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Nasal cartilage reconstruction using decellularized extracellular cartilage matrix: Long-term comparison of
subcutaneous and intranasal biocompatibility in a rabbit model
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Appropriate autologous cartilage as donor tissue for various surgical reconstructions such as nasal septum regeneration is limited and
associated with donor site morbidity. Our goal was to evaluate a new resorbable, chondroconductive biomaterial made of decellularized
cartilage invented and characterized by us compared with native cartilage as actual gold standard. In order to further examine the material and
determine its long-term outcome, we used subcutaneous implantation as well as septal implantation in an orthotopic rabbit model. Besides
non-seeded decellularized xenogenic cartilage, chondrocyte seeded decellularized xenogenic cartilage was implanted as septal replacement.
After a three and a six months period formation of newly synthesized cartilage extracellular matrix was evaluated immunohistochemically,
septal integrity and biocompatibility were evaluated histologically. The formation of the implanted neoseptum and form stability was analysed
using 7-Tesla Magnetic Resonance Imaging.
Good biocompatibility without an excessive rejection reaction was demonstrated in all groups. Both in the study group with and without cell
seeding a long-term stable and reliable septal reconstruction could be achieved. Autologous cell seeding was advantageous only with regard to
septal perforations. Thus, cell seeding derives a benefit regarding long-term stability. However, because of slightly better biocompatibility, less
pronounced septum deviations and the markedly lower effort, the non-seeded scaffold is to be favoured for a possible clinical application.
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The acceleration of angiogenesis into inactivated dermis by high hydrostatic pressure using the sustained release
basic fibroblast growth factor
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We have developed a novel skin regeneration therapy combining the inactivated nevus tissue by high hydrostatic pressure (HHP) in the
reconstruction of the dermis with a cultured epidermal autograft. The issue of this treatment is the instable survival of inactivated dermis. In this
study, we applied collagen-gelatin sponges (CGS) that can sustain the release of basic fibroblast growth factor (bFGF) on the inactivated skin
to accelerate the angiogenesis into it. Murine skin grafts from C57Bl6J/Jcl mice 8 mm in diameter were prepared and inactivated by HHP and
cryopreserved. One month later, grafts were transplanted into the subcutis of other mouse back and covered by CGS impregnated with saline
or bFGF. Grafts were taken after one week and two weeks, then those survival were evaluated histologically and the angiogenesis-related gene
expression were also detected by real-time PCR. Histological sections showed that the dermal cellular density and newly formed capillaries in
the bFGF group were higher than in the control group significantly. Relative expression of PDGF gene in the bFGF group were significantly
higher 4 folds than in the control group after one week and two weeks. This study suggested that angiogenesis into grafts were accelerated
and the survival could be improved in combination with the sustained release of bFGF.
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IL-33 as a key signaling molecule for the therapeutic effects of ECM bioscaffolds for muscle repair
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Biologic scaffolds composed of extracellular matrix (ECM) have been developed as surgical mesh materials, comminuted forms (powders) for
topical wound care, and hydrogels (currently in Phase I trial for intracardiac injection post MI); all of which have been approved for a large
number of clinical applications including musculoskeletal reconstruction. We recently showed that an ECM-scaffold can facilitate a
macrophage phenotype transition that leads to downstream site-appropriate functional tissue deposition and myogenesis as a treatment for
volumetric muscle loss (VML) in preclinical animal models and in 13 human patients. However the molecular mechanisms that direct the
switching of immune cell phenotype in both normal skeletal muscle regeneration and in the presence of an ECM-scaffold are only partially
understood. A new perspective on the bioactivity of ECM-scaffolds is presented herein; specifically, that matrix bound nanovesicles (MBV)
embedded within ECM-scaffolds are a rich source of extra-nuclear interleukin-33 (IL-33). IL-33 is typically found in the nucleus of stromal cells
and generally regarded as an alarmin to alert the immune system to cell injury, resulting in production of pro-inflammatory mediators via poorly
defined mechanisms involving the IL-33 receptor, ST2. However, emerging evidence suggests that IL-33 may function as a promoter of tissue
repair. We show that IL-33 is stably stored within ECM and protected from inactivation by incorporation into MBV. Results of the present study
show that MBV from IL33+/+, but not IL33-/- mouse tissues, directs ST2-/- macrophage differentiation into the reparative, pro-remodeling M2
phenotype, and further suggest that MBV-associated IL-33 modulates macrophage activation through a novel ST2-independent pathway. The
discovery of IL-33 as an integral component of the ECM provides mechanistic insights into the regulation of immune-driven pathological fibrosis.
Furthermore, the use of ECM-scaffolds for musculoskeletal reconstruction can now be examined with new insights that will help guide the
design of next generation products, diagnostics and therapeutic applications.
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Animal Liver Matrix Obtained by Decelularization procedure
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Introduction. The number of persons who need the liver transplant increase, at the same time there are a hight insufficiency of organ donors.
As the advancement in bioengineering has enabled the development of new therapeutic strategies which involve generation of functional
engineered organ, obtained by the decellularization technology.
Materials and methods. As the object of this study they served rat livers (n = 6) which were subjected to decellularization with combination of
sodium dodecyl sulfate 0.1 or 0.5% and anticoagulant. The sumples were studied by histological analysis with Hematoxylin-Eosin and the
extraction of nucleic acids acording to the protocol QIAamp Blood Mini Kit (2003). Also was done MTT test.
Results. The histological comparative analysis of native liver and the decellularized liver scafold with SDS, were showed that the liver
decellularization is at high efficiency, the thickened contour of the vascular wall is clarified by the presence of collagen fibers, thus maintaining
the connective architecture which allows the liver recellularization. The quantification of nucleic acids revealed the existence of a small amount
of DNA 1.04±0.43 ng/µl, *p<0.05 in decellularized matrix.
Conclusions. The comparative histological analisys and the quantification of DNA of native liver and decellularised matrix by this method,
suggested a significant decrease of cell number and a high efficient decellularization of liver tissue segments so we achieved a decellularised
bioconstruction for recellularisation.
Key words. Decellularization, Liver matrix.
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Surface topology of decellularized aorta and its synthetic replica affected cell behavior
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Basement membrane plays important roles in cell functions. Most studies are related to identification of basement membrane components and
the influence on cell function was investigated by using substrate coated with its components. There are few studies focusing on the topology
of basement membrane. Recently, decellularized tissues are used as alternative tissues because of high biocompatibility. We also reported that
decellularized aorta prepared by using high hydrostatic pressure (HHP) technology showed the early endothelialization and antithrombogenicity. From these results, we hypothesized that the acellular aorta maintained luminal basement membrane, resulting in the high
biocompatibility. In this study, acellular aortas having different histological structures were prepared by using HHP and SDS methods and their
synthetic replicas were prepared by a transferring method using poly(dimethyl siloxane) (PDMS), and the surface topology and the cell
behavior on them were investigated.
Porcine aorta was decellularized by using HHP and SDS methods. PDMS replicas of their acellular aortas were obtained by two-step
transferring method. Surface topology of them was investigated by FE-SEM and 3D laser microscope observation. For HHP decellularized aorta,
the striated structure of micro-scaled fibers was observed along with the longitudinal direction, while, for the SDS decellularized aorta, the
striated structure disappeared and the surface became flat. These results indicated that the surface topology of acellular aorta differed by
decellularization method. The replicas of HHP and SDS decellularized aortas had similar topological structure to their acellular aortas,
respectively, suggesting that the surface topology could copied by this transferring method. HUVEC were seeded on decellularized aortas and
replicas. For HHP decellularized aorta and HHP replicas, HUVECs adhered with cobblestone morphology and proliferated. On the other hand,
for SDS replicas, HUVECs adhered with spindle shape likewise flat PDMS. These results suggest that the surface topology of basement
membrane affected cell adhesion and morphology and this transferring method could be applicable as surface processing method for
regenerative medicine device.
This work was partly supported by KAKENHI (B) from the JSPS and Grant-in Aid for research center for biomedical engineering and creative
scientific research of the viable material from MEXT.
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Characterization of EmDerm – a novel hierarchically structured bio-intelligent scaffold for tissue regeneration
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There are a large number of commercial acellular scaffold biomaterials for soft tissue reconstruction, mostly made from decellularised tissue or
fabricated from collagen into porous sponge structures. These materials often lack the nano scale pore-structure of native extra-cellular matrix
and have limited efficacy for regenerative tissue reconstruction.
The use of an oil emulsion templating as a method of fabricating macro-porous protein scaffolds could be alternative solution. However
significant challenges arise because of protein denaturation by absorption at hydrophobic interfaces and by surfactants and instability of
macro-emulsions. We investigate an oil/aqueous macro-emulsion stabilised with a surfactant blend, for forming protein-based nano-structured
bio-intelligent scaffolds (EmDerm) with tuneable micro-scale porosity for tissue regeneration without protein denaturation.
Prototype EmDerm scaffolds were made from either collagen, fibrin or collagen-fibrin composite. Pore size was controlled by the surfactant-tooil phase ratio. Scaffolds were stabilised by cross-linking chemically for varying times. Material micro-architecture and porosity were
characterised by electron microscopy and mechanical properties by tensiometry. The hydrolytic and proteolytic degradation were also
quantified. Biocompatibility and cell proliferation within each scaffold was investigated with human dermal fibroblasts, endothelial cells and
bone marrow derived mesenchymal stem cells.
The manufacture process enabled control of key scaffold parameters: nano-fibrous structure, pore diameter, mechanical strength, and the
degradation rate of scaffold. Each EmDerm type supported efficient cell ingress and proliferation compared to commercial scaffolds.
Therefore, emulsion templating offers a novel rapid method of fabricating nano-structured fibrous protein scaffolds with micro-scale pore
dimensions. The method is readily scalable, and the resultant material properties are tuneable. The scaffolds have promise for clinical use in
reconstruction of the dermis and other soft tissues such as treatment for burns or chronic wounds.
Acknowledgements
The authors would like to thank A*STAR and CRMI for funding this project.
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Characterization of decellularized testis matrix
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Background and purpose: Nowadays, a lot of people are suffering from cancer and diseases that influence the reproductive system health.
Cancer therapy has a detrimental impact on the germ cell proliferation and as a result, leads to infertility. There are different ways to keep the
germ cells after cancer therapy, such as verification. Promising results have obtained from using new techniques in tissue engineering. Biological
scaffolds, which made from decellularized tissues or organs, composed of extracellular matrix (ECM) has been introduced as a good scaffold for
cell delivery and differentiation. In the present study, quality of the decellularized testicular matrix was evaluated.
Materials and Methods: Ten male rats were sacrificed and their testis were removed and decellularized by perfusing through vas deferens with
1% sodium dodecyl sulfate (SDS), 1% Triton and .025% DNase for 48-72 h. DNA content assessment and DAPI attaining were done to confirm
cell removal. After decellularization, tissue prepared histologically for evaluation of the quality of decellularization. The sections were stained by
immunohistochemistry for collagen I, IV, fibronectin and laminin. They also stained by aldehyde fuchsin, toluidine blue, alcian blue. The
samples also prepared for scanning electron microscopy. The cytocompatibility of the scaffolds also was evaluated by MTT assay.
Results: Histological analysis showed that decellularized testicular matrix could be obtained. The decellularized testicular matrix also lost their
cells despite the fact that retaining the typical three-dimensional structure and the major components of the native tissue scaffold, including
collagen type I and IV, ﬁbronectin, laminin and glycosaminoglycans. Significantly, we revealed that decellularized testicular matrix scaffolds are
not cytotoxic, as proved by MTT assay.
Conclusions: Our result suggests that decellularized testicular matrix-based bioscaffolds are capable to keep the microarchitecture so that, it
may provide an appropriate microenvironment for spermatogenesis as a treatment.
Keyword: testis, decellularization, bio-scaffold, sodium dodecyl sulfate(SDS)
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Development of the optimal decellularization protocol for respiratory mucosa and evaluation of its feasibility for
treating partial mucosal defect
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Objectives: The partial mucosal defect is common in the otorhinolaryngology clinic. The conventional treatment options are observation or
autologous skin graft. However these treatment modality require a long time for the wound to completely be healed and cause pain and
discomfort to the patient. Lately, acellular dermal matrix (ADM) was developed and clinically used to cover the mucosal defect. However, since
ADM was derived from the dermis, it is too thick and tough to be applied in oral cavity and pharynx. To overcome these limitations, authors
develop the acellular mucosal matrix by using decellularization protocol for respiratory mucosa. The aim of this study was to develop the
decelluarization protocol for sheet-type respiratory mucosa and evaluate its feasibility.
Materials and method: Porcine tracheas were obtained at a local abattoir from market sized pig. The 15 ㎝ -sized trachea was frozen at -80°C.
After Thawing, the respiratory mucosa was separated from the tracheal cartilage. The two detergent (A: Trypsin + Triton X-100+Deoxycholic
acid, B: Trypsin+Triton X-100+Perasafe)-based decellularization protocols were applied with agitation. DNA quantification, histological
evaluation, mechanical test, and collagen assay were performed.
Results: The protocol B (protocol with perasafe) took 120 hours to reach the adequately decellularized level. However, protocol A was shown
to be unsuitable methods which was poorly decellularized. The decellluarized respiratory mucosa by protocol A showed proper mechanical
property to be used in oral cavity reconstruction. It was elongated to 150% of its original length and restored to original shape.
Conclusion: The results indicated that these decellularized respiratory mucosa had good biomechanical properties and could be the potential
candidate for biological sheet to repair mucosal defect.
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Crosslinking of Collagen or Collagen-like Hydrogels by Fenton’s Reagent for Ocular Applications
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Chemical crosslinking of hydrogels can be achieved by several different mechanisms: Light-, chemically- or enzymatically-initiated crosslinking
have their own advantages and limitations. Among these crosslinking methods, Fenton’s reagent (Fe (II) & H2O2) is known to generate hydroxy
and peroxy radicals which will initiate the crosslinking of polymer chains. By changing the concentration of either Fe (II) or H2O2, the gelling
time and the degree of crosslinking of the polymers can be fine-tuned. Compared to other chemical cross-linkers, H2O2 has a lower toxicity on
cells. The low toxicity of the method as well as the high availability of the materials provides a valuable opportunity for the tissue engineering
applications. Moreover, as it doesn’t require any UV-light or thermal initiation for the radical generation, practical usage of Fenton’s reagent has
a great versatility. This approach can be applied to acrylate-functionalized gelatin-like or collagen-like materials to synthesize radical-initiated
chemically cross-linked hydrogels. Due to fast kinetics and possibility of fine-tuning this process, in situ cross-linking of these materials would
provide an alternative to different applications of hydrogels. As the reaction between Fe (II) and H2O2 occurs at room temperature or at body
temperature and at pH 7.4, this method can be applied for injectable hydrogels, for cell encapsulation or for hydrogel patches for several
different purposes, one of which would be serving as filler for sealing corneal perforations. The current treatment is performed via
cyanoacrylate glue, which has been shown to have proinflammatory effects as well as hindering the corneal regeneration[1]. The preliminary
data that we have on Fenton’s reagent in acrylate-modified hydrogel cross-linking demonstrates the tailoring of gelling time by modifying the
total Fe (II) or H2O2 concentration. By employing Fenton’s reagent for the initiation of the cross-linking of a collagen-like material for an
injectable patch to treat the corneal perforations would provide a feasible, fine-modified, biocompatible and easily-available alternative to the
current treatment strategy.
References:
[1] C. Samarawickrama et al., “Collagen-Based Fillers as Alternatives to Cyanoacrylate Glue for the Sealing of Large Corneal Perforations,”
Cornea, Nov. 2017.
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3D printing of highly stable hydrogels composited of gelatin and dopamine-modified alginate
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Extrusion-based bioprinting of alginate hydrogels has been one of the most popular techniques in the bioprinting community. However, it is not
easy to control swelling and dissolution of calcium irons crosslinked alginate hydrogels, which prevents its widespread use for tissue
engineering scaffolds. Here, we have fabricated a printable and stable hydrogel comprised of dopamine-modified alginate and gelatin that can
be used for cell encapsulation. Dopamine-modified alginate (D-Alg) is synthesized through carbodiimide coupling reaction, using 1-ethyl-3-(3dimethyaminopropyl) carbodiimide (EDC) and N-hydroxysulfosuccinimide (NHS). A suitable concentration of D-Alg and gelatin is dissolved in
deionized water under stirring, until a homogeneous bioink with suitable viscosity for bioprinting is achieved. The printed structure is further
crosslinked with FeCl3 solution, which shows significant enhancement of stability and mechanical strength. The Fe3+ crosslinked D-Alg hydrogel
shows higher mechanical properties compared with conventional Ca-alginate hydrogels. On the other hand, adding Fe3+ metal irons to gelatin
froms hexavalent Fe complexes, enhancing cohesion ability of the hybrid hydrogel. The printing process shows little viability effect to the
encapsulated cells. The bioprinted hybrid hydrogel shows extremely high stability under physiological conditions, without significant
cytotoxicity. The adhesive properties of catechol groups in D-Alg also enhances tissue attachment. The results demonstrate the potential use of
D-Alg/gelatin hybrid hydrogels for 3D bioprinting of living tissues.
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Investigation of Bone Reconstruction Using Attenuated Immunogenicity Xenobone Composite Graft Fabricated
by 3D Printing
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Most current bone graft strategies including autograft and allograft are limited in supply and suffer high donor site morbidity rate [1]. We
fabricated a novel bone graft composed of decellularized porcine bone (DPB) matrix and polymeric materials through 3D printing to provide an
alternative regeneration solution for bone defect clinical treatment. The natural DPB component in our bone graft derived from α
1,3-galactosyltransferase gene knockout(GTKO) porcine [2] bone with attenuated immunogenicity, was used to initiate bone regeneration. The
polymeric material of polycaprolactone (PCL) enables the grafts to be 3D printable and have controllable precise structures. Hybrid scaffolds
displayed robust mechanical properties. Assessments of surface features revealed both collagenous and mineral components of bone were
present. Qualitative and quantitative assessments showed increased ALP expression and osteogenic differentiation of hMSCs on those grafts.
The bone graft developed is intended for use in patients undergoing bone defect healing to expedite the bone defect reconstruction and
reduce morbidity as harvesting bone from the donor site is no longer required.
References：
1. Amini AR, Laurencin CT, Nukavarapu SP. Bone tissue engineering: recent advances and challenges. Critical Reviews in Biomedical
Engineering 40, 363, 2012.
2. Dai Y, Vaught TD, Boone J, Chen SH, Phelps CJ, Ball S, Monahan JA, Jobst PM, Mccreath KJ, Lamborn AE. Targeted disruption of the α
1,3-galactosyltransferase gene in cloned pigs. Nature Biotechnology 20, 251, 2002.
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Nanomaterials for tissue engineering of heart valve bioprosthesis – the use of acoustic wave and laser ablation
methods for the preparation of bioactive scaffold
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The surgical procedure for the replacement of diseased heart valve is a commonly accepted method of treatment in situations where the
conventional pharmacological treatment is exhausted. For the replacement the mechanical or biological prostheses can be used, however both
of them have limitations. Because of this, there is still a need to optimize their methods of bioprosthesis creation to increase their durability
while maintaining high biocompatibility and hemocompatibility. In the recent years a development of issues related to the use of tissue
engineered techniques are developed and the methods should meet clinical needs. The goal of our study was to develop a new method for
the preparation of acellular scaffold, to improve the scaffold porosity, cell growth and migration and the efficiency of cell removal, with
maintaining the intact morphology and mechanical stability. The goal is to obtain series of clinically available organs “from the shelf”. For the
scaffold preparation we use the new techniques: laser ablation and acoustic waves. The acoustic methods work in the pulse reflection mode.
The most important component in the scanning acoustic microscopy is a high frequency piezoelectric sound transducer. In the acoustic
method, the cells were rejected by the activation of programmable cell death through the use of an appropriate frequency of acoustic waves.
The second methods laser ablation was realized using two techniques, namely, direct laser writing and direct laser interference lithography.
Direct laser writing involves focusing a laser beam on the target surface, creating predefined points or lines in a continuous manner, using
continuous wave lasers or quasi-continuous regime pulse, high repetition lasers. Direct laser interference lithography (DLIL) involves the
irradiation of virtually any solid surface with a proper interference pattern by means of a high-power density pulse laser (from MW/cm2 up to
GW/cm2). The multi-scale advanced biological, molecular, biomechanical studies have been used for the scaffold characterization, including
preclinical studies. The issue of the formation of new tissue on the basis of the extracellular matrix is of strong clinical interest.
Acknowledgments:
This project is implemented under the Project 2016/23/B/ST8/01481 funded by the National Centre of Science
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Microscopic Challenges to Understand Structural Characteristics of Protein Based Biomaterials for Research and
Translational Applications in Skin Tissue Engineering
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To successfully commercialize tissue engineered scaffolds it is essential to have a complete understanding about the specifications of the
product. Biomaterials are extensively used as structural support to boost the function of damaged tissue in the field of tissue engineering and
regenerative medicine (TERM). The complex structures and material properties result in distinct challenges with regard to analysing and
assessing the behaviour of these materials. Imaging technologies have been widely used as a central tool in the field of TERM. Conventional
methods such as histological and immunohistochemical techniques have been used to accumulate data on the engineered materials but have
failed to provide accurate information since they are invasive and can be used only on small samples rather than the entire biomaterial.
Imaging techniques should maintain the natural state of the material, should be quantitative, and allow three-dimensional (3D) analysis. The
aim of the experiment was to compare analysis of a porous 3D 10*10 cm fibrin-alginate scaffold using scanning electron microscopy, atomic
force microscopy, laser scanning confocal microscopy (LSCM), microcomputed tomography, optical cohearance tomography and light
microscopy. Our results suggest that apart from LSCM, all the other techniques either altered the structure of the scaffold or could only
visualize a small area and were time consuming. LSCM visualized the entire area of the scaffold (10*10 cm) in its natural state within 90
minutes at a high resolution, collecting multiple images in digital form from serial sections and finally representing the 3D structure of the
scaffold. This study discusses the difficulties involved in imaging 3D porous scaffolds and highlights the advantages and validity of LSCM.
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Novel Approach for Quantification of Pore-size for Scaffolds (>16 cm2) Using ImageJ Software for Quality Control
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With the advancement of digitalisation and computer programming, image processing has become the latest tool to understand and quantify
pore size, pore size distribution, porosity and microstructure of bio-aggregates. Techniques available to analyse the microstructure of
biomaterials include optical light microscopy, scanning electron microscopy, X-ray spectroscopy and field emission scanning electron
microscopy along with image processing softwares like MATLAB, ICY, Avizo, Image Pro and others. However, these techniques are widely used
to quantify pores over small sample areas that have a homogenous pore structure. The analysis becomes difficult when the size of the
biomaterials increases (>16 cm2) and if the pore distribution is gradient. In this study, we present a method using ImageJ software to quantify
pore size distribution of porous materials with gradient porosity distributed over an area of 1 – 100 cm2 by utilising laser scanning confocal
microscopy images. A macro was created in ImageJ to test this method. A plugin called tubeness is used to perform the analysis. After
tubeness processing to identify pore boundaries, images are thresholded then skeletonized. A watershed is run to separate overlapping pores,
before measurement of pore area and shape descriptors. Using this method, pore distribution of a fibrin-alginate scaffold (49 cm2 > 1x108
pixels) was quantified within three minutes on a standard PC and measured over 227,000 pores. Such tools offer the potential of repeatability,
accuracy and effectiveness in data quantification which will be valuable for quality control during biomaterial manufacturing processes.
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By providing natural biologic cues and three-dimensional microstructure, decellularized tissues are emerging as effective scaffolds in
regenerative medicine. For myocardial regeneration, different approaches are based on decellularized myocardium, however this latter is
characterized by poor mechanical properties with respect to the native tissue, where the extracellular matrix represents a relatively small mass
fraction. As innovative and easily accessible alternative, the human decellularized dermis (HDD) has been proposed [1]. Preliminary tests
demonstrated that cardiac primitive cells engrafted onto HDD, survived and retained expression of markers specific for cardiac myocytes, at
gene and protein level [1]. In this study we investigated the mechanical behaviour of the HDD in comparison with the human myocardium.
Four samples of dermis, collected from a plastic surgery patient marking the Langer’s lines orientation, were decellularized following a novel,
fast protocol [1]. Sample specimens, cut in parallel and perpendicularly to the Langer’s lines, were measured by photogrammetry (width = 5.25
±0.71 mm, thickness = 3.62±0.45 mm), and mechanically characterized by uniaxial tensile tests (strain rate = 3.2% s-1, gauge length = 5 mm,
MTS Qtest/10 [2]). The elastic modulus maximum (Emax), at 10% (E10%) and 20% (E20%) of strain were calculated. A multivariate variance analysis
was adopted (α = 0.05).
Specimens oriented along the Langer’s lines presented significantly higher elastic moduli (+64.5% ±6.2% for Emax, +48.2% ±19.7% for E10%) than
the perpendicularly-oriented ones (p<0.0001). The average Emax values of parallel (9.99 ± 1.91 MPa) and perpendicular (3.52 ± 0.29 MPa)
specimens fitted with elastic modulus values of porcine acellular myocardium subjected to uniaxial tests along (9.50±1.50 MPa) and cross
(3.27 ± 0.80 MPa) fiber directions [3]. Moreover, the average E10% values of parallel (0.32 ± 0.08 MPa) and perpendicular (0.15 ± 0.04 MPa)
specimens fell in the human myocardium value range (0.01-0.5 MPa) [4]. Preliminary results demonstrate, in terms of both directionally
dependent anisotropy and elastic modulus values, the mechanical suitability of the HDD as scaffold for myocardial regeneration.
1. Castaldo C, et al. Tissue Eng Part A, 23(Suppl. 1), pS-67, 2017
2. Terzini M, et al. Med Eng Phys, 38(9), p862-869, 2016
3. Wang B, et al. J Mater Sci Mater Med, 23(8), p1835–1847, 2012
4. Chen QZ, et al. Mater Sci Eng R Rep, 59(1-6), p1-37, 2008
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Tissue Decellularization Bioreactors – Medical Grade vs. Basic Science
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Department of Cardiac Surgery, Ludwig Maximilians University, Munich, Germany，2Institute of Medical and Polymer Engineering, Technical University, Munich, Germany
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Background
To ensure safe, automated and reproducible decellularization (DC) processes, it is necessary to use bioreactors (BR). To meet requirements of
medical grade scaffold production as well as basic science research, we tried to develop 2 specific BR systems.
Methods
Medical grade DC system (MGDS): The BR should match medical product certification guidelines. Therefore, complete automation and
process logging are necessary. Individual treatment, optional ultrasonic exposure and in-process sterilization of up to 6 scaffolds were other
requirements.
Basic science DC system (BSDS): A DC system for basic science needs to be flexible, cheap and easy to produce. However, homogenous and
identical treatment of the biological samples is essential.
Based on these requirements, 2 systems were designed and flow profiles were optimized by CFD-analysis. BRs were either built up from
purchased parts (MGDS) or produced by rapid prototyping technique (BSDS). Finally, established detergent based DC protocols were applied
to bovine pericardial patches and porcine aortic valves (each n=10) in both systems and a manually treated control group.
Results
Continuous development including design changes, resulted in a final, 2nd generation of the DC systems. Present MGDS proved complete
automation of the DC process by successful test runs using individual protocols. System enables improved risk and quality management by
integrated error logging and sterilization function. Detergent composition, run time, ultrasound and temperature are controlled and adjusted
precisely by a state-of-the-art industrial PLC. Final BSDS is a low-cost, benchtop solution to process up to 10 pericardia or 5 heart valves
simultaneously. Due to a modular setup, consisting of a treatment chamber, a separate pump, a clock time and a tempered reservoir, the
system is highly flexible. CFD-Analysis showed homogenous and equal distribution of the DC solutions for every sample. DAPI, H&E staining and
DNA quantification showed successful cell removal for both systems and detected remaining cells in the manually treated control group.
Microscopic analysis showed preservation of extracellular matrix for all groups.
Conclusion
The introduction of rapid prototyping offers great potential to introduce low-cost DC bioreactors for basic science. However for medical grade
scaffold production we developed an additional complex and completely automated system. Both systems showed superior performance to
manual procedures.
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Fabrication of Hydrogel Materials for Wound Healing

Jen Ming Yang1,2,3，Yi-Fan Lu1，Yen-Hsiang Chang2，Chih Chin Hsu4,5
1
Department of Chemical and Materials Engineering, Chang Gung University, Taiwan，2Department of General Dentistry, Chang Gung Memorial Hospital, TaoYuan 333, Taiwan，3Division of
Pediatric Ingectious Diseases, Department of Pediatrics, Chang Gung Memorial Hospital, Taoyuan, Taiwan，4Department of Physical Medicine and Rehabilitation, Chang Gung Memorial
Hospital at Keelung, Keelung, Taiwan，5School of Traditional Chinese Medicine, Chang Gung University, Taoyuan, Taiwan

Wound healing is a dynamic process whereby cells, growth factors, and the extracellular matrix interact to restore the architecture of damaged
tissue. A dressing, designed to be in direct contact with the wound, is a sterile pad or compress applied to a wound to promote healing and
protect the wound from further harm. Acellular matrix products can be used in the management of a variety of chronic wounds. There are a
variety of matrix products available on the market.
Hydrogels are similar to those of human tissues and possess excellent tissue compatibility and have become attractive to the field of
biomaterial for many years. Some commercial hydrogels dressing materials have appeared in the markets under brand names. As the hydrogels
with single component have low mechanical strength, recent trends have offered composite or hybrid hydrogel membranes to achieve the
typical wound dressing requirements. Series studies of hydrogel containing membranes have been prepared and evaluated for wound dressing
in our lab. In this report, the review of hydrogels dressing materials is presented and the hybrid hydrogel membranes including (1) the
modification of polyurethane and styrene-butadiene-styrene block copolymer (SBS), (2) tri-layer wound dressing with polypropylene nonwoven
fabric (PP) as raw material, and (3) the preparation of poly(vinyl alcohol) based electrospun fiber prepared in our lab for wound dressing are
also discussed.
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Application of cell-free human allodermis and skin grafts for lower extremity reconstruction

Sang Wha Kim1，Youn Hwan Kim2
1
Department of Plastic and Reconstructive Surgery, College of Medicine, Seoul National University, Seoul National University Hospital, Seoul, Korea，2Department of Plastic and Reconstructive
Surgery, College of Medicine, Hanyang University, Seoul, Korea

Determining a reconstruction method for lower limb skin and soft tissue defect has always been a problem. In the case of full-thickness defect,
full-thickness skin grafts or local flaps are generally used for reconstruction. The objective of the current study is to use CGDerm and skin
grafting for improved skin grafting without contracture.
Between September 2012 and June 2014, 27 patients received CGDerm and split-thickness skin grafting (STSG) simultaneously for lower limb
full-thickness skin defects. The researchers performed chart reviews retrospectively and examined the patients based on the following factors:
gender, age, injury mechanism, size, exposed structure, pre-coverage dressing method, coverage method, post-operational engraftment and
total healing period, contracture development, elasticity, and infection development.
Of a total of 30 cases, 29 showed successful engraftment without infection or contracture. In one case, continued seroma was observed.
Engraftment was successful in this case following new coverage using both CGDerm and STSG.
Human allodermis can play a ground-breaking role in securing the availability of surrounding tissue and in contracture prevention, both of
which are key to lower limb reconstruction. Of the types available, the cell-free human dermis, CGDerm, showed lower infection rates than
other human dermis types, and its engraftment rate was higher than in STSG-only cases. These findings suggest that CGDerm adoption in STSG
is more effective and safer in lower limb reconstruction, and has lower contracture and infection rates.
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Melanin pigments in the melanocytic nevus regress spontaneously after inactivation by high hydrostatic pressure

Michiharu Sakamoto1，Naoki Morimoto2，Chizuru Jinno1，Atsushi Mahara3，Shuichi Ogino1，Kenji Kusumoto2，Tetsuji Yamaoka3
1
Department of Plastic and Reconstructive Surgery, Kyoto University Graduate School of Medicine, Kyoto, Japan，2Department of Plastic and Reconstructive Surgery, Kansai Medical University,
Osaka, Japan，3Department of Biomedical Engineering, National Cerebral and Cardiovascular Center Research, Osaka, Japan

Giant congenital melanocytic nevi (GCMN) are large brown-to-black skin lesions that appear at birth, and are associated with the risk of
transformation to malignant melanoma. Therefore, the entire nevus tissue should be removed to prevent the emergence of melanoma. We
have reported a novel treatment for GCMN that re-uses the autologous nevus with high hydrostatic pressurization (HHP). The inactivated nevus
is autografted to the original site and a cultured epidermal autograft is applied 2 or 3 weeks later. We have shown that all kinds of cells in the
nevus tissue were completely inactivated after HHP and that the cultured epidermis survived on the inactivated nevus. An important issue with
our novel treatment involves the remaining melanin pigments in the inactivated nevus tissue. In this study, we inactivated nevus tissue at 200
MPa and implanted it subcutaneously in nude mice and observed color changes and histology.
Resected nevus tissue specimens were pressurized at 200 MPa for 10 minutes. Pressurized nevus specimens (200 MPa group, n=9) and nonpressurized nevus tissue (control group, n=9) were implanted in the subcutis of nude mice and harvested 3, 6, and 12 months later. Color
changes of the nevus specimens were evaluated using the brightness parameter of the HSB color model. Nevus specimens were evaluated
histologically with hematoxylin and eosin–stained sections and immunohistochemically stained sections of CD31 or human vimentin.
In the 200 MPa group, colors of the nevus specimens gradually regressed and turned white, brightness values increased after 6 months and
were significantly higher than those of the control group, and melanin granules decreased in size and nearly disappeared at 12 months.
Immunohistochemical staining for human vimentin showed abundant remaining human cells in the dermal part for the control group; however,
no human cells were confirmed for the 200 MPa group at 3, 6, and 12 months. Immunohistochemical staining for CD31 showed regenerated
capillaries in the dermal parts of nevus specimens for both groups after 3 months.
In this study, it was determined that melanin pigments of nevus tissue regress spontaneously in vivo after inactivation by HHP. This suggests
that we can reimplant the removed and inactivated nevus without removing melanin pigments in combination with consecutive grafting of CEA.
Then, the remaining melanin will regress spontaneously after grafting. Our novel HHP treatment could be promising for GCMN.
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Bioinspired scaffolds for tissue engineering applications

Franck Cleymand1，Charles Roux-Pertus1，Solenne Fleutot1，João Mano2
Institut Jean Lamour (IJL), UMR 7198 CNRS/Universite de Lorraine, Nancy, France，2Department of Chemistry, CICECO, University of Aveiro, 3810-193 Aveiro, Portugal
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In the context of Tissue Engineering and Regenerative Medicine [1;2], we developed bio-inspired scaffold from renewable resources with
controlled external shape and internal architecture. Different homemade fabrication apparatuses have been developed to produce controlled
systems inspired by the nature. Mechanical, physico-chemical and biological characterizations assess the therapeutic potential.
This presentation will report our recent advances on bioinspired scaffolds such as:
1) Electrospun fibers of chitosan and crosslinked chitosan which has been inspired by the hierarchical structure of Dynastes hercules elytra [3],
and can be seen as new architecture to TE.
2) Free standing membranes functionalized in volume by incorporating nanoliposomes based on marin origin lecithin [4].
3) Cicada wings Bioinspired Membranes for Tissue Engineering
[1] Tissue Engineering, Cell Therapy and Transplantation: Products, Technologies & Market Opportunities, Worldwide, 2009-2018." Report
#S520; Med Market Diligence, LLC.
[2] R. Langer, D.A. Tirrell, Nature (2004), 428, 487-492.
[3] C. Roux-Pertus, E. Oliviero, V. Richard, F. Fernandez, F.Maillot, O. Ferry, S. Fleutot, Joao F Mano, and F. Cleymand, Micron http://dx.doi.
org/10.1016/j.micron.2017.05.001
[4] F. Cleymand, H. Zhang, G. Dostert, P. Menu, E. Arab-Tehrany, E. Velot, João F. Mano, RCS Advances, 6, 83626-83637 (2016)
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Perfusion Decellularization of Cadaveric Porcine Kidney Using Chemical Methods with Sonication

Nathaniel P. Dugos1，Sreypich Say1，Tosha Mae Manalastas1，Joseph Rey Sta. Agueda1，Sigrid M. Agcaoili2，Julie Anne M. Nana2
Chemical Engineering Department, De La Salle University, Manila, Philippines，2National Kidney and Transplant Institute, 1101 East Avenue, Diliman, Quezon City, Philippines
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Renal transplantation is the only definitive treatment to End Stage Renal Disease (ESRD), which has become a growing concern worldwide
because of a rapid increase in the number of people suffering from it. However, this treatment is continuously challenged with the organ supply
shortage and the incompatibility of the transplanted organ to the patient. Production of acellular extracellular matrix (ECM) scaffolds from
whole organs aims to solve these problems using perfusion decellularization. Current perfusion decellularization techniques are performed
using chemical methods where detergents are perfused into the organ to remove cellular components. But these usually require long
incubation times, repeated treatment cycles and intensified washing steps which affects the integrity of the scaffold and the retention of
essential ECM components which are vital for a successful recellularization. Therefore, these protocols are usually combined with physical
methods to achieve a more efficient method of decellularization of organs. Sonication treatment is an example of physical method used to
improve decellularization because it helps to penetrate chemical detergents into cells membrane and disrupt it and its components leading to
require lesser amount of chemicals and faster removal of cellular debris while preserving the ECM structure. Until now, sonication studies have
focused only on tissues and not whole organs.
In this study, sonication treatment was used in addition to the perfusion of detergents, sodium dodecyl sulfate and Triton X-100, to improve
efficiency in producing cadaveric porcine ECM scaffolds in terms of the percentage of cell removal, retention of essential ECM components and
the preservation of the ECM structure and vascular network. Decellularized scaffold was evaluated using hematoxylin eosin (H&E) and
diamidino-2-phenylindol (DAPI) staining for cellular content. The integrity of scaffold was then analyzed by transmission electron microscopy
(TEM) and lastly, vital ECM components were analyzed using enzyme linked immunosorbent assay (ELISA) and immunohistochemical (IHC)
staining. Results showed that the sonication treatment was able to improve the decellularization method and was able to produce a cadaveric
porcine kidney ECM scaffold that was successfully devoid of cellular components while preserving the structure and essential components of
the ECM.
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Preparation of neural stem cell-derived decellularized matrices as a stem cell niche model

Takashi Hoshiba1,2,3，Yuki Sugano4，Natsumi Yokoyama4
1
Frontier Center for Organic Materials, Yamagata University, Yonezawa, Japan，2Innovative Flex Course for Frontier Organic Material Systems, Yamagata University, Yonezawa, Japan，3National
Institute for Materials Science, Tsukuba Japan，4Yamagata Prefectural Yonezawa Kojokan High School, Yonezawa, Japan

Neural stem cells (NSCs) are one of the important cell sources for neural tissue engineering. NSCs lose their stemness during their in vitro
culture, which is one of the barriers for neural tissue engineering with NSCs. NSCs can keep their stemness in vivo in stem cell niche.
Particularly, it is reported that there is special extracellular matrix (ECM) architecture, called as “fractones”, in NSC niche. And the fractones are
reported to be required for NSC growth and maintenance. However, the mechanisms are still unclear. Here, we proposed cultured NSC-derived
decellularized matrix as a new in vitro “fractones” model. MEB5 cells, a murine NSC line, were cultured for a week in the monolayer culture on
laminin-coated substrates. During this monolayer culture, MEB5 did not differentiate into neural cells (neurons and astrocytes). And the cells
expressed basement membrane components to deposit them beneath the cells. After the culture, MEB5 cells were specifically removed from
the culture by the treatment with Triton X-100 and NH4OH, followed by the treatment with DNase and RNase to obtain MEB5-derived
decellularized matrices. No F-actin and cell nuclei were observed in the samples after decellularization, indicating that decellularization was
successfully performed. The newly prepared MEB5-derived decellularized matrices can support the adhesion and growth of freshly harvested
MEB5 cells. Finally, MEB5 cells were cultured under differentiation condition. MEB5 cells rapidly formed neurites on laminin-coated substrates,
indicating that the cells differentiated into neural cells. On the other hand, MEB5 cells kept a round shape on MEB5-derived decellularized
matrices, suggesting that the cells suppressed their differentiation. Conclusively, MEB5-derived decellularized matrices might be useful as an in
vitro “fractones” model for making it easy to analyze their roles in vitro.
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Effects of RGDSP-derived Extracellular Signaling in Three-dimensional Polyethylene Glycol (PEG)-based Hydrogel
on Maintaining Undifferentiation of Spermatogonial Stem Cells in Pig

Min Hee Park1，Hyun Lee1，Jung Im Yun2，Kimyung Choi5，Eunsong Lee3，Seung Tae Lee1,4
1
Department of Animal Life Science, Kangwon National University, Chuncheon, Republic of Korea，2Division of Animal Resource Science, Kangwon National University, Chuncheon, Republic of
Korea，3College of Veterinary Medicine, Kangwon National University, Chuncheon, Republic of Korea，4Division of Applied Animal Science, Kangwon National University, Chuncheon, Republic
of Korea，5Optipharm Inc., 63, Osongsaengmyeong 6-ro, Osong-eup, Heungdeok-gu, Chengoju-si, Chungcheongbuk-do, Republic of Korea

In in-vivo testis, spermatogonial stem cells (SSCs) are localized and infinitely self-renew on basement membrane of seminiferous tubule.
Therefore, reconstruction of a three-dimensional (3D) niche mimicking basement membrane is important for conducting effectively in-vitro
maintenance of SSCs. In this study, in order to promote self-renewal of SSCs derived from pig, we tried to develop a 3D non-cellular niche
engineering signaling of integrin α5β1 or αVβ1 interacting with fibronectin observed in basement membrane. For these, we investigated the
presence of integrin α5β1 or αVβ1 on the surface of porcine SSCs in the undifferentiated state through immunocytochemistry and attachment
and antibody inhibition assay, and effects of extracellular signaling derived from RGDSP activating integrin α5β1 or αVβ1 in 3D PEG-based
hydrogel on maintaining self-renewal of porcine SSCs through analysis of morphology and self-renewal-related gene expression post-culture of
porcine SSCs inside 3D PEG-based hydrogel combined with 0, 400, 800, 1200 or 1600 μM RGDSP. As the results, on the surface of the
undifferentiated porcine SSCs, the localization of integrin α5, αV and β1 subunit proteins was identified and the integrin heterodimers αVβ1
was present in active form, while integrin α5 was present in inactive form. Subsequently, porcine SSCs cultured in 3D PEG-based hydrogel
incorporating RGDSP activating integrin αVβ1 formed colonies of round or grape- like shape, regardless of RGDSP concentration. However,
porcine SSCs cultured inside 3D PEG-based hydrogel combined with 800 μM RGDSP showed higher transcriptional level of most of selfrenewal related genes than the other groups. Accordingly, these results suggest that extracellular signaling derived from 800 μM RGDSP
provide beneficial effects on maintenance of the porcine SSC self-renewal in in-vitro culture of porcine SSCs in 3D PEG-based hydrogel.
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Effects of TTSWSQ-derived Extracellular Signaling in 3-dimensional Polyethylene Glycol (PEG)-based Hydrogel
on Maintaining Undifferentiation of Spermatogonial Stem Cells derived from Porcine Testes
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In in-vivo testis, spermatogonial stem cells (SSCs) are localized and infinitely self-renew on basement membrane of seminiferous tubule.
Therefore, reconstruction of a three-dimensional (3D) niche mimicking basement membrane is important for conducting effectively in-vitro
maintenance of SSCs. In this study, in order to promote self-renewal of SSCs derived from pig, we tried to develop a 3D non-cellular niche
engineering signaling of integrin α6β1 interacting with laminin observed in basement membrane. For these, we investigated the presence of
integrin α6β1 on the surface of porcine SSCs in the undifferentiated state through immunocytochemistry and attachment and antibody
inhibition assay, and effects of extracellular signaling derived from TTSWSQ activating integrin α6β1 in 3D PEG-based hydrogel on maintaining
self-renewal of porcine SSCs through analysis of morphology and self-renewal-related gene expression post-culture of porcine SSCs inside 3D
PEG-based hydrogel combined with TTSWSQ with a variety of concentration (0, 400, 800, 1200 or 1600 μM). As the results, on the surface of
the undifferentiated porcine SSCs, the localization of integrin α6 and β1 subunit proteins was identified and the integrin heterodimers α6β1
was present in active form. Subsequently, porcine SSCs cultured in 3D PEG-based hydrogel incorporating TTSWSQ activating integrin α6β1
formed colonies of round or grape-like shape, regardless of TTSWSQ concentration. Moreover, porcine SSCs cultured inside 3D PEG-based
hydrogel combined with 800 μM TTSWSQ showed higher transcriptional level of most of self-renewal-related genes than the other groups.
Accordingly, these results suggest that extracellular signaling derived from 800 μM TTSWSQ provide beneficial effects on maintenance of the
porcine SSC self-renewal in in-vitro culture of porcine SSCs in 3D PEG-based hydrogel.
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Effects of PEILDVPSTV-derived Extracellular Signaling in Three-dimensional Polyethylene Glycol (PEG)-based
Hydrogel on Maintaining Undifferentiation of Spermatogonial Stem Cells in pig
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In in-vivo testis, spermatogonial stem cells (SSCs) are localized and infinitely self-renew on basement membrane of seminiferous tubule.
Therefore, reconstruction of a three-dimensional (3D) niche mimicking basement membrane is important for conducting effectively in-vitro
maintenance of SSCs. In this study, in order to promote self-renewal of SSCs derived from pig, we tried to develop a 3D non-cellular niche
engineering signaling of integrin α4β1 interacting with fibronectin observed in basement membrane. For these, we investigated the presence of
integrin α4β1 on the surface of porcine SSCs in the undifferentiated state through immunocytochemistry and attachment and antibody
inhibition assay, and effects of extracellular signaling derived from PEILDVPSTV activating integrin α4β1 in 3D PEG-based hydrogel on
maintaining self-renewal of porcine SSCs through analysis of morphology and self-renewal-related gene expression post-culture of porcine SSCs
inside 3D PEG-based hydrogel combined with 0, 400, 800, 1200 or 1600 μM PEILDVPSTV. As the results, on the surface of the
undifferentiated porcine SSCs, the localization of integrin α4 and β1 subunit proteins was identified and the integrin heterodimers α4β1 was
present in active form. Subsequently, porcine SSCs cultured in 3D PEG-based hydrogel incorporating PEILDVPSTV activating integrin α4β1
formed colonies of round or grape-like shape, regardless of PEILDVPSTV concentration. However, porcine SSCs cultured inside 3D PEG-based
hydrogel combined with 1200 μM PEILDVPSTV showed higher transcriptional level of most of self-renewal-related genes than the other
experimental groups. Accordingly, these results suggest that extracellular signaling derived from 1200 μM PEILDVPSTV provide beneficial
effects on maintenance of the porcine SSC self-renewal in in-vitro culture of porcine SSCs in 3D PEG-based hydrogel.
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Degradation rate defines in situ cell reprogramming efficiency of the active chitosan implants

Andrey Mikhailov，Yoshiyuki Sankai
University of Tsukuba, Center for Cybernics Research

Reprogramming somatic cells directly at the site of lesion or trauma is a promising approach to reduce the time of recovery and the labor load.
However, optimal pharmacokinetic parameters for the release of reprogramming factors are not known. Here we compare two designs of
reprogramming factor releasing biodegradable chitosan implants. After implantation, both designs are efficient in transfecting the surrounding
cells. Slower degrading implants pretreated by freeze-drying produced a scattered distribution of CD9-positive cells, while faster cell-infiltrated
implants having tendency to promote cluster distribution of CD9-positive cells. Cell reprogramming in situ is transient, providing the cells ready
to reenter differentiation into cell type repertoire necessary for local tissue repair. We employed an animal model allowing to back-trace the
reprogramming events, and quantitatively estimated the efficiency of local in situ reprogramming. Several biomarkers of tissue response to the
induced cell reprogramming were identified, with Chemokine ligand 6 (CXCL6) among the most prominent. We propose that neutrophilic
granulocytes are the conduits for checkpoint mechanism controlling the quality of in situ cell reprogramming and eliminating the erroneously/
incompletely reprogrammed cells.
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Staged tumorigenesis-mimicking matrices for mechanisms analysis of chemoresistance acquisition

Takashi Hoshiba1,2,3
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for Materials Science

Chemoresistance is one of the biggest barriers for chemotherapy. It is clinically known that chemoresistance increases according to tumor
progression. Also, extracellular matrix (ECM) is remodeled during tumor progression. However, the role of ECM in chemoresistance has been
unclear. Recently, I have prepared staged tumorigenesis-mimicking matrices which mimic native ECM at each malignant level (high malignant,
low malignant and normal level). And tumor cells exhibited the highest chemoresistance on high malignant ECM by increase of ABCB1
expression. Here, ECM-induced chemoresistance acquisition mechanisms were assessed. It is reported that chemoresistance acquisition is
related to epithelial-mesenchymal transition (EMT). Thus, I focused on EMT on the matrices to unveil the mechanisms of ABCB1 expression
induction on the high malignant ECM. Anti-tumor drugs, like 5-fluorouracil (5-FU), can induce the EMT of tumor cells via TGF-beta-Smad
signaling. Together, ABCB1 expression increased via TGF-beta-Smad signaling, suggesting that ABCB1 expression was associated by EMT.
Compared EMT-relating gene expression on staged tumorigenesis-mimicking matrices, high malignant ECM exhibited the highest EMT-relating
gene expression, indicating that high malignant ECM strongly induced EMT. Finally, I compared ABCB1 expression on the staged tumorigenesismimicking matrices. High malignant ECM exhibited the highest ABCB1 expression. However, the expression was suppressed to similar levels
with low malignant and normal ECM by the exposure with a TGF-beta-Smad signal inhibitor. These results suggested that high malignant ECM
increased ABCB1 expression to acquire chemoresistance by the promotion of EMT. Conclusively, staged tumorigenesis-mimicking matrices
might be suitable in vitro ECM models for tumor biology and pharmacological researches.
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Sterile acellular tissues developed by a CO2-philic detergent and supercritical carbon dioxide
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1
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Decellularization of tissues has attracted much attention in regenerative medicine as an alternative to synthetic materials. However, most
decellularization techniques are time-consuming and compromise the structure and mechanical properties of the tissue. Here,we report a
cost-effective and rapid decellularization method based on a CO2-philic detergent and supercritical CO2. Due to its dual-character as a gas and
a liquid, supercritical CO2 has a substantially enhanced diffusion and simultaneously sterilizes the sample which therefore reduces the
treatment time significantly.
We have successfully tested this method on cartilage, tendon and skin tissues and have found that it has removed the majority of the cellular
material. DNA content was substantially reduced by 81.78 ± 3.40% for cartilage, 66.73 ± 6.03% for tendon, and 86.73 ± 0.004% for skin
compared to native tissue (p<0.05). Simultaneously, GAG content was reduced by 87.00±6.12% for cartilage, 69.88±6.23% for tendon and
65.71±0.43% for skin compared to the native tissue (p<0.05). The lower GAG content has effectively reduced the elastic modulus of articular
cartilage by 85.56±2.81% (p<0.0001), but not significantly reduced the elastic modulus of tendon.
The removal of GAGs was also confirmed by the ultrastructure of decellularized articular cartilage associated with a looser collagen fiber
arrangement. Finally, we have shown that acellular tissues were non-cytotoxic to bovine chondrocytes.
Through further optimization of the processing parameters, this method has the potential to be acost-effective, one-step procedure for the
decellularization of organs and tissues.
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A multifunctional porcine peritoneum matrix for musculoskeletal regenerative medicine
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1
Regenerative, Modular Developmental Engineering Laboratory (REMODEL), Galway, Ireland，2SFI Centre for Research in Medical Devices (CURAM), National University of Ireland, Galway
(NUIG), Galway, Ireland，3Proxy Biomedical Ltd, Galway, Ireland

Collagen materials are extensively used in regenerative medicine and clinics. However, they still present limitations such as a monodomain
composition, poor mechanical properties, and the need of crosslinking. On the other hand, tissue grafts overcome most of these limitations. In
addition, although numerous tissue grafts are employed in hernia repair and wound care, their potential in musculoskeletal tissue engineering
has not been fully investigated. Herein, we ventured to assess the potential of a bi-phasic porcine peritoneum for musculoskeletal regenerative
medicine by comparing its characteristics with a commercial collagen scaffold employed in tendon.
Results indicated that the porcine peritoneum had higher mechanical properties and a lower crosslinking ratio while maintaining stability at
human body temperature. The porcine peritoneum was almost completely degraded by MMP-1 and MMP-8 after 24h, contrary to the collagen
matrix, which suggests a faster remodelling in vivo of the tissue graft. The histology and immunohistochemistry analysis showed a
multicomponent and organized structure in the porcine peritoneum, including basal membrane markers, elastin, fibrin, and collagen; compared
to only collagens type I/III and fibrin in the collagen matrix. These results confirm the multifunctional nature of the peritoneum tissue graft. Cell
studies on human tenocytes and fibroblasts showed the capability of the peritoneum to support cell growth. In addition, tenocytes had a slight
higher proliferation on the basal membrane, meanwhile they did not proliferate on the collagen matrix. ADSCs were able to grow on both
materials, however, proliferation was enhanced by the porcine peritoneum (p<0.01). Immune response by THP-1 showed an acute
inflammatory response by macrophages to the collagen matrix, contrary to the porcine peritoneum which triggered a mild reaction. Currently
an in vivo study in a rabbit flexor tendon model is being carried out to assess the potential of the graft for tendon repair.
This study shows the suitability of porcine peritoneum as an implantable device and its multifunctionality due to its heterogeneous
composition and structure. In addition, its multifunctionality provides higher cytocompatibility than a mono-domain collagen matrix with human
tenocytes and ADSC. Besides, its lower immune response in vitro suggests better remodelling in vivo.
Authors would like to acknowledge Viscus Biologics (Ohio USA) and SFI (Grant: 13/RC/2073).
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Matrix-derived Materials for Mediating Inflammation and EMT
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Fibrosis is the principal factor leading to progression and end-stage of many diseases, oftentimes leading to organ failure. Despite accounting
for greater than 45% of deaths in the western world, there are currently no available agents for directly targeting fibrosis. A common feature of
fibrosis across tissues is inflammation and epithelial injury manifesting as pathologic epithelial-to-mesenchymal transition (EMT). Recent data
suggests cryptic fragments of extracellular matrix (ECM) can moderate the activation state of macrophages and alter EMT gene expression and
mitigate downstream fibrosis. The aim of the present study was to determine the effect of an ECM derived components upon of innate immune
cell activation and the progression EMT. ECM was prepared by decellularization of cardiac, small intestine, and urinary bladder tissue and
hydrogels were prepared via enzymatic digestion. Murine bone marrow derived macrophages were cultured with ECM hydrogels derived from
different tissues (with and without polarizing cytokines) and phenotype was assessed by gene expression, secreted cytokine levels, and surface
marker expression. The ECM substrates and macrophages were also characterized by Raman spectroscopy. Epithelial cells were cultured with
ECM components and EMT was induced by addition of transforming growth factor beta (TGFβ). The effect of ECM on EMT was assessed by
matrix metalloproteinase (MMP) activity, gene expression, and immunolabeling. Raman spectroscopy revealed unique spectra for each of the
tissue-derived ECMs with small intestine ECM and urinary bladder ECM being more similar relative to cardiac ECM, indicating observable
differences in ECM based on source tissue and decellularization methods. Macrophages also showed unique Raman spectra dependent upon
the activation state. Macrophages treated with ECM hydrogel had a diminished pro-inflammatory response without altering expression of antiinflammatory markers. Epithelial cells grown on ECM hydrogel had reduced activity of MMPs alongside altered EMT gene expression. Despite
challenge with TGFβ, the cells retained expression of epithelial proteins when grown on ECM hydrogels. Results suggest that ECM contains
potential therapeutics for pathologic fibrosis as it contains components that can suppress both inflammation and EMT.
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Engineering of Cardiac Patch By Using Acellular Scaffolds To Repair A Myocardial Defect
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Cardiovascular disease and stroke still have a huge health, economic and social impact in the world [1]. Cardiac tissue engineering has been
studied for almost 20 years, nevertheless, engineered products have not entered into clinical yet due to the lack of functional cardiac tissue.
Recently, stem cells and acellular scaffolds have got so much attention in cardiac tissue engineering. However, in vitro microphysiological
systems are needed with chemical, electrical or mechanical stimuli to model functional cardiac tissue from stem cells. The aim of the study was
to engineer a cardiac patch by using acellular bovine scaffolds and stimulating the cardiomyocyte differentiation of MSCs with different
chemical, mechanical and electrical stimulations. With this purpose, decellularization procedure of bovine pericardia was carried out by using
different detergents and chemicals to remove the cells and optimize the pore sizes. On the other hand, isolated and characterized rat bone
marrow mesenchymal stem cells (MSCs) were seeded on sterilized acellular scaffolds and differentiated into cardiomyocyte cells inside the
bioreactor system simulating the beating heart by mechanical and electrical stimulations. To determine the effect of developed patches on
tissue repair, rat myocardial infarction model (MI) was developed and implantation was carried out. It was determined that early stage cardiac
specific transcription factors were expressed in bone marrow MSCs, seeded on 3-dimensional tissue scaffolds in optimal chemical
concentration (10 µM, 5-Azacitidine) and physical stimulation parameters (Voltage; 5V/cm, 3 ms; and strain; (% 5,1 Hz). It was concluded that,
chemical stimulation is not merely enough for cardiomyogenic differentiation of rMSCs. Hence, cardiomyogenic differentiation of MSCs and the
expression of cardiomyocyte biomarkers can be increased when synchronous mechanical and electrical stimulations are applied. It was
observed that in rat MI model, in compared to patches cultured in static culture condition, successful results were obtained and heart muscle
features were retrieved with low inflammation response for patches which were exposed to electromechanical stimulation. With respect to
neovascularization, there was no difference between the groups.
Acknowledgments
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Development of a Biological Liver Scaffold for Organ Replacement
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Extracellular matrix from the biological scaffolds can be used in regenerative medicine for organ replacement. The preservation of ECM
components has been shown to provide cues for cell differentiation and proliferation. Decellularisation of tissues is one of the techniques for
the development of a biological scaffold with preserved architecture and vasculature for bioengineered organs. Our study involved the
perfusion of rat liver through the portal vein for its decellularization. We used serially increasing concentration of SDS (0.1%-0.5%) and
TritonX100 for the complete removal of the cellular components. The resultant decellularised liver matrix was white and translucent with
visible vasculature. The Haematoxylin and Eosin staining showed no residual cells in the decellularized liver matrix. Whereas, the Masson’s
Trichrome staining showed the collagen fiber components with tubular structure of the liver ECM. These findings were confirmed by SEM
where no cells could be observed within the decellularised liver matrix. The extracellular matrix showed arrangements of collagen fibers with
lamellar structures with intact large and small vessels. Immunohistology revealed the presence of major extracellular matrix proteins like
Collagen type I, Laminin and Reticulins well indicating the preservation of structural and basement membrane components of the ECM in the
decellularised liver scaffolds. The residual DNA content was significantly decreased in the decellularized matrix as compared to normal
untreated rat liver tissues, 20±8 and 1896±224 ng/mg wet tissue respectively. Furthermore, collagen content was significantly high indicating
the development of an ideal biological scaffold. Hence, this study provides an innovative breakthrough in tissue reconstruction. In this
framework, the key challenge will be to repopulate the liver matrix with functional cells, along with its maintained vasculature to develop a
substitute for diseased non-functional livers.
Acknowledgment: Sincere thanks to Department of Science and Technology, SERB, Govt. of India for the financial assistance to carry out my
research work as post-doctoral fellow under National Post-Doctoral Fellow scheme (N-PDF).
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A Word of Caution – Challenging Decellularization with Established and Modified Treatment Protocols

Maximilian Grab1,2，Simone Mueller1，Fabian Koenig1,2，Christian Hagl1，Nikolaus Thierfelder1
Department of Cardiac Surgery, Ludwig Maximilians University, Munich, Germany，2Institute of Medical and Polymer Engineering, Technical Unviersity, Munich, Germany

1

Objectives:
Decellularization (DC) is a widely applied technique to produce acellular pulmonary artery roots for cardiac surgery. The aim of this study was
to evaluate four published detergent based DC procedures. Process modifications should help to optimize the protocols, if necessary.
Methods:
4 Detergent based DC protocols for pulmonary valves (each n=5) were reproduced exactly as described in previous publications 1-4. After
evaluation, processes were physically and procedurally modified (e.g. cyclic DC, circulatory system, ultrasonic exposure) in order to optimize
DC outcomes. An enzymatic (DNase and α-galactosidase) incubation step was added after the detergent incubation. Native and treated
samples were analyzed by scanning electron microscopy, histological evaluation, immunological staining, quantification of DNA and
glycosaminoglycan as well as tensile tests.
Results:
All reproduced protocols revealed unsatisfactory results and modifications were necessary for a successful DC. The scaffolds of the SD/SDS
treated group were completely decellularized, however showed severe ECM damages. Therefore, the length of the procedure was halved,
which resulted in successful DC and a preserved ECM. The published SD based procedure was not able to produce acellular valves. A changed
DC setup with a cyclic incubation scheme was necessary for a successful procedure. The published SD/Tx treatment did not lead to full DC as
well. Alterations to a cyclic protocol and a circulatory DC setup resulted in degeneration of the ECM. Further modifications and reduction of
the detergent concentration, finally resulted in acellularity while the ECM was preserved. All newly developed protocols showed significantly
reduced DNA concentrations - especially after nuclease treatment. The protocol using low concentration SD/Tx/IGEPAL was not able to
produce acellular scaffolds. As it showed only minimal treatment effects, no modifications were investigated.
Conclusion:
None of the published protocols led to a successful DC after exact reproduction of the described processes and modifications were
necessary. Therefore, we strongly recommend a careful interpretation of published protocols and a stringent quality control for all DC
processes.
1. Cebotari S. et al., Artificial Organs. 2010 Mar; 34(3):206-10
2. Zhou J. et al., Biomaterials. 2010 Mar; 31(9):2549-54
3. Syedain ZH et al., Ann Biomed Eng. 2013 Dec; 41(12):2645-54
4. Rieder E. et al., Circulation. 2005 May 31; 111(21):2792-7
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Decellularized Fetal Membranes: Naturally-derived materials improve ex-vivo expansion of mesenchymal stem
cells and form injectable gels for cell delivery
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The use of mesenchymal stem cells (MSCs) in clinical therapies is limited by the inadequate number of functional MSCs that can be delivered
to the injury site. Extracellular matrix (ECM) is a major component of the MSC niche and is critical for maintaining MSC functions. We produced
decellularised ECM (dECM) from human fetal membranes (amnion and chorion) and after solubilising the dECM, we coated tissue culture
plastic and tested if MSC functions were improved. Furthermore, we tested if the solubilised dECM (sdECM) could form a thermoreversible
hydrogel that can be used as a carrier system for MSC delivery.
We showed that cell culture substrates produced from amnion-derived sdECM improved several key functions of placental MSCs (pMSCs).
pMSCs were more proliferative on amnion-derived sdECM, than tissue culture plastic alone, and Matrigel (~ 1.7x and 1.3x higher, respectively).
pSMCs also were smaller in size and exhibited greater adipogenic differentiation capacity (~3.5x and 2.5x on sdECM compared to TCP and
Matrigel).
Additionally, sdECM formed injectable and thermoreversible hydrogels. Hydrogels produced from amnion-derived sdECM (8 mg/mL) improved
the proliferation of pMSCs (~2x compared to Matrigel). Additionally, pMSCs cultured on these gels exhibited greater adipogenic differentiation
efficiency as they contained a larger number of lipid deposits that were also larger in size.
In conclusion, we produced sdECM bioactive materials and showed they are promising cell culture substrates for ex vivo expansion of pMSCs,
and can act as a bioactive carrier system for the delivery of MSCs.
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Harnessing the native extracellular matrix for Periodontal Tissue Engineering
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Periodontitis is an inflammatory disease caused by bacterial biofilm (dental plaque) that leads to destruction of the tooth supporting tissues
(the periodontium).
Regeneration of the lost tissues is the ultimate goal of periodontal treatment but currently available techniques are unable to predictably
achieve this goal.
The aim of the project is to enhance the bioactivity of a polycaprolactone scaffold obtained by Melt Electrospinning Writing for periodontal
regeneration. To this end the PCL scaffold will be decorated with naturally deposited extracellular matrix (ECM) components.
As the periodontium is a complex structure made of different soft and hard tissues, a biphasic scaffold allowing specific bone and periodontal
ligament regeneration will be utilized.
Previous work within our group has shown that decellularized Periodontal Ligament cell sheets (PDLCs) have the potential for periodontal
regeneration. By combining this technology with 3D printing, we aim to replicate the complex structure of periodontal tissues. This study aim
optimizing a bone compartment to which PDLCs can be adjacently added before removal of the cellular components. 3D printed scaffolds are
loaded with osteoblasts, allowed to deposit bone-specific ECM. The impact of the incubation time of the construct on bone regeneration has
been studied both in vitro and in vivo using the optimized protocol for PDLCs decellularization.
This study allowed optimization of a construct for periodontal bone regeneration, allowing the development of a biphasic construct that can
be inserted into periodontal defects for host cell colonization. This approach could potentially generate an off-the-shelf clinical treatment for
periodontal regeneration.

1. Ivanovski, S., Vaquette, C., Gronthos, S., Hutmacher, D. W. & Bartold, P. M. Multiphasic scaffolds for periodontal tissue engineering. J. Dent.
Res. 93, 1212–21 (2014).
2. Farag, A., Vaquette, C., Hutmacher, D. W., Bartold, P. M. & Ivanovski, S. Fabrication and Characterization of Decellularized Periodontal
Ligament Cell Sheet Constructs. Methods Mol. Biol. 1537, 403–412 (2017).
3. Ivanovski, S. Periodontal regeneration. Aust. Dent. J. 54 Suppl 1, S118-28 (2009).
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The Development of a Decellularisation Protocol for the Intervertebral Disc for Disc Replacement
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Back pain places a huge burden on economies and negatively impacts quality of life. A major cause of back pain is the degeneration of the
intervertebral disc (IVD). Current treatments involving artificial replacements or vertebral fusion have poor outcomes. Decellularisation
technologies aim to remove DNA and other cellular components from tissues to produce an acellular scaffold. A decellularised IVD could be
used to replace degenerated IVDs and would not illicit an immune response upon upon implantation.
Protocol development was carried out on bovine tail IVDs. Decellularisation protocols, based upon the use of hypotonic low concentration
sodium dodecyl sulphate plus proteinase inhibitors with freeze/thaw and nuclease treatments, were applied to IVDs with vertebral bone (VB)
attachments. Changes were made to the basic protocol to improve method effectiveness of DNA and cell removal. Acetone washes,
sonication, increased solution volumes and reduction of VB volume were introduced incrementally. Method effectiveness was assessed
histologically (H&E, DAPI and Safranin O straining) and biochemically (DNA and glycosaminoglycan (GAG) assays).
Almost complete removal of whole cell nuclei from the inner and outer annulus fibrosus (iAF/oAF) was achieved. The region where the IVD
integrates into the VB (endplate/EP) and the notochord cell areas of the nucleus pulposus (NP) within the IVD, proved challenging to
decellularise; whole nuclei persisted in these areas. This is thought to be due to the dense collagen structure at the EP and the deep location
of the notochord cells which made penetration of the decellularisation solutions challenging. Introduction of sonication to the protocol and the
removal of excess VB resulted in a 91 % decrease in the total DNA content of the EP region to 29.3 ng.mg-1 dry weight tissue. The iAF and oAF
regions of the IVD were also decellularised to within the target value of 50 ng total DNA.mg -1 dry weight tissue. Encouragingly, the GAG
content (important for IVD compressive properties) was preserved in the NP.
Future work will concentrate upon applying the decellularisation protocol to human IVDs which are less cellular than the immature bovine
tissue used for protocol development and which are unlikely to contain notochord cells. Testing the effects of the decellularisation process on
the biomechanical performance of decellularised IVDs will also be investigated.
Research funded by the ERC (2012-StG-306615) and EPSRC (EP/L014823/1)
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Porcine acellular dermal matrix potentiate the paracrine function of adipose derived stem cells: An innovative
view of synergy between PADM and ADSC
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Background: ADM has been extensively used in plastic surgery. However, previous studies have shown that allogeneic and xenogenic ADM still
have immune responses after transplantation. To improve the repair quality of ADM, Q Liang, Tejaswi S et al researchers used ADM as the
carrier of ADSCs(adipose derived stem cells), taking advantage of its paracrine effect to prudcue immunomodulatory cytokines so as to
attenuate the immunological rejection of allogeneic or xenogenic ADM. Yet, the existing studies only focused on the properties of ADM as a
scaffold to regulate cell viability, proliferation or differentiation, the impact of ADM microenvironment on the paracrine effect of ADSCs has not
been reported so far.
Object: Here, porcine acellular dermal matrix(PADM) was used, and the paracrine behavior of ADSCs on the scaffold were investigated in
comparison to cell culture via conventional microplates.
Methods: Inguinal adipose was harvested for ADSC extraction. 100,000 ADSCs were seeded on polystyrene 24-well plates or on circular
scaffolds trimmed with the same size as the microwell. After cultivation for 24h, the total RNA of these samples was extracted and the gene
expression levels were analyzed using qRT-PCR. On the other hand, the supernatant was collected and the cytokines within was analyzed by
ELISA. The same supernatant was used to do the HUVEC proliferation assay.
Result: It was found that the ADSCs on the PADM produced significantly higher levels of anti-inflammatory and pro-angiogenic cytokines
compared to those cultured on microplates. At the same time, ADSCs cultured on PADM had higher stem gene expression than on
microplates. The enhanced modulatory effects of secreted products of ADSCs on PADM were also proven in the cultures of endothelial cells,
with PADM and microplates showing distinct influences on the paracrine function of ADSCs.
Conclusion: Our study demonstrates that PADM has the potential of modulating the paracrine function of cells. The discovery reveals a new
aspect of material functions, laying the foundation for further study of interaction between ADM and cells.
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Nadiah Sulaiman1,2，Andrew Bond1，Daniel Baz-Lopez1，John Joseph1，Vito Domenico Bruno1，Saadeh Suleiman1，Sarah George1，Raimondo Ascione1
Bristol Medical School, University of Bristol, RFLS, BRI, Bristol BS2 8HW, UK，2Tissue Engineering Centre, Universiti Kebangsaan Malaysia Medical Centre, Cheras, Kuala Lumpur, Malaysia

1

Background and Aims: Development of arterial-like vascular conduits is desirable for coronary artery bypass surgery (CABG). A potential
approach is the use of decellularised venous extracellular matrix (ECM) scaffolds, which can be re-seeded for implant. Our aim was to develop
a robust method of rapidly decellularising long segments of human saphenous vein (hSV) and assess suitability for arterial grafting in a porcine
model.
Methods: Excess hSV (n=3) harvested during surgery were divided in two and subjected to decellularisation with 0.01% sodium dodecyl
sulfate (SDS, v/v in PBS) by placing in a flow system or on a roller for 24 hours, followed by a wash period (2 x 24 hours, PBS). Prior to
decellularisation, a small piece of native tissue control was formalin fixed. In the flow system, veins were cannulated at either end and the
tubing and chamber primed with 120ml SDS which flowed through the hSV and recirculated around the outside continuously 6ml/min. In the
roller system, hSV were placed in a 50ml universal in 40ml SDS and rolled at 60rpm. Segments of hSV were fixed and paraffin-wax embedded
sections were used to quantify ECM proteins (elastin, collagen, glycosaminoglycans (GAGs)) and nuclei (haematoxylin) and assess elastin
organisation (elastic van Gieson; EVG). SDS concentration of tissue was quantified by methylene blue assay.
Results: There was no significant difference (p>0.05, mean ± SEM) between native, flowed or rolled tissue for elastin content (4.0±0.1, 3.3±
0.2, 3.4±0.4 ng/µg protein, respectively), collagen (0.032±0.007, 0.024±0.004, 0.021±0.005 ng/µg protein, respectively) or GAGs (0.67±
0.13, 0.42±0.02, 0.45 ± 0.009 ng/µg protein, respectively). However, EVG staining showed some elastin dis-organisation. The SDS content
within the tissue was not significantly different between flowed or rolled SDS (0.0007±0.0001% SDS/mg tissue and 0.0011±0.0005% SDS/mg
tissue respectively). Both flowed and rolled hSV showed a significant loss of haematoxylin nuclei staining, compared to native tissue.
Conclusion: The flowed and rolled decellularisation protocols removes cells from hSV without affecting ECM components. The flowing system
has the added benefit of being able to decellularise longer vein lengths, minimising handling damage before tissue engineering for coronary
arterial grafting.
Acknowledgements: We are grateful to the National University of Malaysia and the British Heart Foundation for funding this work.
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Decellularized Extracellular Matrix Based Bio-ink having an enhanced 3D printability
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Bio-ink needs to safely deliver living cells to a desired area and provide biological environments for regeneration of artificial tissue or organ.
These bio-inks should have proper rheological properties for precise patterning with living cells. It should also possess good cytocompatibility
to achieve a desired artificial tissue or organ. One of the methods for getting good biological properties is a mimicking biochemical
compositions of target tissue. In this aspect, tissue decellularization technic is actively applied to produce bio-ink. The decellularized ECM
(dECM) based bio-ink contains various bioactive molecules including collagen, GAGs and growth factors. Recent advances have showed that
the dECM based bio-ink has beneficial in the study of tissue engineering.
Generally, dECM bio-ink having hydrogel form was used for bioprinting. Its rheological properties are affected by various factors such as
concentration, tissue source and decellularization protocol. Because of these reasons, its rheological properties were unstable and its
mechanical property was too weak to use as bio-ink. Here, we introduce new strategy to prepare dECM bio-ink. A dECM powder was
prepared instead of hydrogel form. Then it was mixed with gelatin based bio-ink to apply into bioprinting process. Cytocompatibility and
patterning tests were conducted to evaluate the new material. Primary hepatocyte was encapsulated in the dECM powder based bio-ink then
viability and functionality were evaluated. The results showed that dECM powder based bio-ink has proper cytocompatibility as a novel bio-ink
for hepatocyte. Also, various 2D and 3D patterning and mechanical test conducted that our new bio-ink had an enhanced printability. Our
results successfully demonstrated that the new strategy can be applied in developing various types of dECM based bio-ink that supports good
biocompatibility and printability.
Acknowledgement
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It is known that hematopoietic stem cells (HSCs) reside in the microenvironment, and they are regulated their maintenance, proliferation and
differentiation by the microenvironment. The preparation of artificial microenvironment for hematopoiesis is needed as one of elements for
producing the blood. As the native microenvironment has complicated structure, it is difficult to construct the appropriate matrix artificially.
Therefore, we have focused on decellularized cancellous bones (DCBs) as an original matrix structure to find out the role of microenvironment.
Previously, we reported that the DCBs could induce the ectopic hematopoiesis in vivo, indicating that they act as the microenvironment for
hematopoiesis. DCBs consist of trabecular bone, adipose and reticular tissue. We hypothesized that the adipose tissue and reticular tissue play
important roles in hematopoiesis. In the present study, in order to clarify which is contributing as hematopoietic microenvironmental
component, we tried to remove adipose tissue from DCB with keeping reticular tissue. DCBs were perfused with hydrophobic solvent under
various conditions and were evaluated by mass measurement and histology. From mass measurement, adipose tissues were included in DCBs
at 30 w/w%. From H-E and oil red o staining, DCBs without adipose tissue could be prepared with keeping the 3D structure of trabecular
bones and reticular tissues. Therefore, it is revealed that ECM components separation would be applied for preparing the several scaffolds for
clarifying the ECM involved in hematopoiesis.

20

a93038

01-P042

Mechanically reinforced ECM scaffold for cartilage tissue engineering
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Scaffolds with cartilage-like environment and suitable physical properties are critical for tissue-engineered cartilage repair. In this study,
decellularized porcine cartilage-derived extracellular matrix (ECM) was utilized to fabricate ECM scaffolds. Mechanically reinforced ECM
scaffolds were developed by combining salt-leaching and crosslinking for cartilage repair. The developed scaffolds were investigated with
respect to their physicochemical properties and their cartilage tissue formation ability. The mechanically reinforced ECM scaffold showed
similar mechanical strength to that of synthetic PLGA scaffold and expressed higher levels of cartilage-specific markers compared to those
expressed by the ECM scaffold prepared by simple freeze-drying. These results demonstrated that the physical properties of ECM-derived
scaffolds could be influenced by fabrication method, which provides suitable environments for the growth of chondrocytes. By extension, this
study suggests a promising approach of natural biomaterials in cartilage tissue engineering.
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An injectable hydrogel derived from porcine articular cartilage for delivery system
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In situ gel-forming injectable scaffolds have been used for several tissue engineering applications such as drug delivery, injured tissue
treatment, and tissue reconstruction. Injectable hydrogels are promising substrates for therapeutic applications, owing to their targeted
delivery by minimally invasive techniques and their ability to easily fill defects in tissues. Natural materials derived from porcine articular
cartilage are composed of an extracellular matrix. The extracellular matrix provides not only high biocompatibility but also an environment in
which the cells can survive, supplying the growth factors necessary for cell growth and differentiation. Because of these features, immune
responses hardly occur. However, porcine articular cartilage has a short biodegradation period and poor mechanical properties. To overcome
these drawbacks of the naturally derived material, we prepared the porcine articular cartilage hydrogel as mechanical property and
degradation period controllable carriers through a biochemical cross-linking reaction.
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Epidural Fat Regeneration by Decellularized Matrix Scaffold- Riched Adipose Stromal Cell to Prevent Epidural Scar
Tissue Formation

Dina Aprilya，Ahmad Jabir Rahyussalim
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Epidural fibrosis causing failed back surgery syndrome remains the troublesome complication in spinal surgery. To prevent the syndrome,
closure of any dural defect must be attempted by adequately sealing the dural rent, preventing CSF leakage and facilitating dural
remodeling while preventing a fibroblastic response.
One of the promising techniques is regenerating the natural barrier against scar-tissue adhesion which is epidural fat layer. In the past, directly
put fat graft tissue to close the dural gap was not proven sufficient to prevent epidural scarring, thus regenerating that tissue in vitro enriched
by stem cells and inductive microenvironment is the current field of research in managing epidural fibrosis.
We conducted article searches by using computerized database of PUBMED and Google Scholar. After sorting based on the abstract,
excluding duplicate searches, excluding some of the articles according to the excluding criteria, and picking relevant reference article, as many
as 15 articles were finally obtained.
We reviewed the combination of adipose stromal cells (ASCs) and decelullarized adipose-derived matrix (DAM) as biomimetic scaffolds and
substrates of extracellular matrices (ECMs) which play an important role in the regulation of cell function and in the guidance of new tissue
regeneration.
Some issues still need to be covered on this new trending discovery. Comparative studies among type of fabricated scaffold to deliver the
ASCs, as well as combination of substances to optimalized the ideal dural shielding layer is needed. Further development regarding technique
to produce large volume of epidural fat tissue must also be considered. Additionaly, strategies to minimalize the need of additional exogenous
scaffolds, cells, and growth factors, including development of time and cost effective procedure with least morbidity is needed. Moreover,
further studies in vivo either in animal and human subjects with larger samples followed by evaluation after clinical implantation is necessary to
examine the feasibility in human population.
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Due to the large number of surgical procedures in recent years, adhesion prevention techniques and materials have been developed. For this
reason, many anti-adhesion materials have been developed, but these products are difficult to apply in precise locations or to control the
biodegradation period. In this study, a biodegradable polymer is synthesized to produce a cross-linked cartilage acellular matrix(Cx-CP) film
capable of controlling biodegradation period and mechanical properties. It was confirmed that the Cx-CP films can control the physical
properties through the tensile strength and the contact angle. We could confirm that the cells were hardly adhered through in vitro and in vivo
experiments for the evaluation of anti-adhesion test. In conclusion, we developed a Cx-CP film with adjustable mechanical properties for antiadhesive film.
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Kidney Regeneration Using Acellular Bio-scaffold After Partial Nephrectomy

Kazuki Tajima，Hiroshi Yagi，Hisanobu Higashi，Kazuya Hirukawa，Naho Murakawa，Rie Kinoshita，Kohei Kuroda，Sakiko Ito，Yuko Kitagawa
Department of Surgery, Keio University School of Medicine, Tokyo, Japan

Introduction:
Surgical resection is the gold standard for treatment of renal cell carcinoma, and partial nephrectomy (PN) is the treatment of choice for
tumors smaller than 4 cm in size.
However, chronic kidney disease (CKD) has always a considerable risk after PN and there is no definitive therapy to recover and reconstruct
resected kidney after surgery to avoid further renal dysfunction. In this study, we focused on the organ specific 3D structures, obtaining from
native porcine kidney by decellularization, which is a fundamental factor for cell recruitment, adhesion and proliferation after organ injury.
Methods:
The pigs weighing 15 kg were used for kidney harvest, and the renal arteries were catheterized. Subsequently, phosphate buffered saline and
sodium dodecyl sulfate solutions were perfused from the catheter for 24 hours, and finally acellular bio-scaffold of porcine kidneys were
secured. At mean time, PN were performed under general anesthesia, and the partially dissected acellular bio-scaffold was simply sutured onto
the surface of the resected kidneys. One month after surgery, functional analysis (angiography and urography) was performed, while
pathological study such as H.E. staining, immunohistochemistry and scanning electron microscopy were evaluated.
Results: One month after the surgery, the bio-scaffold has kept its 3D structure with massive cell infiltration. Angiography and urography
demonstrated that partly arterial blood flow and urinary tract was patent in the scaffold. H.E. staining showed that glomerular and tubules
structures in the bio-scaffold, and CD31 positive endothelial cells were observed around the glomerular structures. In addition, immature and
mature nephron structures were observed in the scaffold, suggesting that the native kidney scaffold promoted nephrogenesis.
Immunohistochemistry showed that there were some nephrin or AQP1 positive cells were observed. In addition, scanning electron microscopy
revealed the podocyte like cells morphologically in the glomerular-like structures by showing foot processes, and also brush borders, which is
specific structure for proximal tubule were observed in some tubule-like structures in the scaffold.
Conclusions: Our results demonstrated that the organ derived acellular bio-scaffold may have a potential to support kidney regeneration after
PN in construction and function.
Further study is needed to clarify the specific mechanism of kidney regeneration in this bio-scaffold.

a92227

01-P047

Effects Of Sterilisation Strategies On The Biological And Physical Properties Of Decellularised Nerve Grafts
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Decellularised porcine peripheral nerves have been developed for use in surgical repair procedures. To enable clinical translation of
decellularised xenogeneic nerves, a compatible sterilisation method must be identified.
Groups of decellularised nerves were sterilised using 0.1% (v/v) peracetic acid (PAA), γ -irradiation (25 kGy), E-Beam (33 kGy) and
supercritical CO2 (1436 PSI, 35 °C; SCCO2). An additive solution (13.5 % - 18.5 % PAA, 4.5 – 6 % H2O2) was used during SCCO2 treatment.
Untreated decellularised nerves were included to provide baseline data. The effects were determined by histological staining, antibody
labelling for key basement membrane components (collagen IV, laminin and fibronectin), uniaxial tensile testing, contact cytotoxicity,
quantitative biochemical analysis (collagenase susceptibility, collagen and denatured collagen content) and differential scanning calorimetry
(DSC).
No changes were observed to cytotoxicity or biochemical properties following sterilisation. The Young’s Modulus of decellularised nerves was
increased following SCCO2 treatment. Histology revealed some structural disruption to the endoneurium following PAA treatment. Labelling for
collagen IV was less intense following γ -irradiation and E-Beam, and was absent in nerves treated with PAA or SCCO2. Laminin and fibronectin
exhibited strong localisation to the endoneurium and perineurium in all groups except for nerves treated with SCCO2, where both epitopes
exhibited a diffuse distribution. Significant differences in transition temperature were seen following all treatments, with SCCO 2 and PAA
equivalent.
The changes observed following PAA and SCCO 2 treatment could negatively impact neuroregeneration. The tubular structure of the
endoneurium provides physical support to regenerating neurons. The endoneurial basement membrane enables Schwann cell attachment and
axonal regeneration. Loss or degradation of basement membrane components may therefore impede myelination, and ultimately functional
restoration. PAA is present in the SCCO2 additive solution, and therefore there may be a similar chemical effect in both groups. Preliminary data
suggested basement membrane preservation is improved when the SCCO2 process is carried out under submerged conditions; this is worthy of
further investigation. γ -irradiation and E-Beam appeared to cause no significant alteration to physical or biological properties, indicating
potential for application to decellularised nerves.
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Preclinical Evaluation of the Silk-Based Sheath for Enhanced Osteointegration of Tendon Graft in Anterior
Cruciate Ligament Reconstruction

Thomas Kok Hiong Teh1，Si-Ning Png1，Pujiang Shi2，Xiafei Ren3，James Hoi Po Hui3，Jun Li1,2，James Cho Hong Goh1
1
Department of Biomedical Engineering, National University of Singapore, Singapore，2Institute of Materials Research and Engineering Agency for Science, Technology and Research (A*STAR),
Singapore，3Department of Orthopaedic Surgery, Yong Loo Lin School of Medicine, National University of Singapore, Singapore

Surgical reconstruction with tendon graft remains the gold standard treatment for Anterior Cruciate Ligament (ACL) ruptures. With less than
optimal osteointegration of the tendon graft a common problem; we propose the use of an osteoconductive sheath. This silk fibroin (SF) based
sheath is loaded with nanoparticles of low crystallinity hydroxyapatite (nHA), and is sleeved onto tendon autografts to complement their use
and promote enthesis formation. The osteoconductive sheath has been shown to be efficacious in our bench studies and is subsequently
studied in the large animal model. All animal experiments were approved by the respective institutional IACUC. After 9 months post
reconstruction, the reconstructed ACL remained taut and did not fail (rupture or pullout) through the 9 months study in all 33 animals.
Cartilage of test group (with sheath) remained pristine and clear of cartilage erosion, while cartilage thinning was observed in some control
specimens (without sheath). The enhancement in osteointegration of tendon autograft was evident in the test group as multiple small foci of
mineralization were identified within the femoral and tibial ends of the graft from as early as 1-month post reconstruction. By 9 months, distinct
fibrocartilage zones were observed in both test and control groups with the test groups exhibiting significantly thicker fibrocartilage bands
compared to control (n=6). Interestingly, tensile test results showed that the sheaths enhanced graft tensile strengths and had provided a
protective effect on the tendon grafts. The evidence came from both test and control groups failing at the tendon mid-substance, with the test
group significantly stronger than the control (n=5). We have developed a tissue interface augmentation and regeneration device that addresses
the poor osteointegration of tendon graft within the tunnel by augmenting conventional tendon/ligament reconstruction therapies. With
minimal disruption to current practice, the scaffold will shorten recovery time, promote an earlier return to daily activities, work and sports, and
reduce the need for corrective surgeries caused by graft bond failures.
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A Novel Pro-Angiogenic Fibrin-Alginate Technology for Repair and Regeneration of Multiple Tissues

Vaibhav Sharma1,2，Stuart Brown1,2，Nupur Kohli1，Lilian Hook2，Elena Garcia-Gareta1,2
1
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In this abstract we would like to introduce a novel patented technology developed in our laboratory based on a fibrin-alginate mesh that is
pro-angiogenic and shows excellent cell attachment and infiltration properties, making it an ideal technology for repair and regeneration of
multiple tissues. The first product developed using this technology is a dermal replacement scaffold called Smart Matrix® that is under clinical
development at the spin-out company Smart Matrix Ltd. Extensive in vitro and in vivo analysis has shown that Smart Matrix® allows a rapid
initial infiltration of cells and blood vessels1,2. The clinical trial will assess its performance in treating full thickness skin wounds without the use
of a skin graft. Advantageously, the fibrin-alginate mesh can also be combined with synthetic polymers, either inert (i.e. silicones) or bioactive
(i.e. polycaprolactone, PCL) in various shapes (sheets, 3D structures). A novel two-component dermal scaffold for the treatment of pressure
sores was designed using a polydimethylsiloxane backing membrane to make the fibrin-alginate dermal scaffold more robust3,4. Moreover, the
fibrin-alginate mesh can be combined with 3D electrospun PCL structures for the treatment of non-union fractures: the pro-angiogenic
properties of the resulting PCL/fibrin-alginate composite scaffold were increased compared to PCL alone as shown by an ex ovo chorion
allantoic membrane (CAM) assay. PCL/fibrin-alginate scaffolds are currently being tested in a rat model. Moreover, the fibrin-alginate mesh has
been modified by introducing an osteogenic element into the mesh to be used as a bone void filler at spinal fusions, after bone cancer
resection or to fill alveolar bone defects. Future development of the fibrin-alginate technology will see its combination with 3D printing
technology for development of custom-made implants. All the work described in this abstract has been done in collaboration with scientists
from renowned academic institutions from all over the world, clinicians, and industry.
References:
1. García-Gareta et al. Bioresearch Open Access 2(6), 412, 2013.
2. Sharma et al. Biomedical Materials 11, 055001, 2016.
3. Sharma et al. Biochimie Open 1, 40, 2015.
4. Sharma et al. Macromolecular Bioscience 1700185, 2017.
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An Ultrapurified Alginate gel on an Acellular Scaffold for Cartilage regeneration: a Pre-clinical Animal Study

Tomohiro Onodera，Rikiya Baba，Masatake Matsuoka，Norimasa Iwasaki
Hokkaido University Graduate School of Medicine

We aim to evaluate the repair of articular cartilage defects by using ultrapurified alginate gel (UPAL gel) gel in canine as a pre-clinical animal
study. Forty osteochondral defects were created in 10 beagle dogs. The defects were divided into four groups; a 3.0 mm diameter defect
group, a 3.0-mm diameter defect with UPAL gel group, 5.0-mm diameter defect group and 5.0-mm diameter defect with UPAL gel group. The
reparative tissues at 27 weeks postoperatively were assessed through gross and histological analyses. The total histological score in the UPAL
group was significantly higher than that in the control in 3.0-mm diameter group. Regarding the 5.0-mm defect groups, the macroscopic score
and histological score in the UPAL gel group were significantly higher than those in the control group. The implantation of UPAL gel enhanced a
cartilage repair in canine. Although UPAL gel significantly enhanced osteochondral repair, the reparative tissues of the large defects with UPAL
gel showed fibrocartilage tissue.
In order to improve the reparative tissue, we subsequently evaluated the effects of a bone marrow stimulation technique augmented by UPAL
gel in a canine osteochondral defect model. 108 osteochondral defects were created in 27 beagle dogs (two defects in each knee). For the
bone marrow stimulation technique, five holes (1.0 mm in diameter) were drilled into the defect. The total 108 defects randomly assigned to
one of three groups (n = 36 defects in each) as follows: defects without intervention; defects with bone marrow stimulation technique; and
defects with bone marrow stimulation technique augmented by UPAL gel. At 27 weeks postoperatively, macroscopic and histological
evaluation including collagen orientations, micro-CT evaluations for subchondral bone repair and mechanical testing were carried out.
Compared with a bone marrow stimulation technique alone, this technique significantly improved the histological findings and the mechanical
property. Our results suggested that the augmentation by UPAL gel would enable to expand an operative indication of a bone marrow
stimulation technique for larger defects in clinical situation. The obtained data will give support to the clinical reality of a 1-step, minimally
invasive, cartilage tissue reparative medicine without harvesting donor cells.
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Histo-morphological analysis of acellular dermal matrix after implantation in the human body
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Acellular matrices are used for various purposes and they have been studied extensively for their potential roles in regenerating tissues or
organs. The acellular matrix generates physiological cues that mimic the native tissue microenvironment. Acellular dermal matrix (ADM) is a soft
connective tissue graft generated by a decellularization process that preserves the intact extracellular skin matrix. Upon implantation, this
structure serves as a scaffold for donorside cells to facilitate subsequent incorporation and revascularization. In breast reconstruction, ADM is
used mainly for lower pole coverage and the shaping of a new breast. It helps control the positioning of the implant in the inframammary fold,
and prevents the formation of contractile pseudocapsule around the breast implant. In our study, we provide a comprehensive histological
description of ADM used for human breast reconstruction over the course of several months following implementation. Using
immunohistochemical methods (a panel of 12 antibodies) coupled with optical and transmission electron microscopy, we confirmed that the
original acellular dermal matrix became recolonized by fibroblasts and myofibroblasts, and also by various other free cells of the connective
tissue (lymphocytes, macrophages and multinu- cleated giant cells, granulocytes, mast cells) after implantation into the patient’s body.Within
the implanted ADM, there was a relatively rapid ingrowth of blood vessels. Lymphatic vessels were only detected in one case 9 months after
the implantation of the ADM. These results suggest that lymphangiogenesis is a longer process than angiogenesis.
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Mid- and long-term evaluation of REDV-modified small-diameter acellular grafts
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[Introduction] Our research group demonstrates an excellent patency of the peptide-modified acellular grafts measuring 20-30 cm in length
and having 2 mm inner diameter as femora-femoral crossover bypass in minipig transplantation model1. We revealed that microthrombus
formation on the graft surface was suppressed by the REDV peptide-modification. Moreover, the endothelialization was observed in one week
after transplantation. These features might contribute to not only graft patency but also initial tissue regeneration process of the vascular grafts.
However, the recellularization process in the tunica media were not well elucidated. In this presentation, we discuss the recellularization
process of the intima and tunica media of the decellularized graft by using short and long-term transplantation model. [Materials and Methods]
The vascular graft was transplanted into minipig and goat femoral artery. After the transplantation tissue regeneration was evaluated by
immunostaining with antiCD31, CD105, CD34, and Flk-1 antibody. [Results] After 3-month transplantation, cells were detected in the medium
layer of the graft. These cells expressed the αSMA but the expression level was low as compared with the native blood vessel. Endothelial
layer expressed CD31 and CD105 but not CD34 and Flk-1 which are endothelial progenitor markers. Twelve-months later, αSMA-positive cells
were uniformly aligned in the tissue, and stable vWF positive layer was observed in intimal layer. [Conclusion] The endothelial layer was
formed on the graft by the action of endothelial progenitor cells, and tunica media were formed in three months. [Acknowledgements] This
research was supported by the Intramural Research Fund of National Cerebral and Cardiovascular Center (22-2-4) and the S-Innovation Project
of AMED. [References] 1. Mahara A, Somekawa S, Kobayashi N, Hirano Y, Kimura Y, Fujisato T, and Yamaoka T. Biomaterials 58, 54, 2015.
[Conflict of interest] The authors declare that they have no conflict of interest.
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Investigate biocompatibility of decellularized porcine coronary artery for vascular tissue engineering
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Decellularized xenogenic vascular tissue has potential in vascular surgery application. Theoretically, decellularization removes most of
xenogenic antigen and leave intact extracellular matrix for cell adhesion, proliferation and migration. There are several methods for vascular
tissue decellularization and the most common is enzyme-detergent method. Both mechanical property and biocompatibility are crucial and
should be for evaluated.
In this study, we analyzed biocompatibility of decellularized porcine coronary artery both in vitro and in vivo. The porcine artery was
decellularized with trypsin and Triton X-100. In vitro, the result showed human adipose stem cells and umbilical vein endothelial cells could
adhere and proliferate on the decellularized porcine coronary artery scaffolds. Furthermore, ASCs could successfully differentiate to smooth
muscle cell in the scaffold. In vivo, rat abdominal aorta repair model showed that decellularized porcine vascular tissue could achieve about
50% successful rate. Macroscopically, the lumen was patent with slight dilatation at patch site. The Doppler ultrasound confirmed patent flow
in repair site. Gross examination showed thin layer of mural thrombi coating at luminal side. But there was poor endothelialization at luminal
side of patch at Day 30. For adipose stem cell seeded scaffolds, the animals all survived and there was partial endothelialization at luminal side
at Day 30.
Preliminarily, we found that decellularized porcine coronary artery could provide human cell proliferation in vitro and showed biocompatibility
in vivo. Future study will focus on improving endothelialization and tissue remodeling.
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Development of decellularized nerve allograft using detergent and nuclease
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Recently, great interest has been shown in the development of effective alternatives to nerve allografts for the management of peripheral nerve
injury. The aim of this study was to create an acellular rat sciatic nerve using a novel decellularisation protocol, in order to eliminate the
immunogenic cellular components of the tissue, while preserving the basal lamina and extracellular matrix (ECM).
Rat sciatic nerves were decellularised using ① nonionic detergent-amphoteric detergent, ② nonionic detergent-anionic detergent, ③ anionic
detergent-amphoteric detergent, ④ nonionic detergent-Dnase/Rnase, ⑤ amphoteric detergent-Dnase/Rnase and ⑥ anionic detergent-Dnase/
Rnase. All decellularization involved DW for 7h and detergent for 24h containing protease inhibitor followed by a 72h washout in phosphatebuffered saline. Nuclease decellularization consisted of Dnase/Rnase at 37℃ for 24h.
To evaluate decellularization, six different techniques were compared with respect to remaining cellular components (H&E staining, DAPI
staining and DNA content) and extracellular matrix structural integrity (H&E staining, laminin immunostaining and collagen content) by using rat
sciatic nerves. Nerves processed using ①nonionic detergent-amphoteric detergent, ②nonionic detergent-anionic detergent, ③anionic
detergent-amphoteric detergent resulted in incomplete removal of cellular material. Nerves processed with the use of detergent plus Dnase/
Rnase( ④ ⑤ ⑥ ) successfully removed all cellular material; however, only the ⑥amphoteric detergent-Dnase/Rnase treatment kept the
extracellular matrix completely intact. All protocols maintained collagen content but anionic detergent- based methodology ( ② ③ ⑥ ) showed
lower level of hydroxyproline as compared with the other protocols. Contact cytotoxicity assay revealed that the amphoteric detergent-Dnase/
Rnase method was not cytotoxic. The amphoteric detergent-Dnase/Rnase treated nerves retained major extracellular matrix components after
cell removal and preserved the structure and biocompatible property.
This study showed that amphoteric detergent-Dnase/Rnase protocol is the most promising method to produce decellularized nerve graft.
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The Effect of Gamma Irradiation Dose on the Histoarchitectural and Physical Properties of Decellularised Heart
Valve Roots

Helen E Berry
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Decellularisation has emerged as a promising approach for generating biological scaffolds for heart valve replacements that provide close to
native properties, reduced immunogenicity, and have the potential for cellular regeneration and tissue growth. Current decellularised heart
valve options are produced using aseptic techniques. Introduction of a robust terminal sterilisation process would provide a superior sterility
assurance level and improved production efficiency; consequently enhancing patient safety; facilitating translation to commercial production,
and promoting clinical adoption of decellularised heart valves.
This study investigated the effect of a range of industry relevant gamma irradiation sterilisation doses (15 kGy, 25 kGy and 50 kGy) on
decellularised porcine pulmonary heart valve root (dPHV) histoarchitecture and physical properties using histology (n = 3); differential scanning
calorimetry, collagenase resistance assay, and denatured collagen quantification (n = 6). Non-irradiated dPHV were used as the control group.
Specimens analysed were taken from valve cusps and pulmonary conduit wall.
Scaffold resistance to digestion by collagenase decreased with increased irradiation dose. The concentration of protein released from dPHV
cusp and conduit specimens was significantly higher in all irradiated groups compared to controls. Denatured collagen content of cusps was
significantly higher in the 25 kGy and 50 kGy groups. Thermal transition temperatures were significantly decreased for cusp and conduit in all
irradiated groups, in a dose dependant manner for conduit. Histologically, reduced staining of glycosaminoglycans was observed following
irradiation, with variable disruption of collagen and elastin fibres in both cusps and conduit.
The biological and functional consequences of changes in dPHV properties induced by irradiation remain to be elucidated. These preliminary
data highlight the importance of using multiple analysis techniques to interrogate the impact of sterilisation techniques on properties of
complex decellularised biological scaffolds. On-going studies are aimed at increasing the understanding of dPHV physical, biological and
ultrastructural properties to allow novel sterilisation strategies and mitigation measures to be developed.

27

a92146

01-P056

A toolbox of single factors and their influence on successful decellularization processes
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Introduction:
Today decellularization (DC) is one of only a few approaches in regenerative medicine already used for clinical implants. DC is a multifactorial
process with physical, biological, chemical and procedural influences. In this study, we identified for the first time the impact of single factors
on the complex DC process.
Methods:
Different detergents (SD, SDS, Triton-X; individually and combined), treatment procedures (time, cyclic vs. continuous, washing steps), physical
factors (shaking, flow, perfusion, temperature, ultrasound) and various sterilization methods (5 chemical, one biological and 2 physical) were
evaluated. Additionally, enzymatic incubation (α-Galactosidase, DNase) was evaluated. By changing only one factor at a time, their individual
impact on the DC process was measured. As test materials (n=5/group), porcine valves and vessels, bovine pericardium as well as homograft
valves were taken. Finally, the most effective factors were combined to create a progressive and individual DC protocol for every material.
Scanning electron microscopy, standard and immunological staining methods, tensile testing, nucleic acid and glycosaminoglycan quantification
as well as biocompatibility assays were used for scaffold evaluation. For sterility assessment samples were incubated in 2 specific microbiotic
media.
Results:
Vectored flow (if possible by perfusion), ultrasonic exposure and treatment at room temperature are physical factors with a highly significant
influence on DC. Cyclic procedures and enforced washing are procedural methods supporting DC efficiency significantly. A combination of SD/
SDS (each 0.5%) is the most advisable detergent. Enzymes showed supporting effects depending on the material. Sterilization of the biologic
scaffolds was challenging and only a combination of peracetic acid and octenidine resulted in sterile and intact samples. Tensile tests revealed
high variations within the native and processed biologic scaffold groups. Reasonable combination of the factors resulted in a significant increase
of DC efficiency – specific protocols for the investigated materials were established.
Conclusion:
By a comprehensive evaluation of single DC factors we established a toolbox to create individual, material specific DC protocols. However,
natural variation and final sterilization of DC tissues are big challenges for a successful scaffold production.
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Designer Leucine-Zipper hydrogel for Tissue Repair and Regeneration

ANNE GEORGE，Sriram Ravindran，Chun-Chieh Huang
University of Illinois at Chicago

A common theme in biomineralization is the intimate interaction between the organic and inorganic phases and this leads to the unique
properties seen in biological materials. ECM of mineralized matrix not only provides the structure but also signaling cues for cellular
proliferation and differentiation. Molecular self-assembly presents a very attractive strategy to construct nanoscale materials. The DNA binding
leucine zipper proteins contain a self-assembling leucine zipper (LZ) domain. Upon elevation of the pH, temperature or ionic strength the LZ
domains reversibly dissociate and create a viscous solution. The reversible assembly makes the leucine zipper domain to facilitate the
formation of physical crosslinks in hydrogel structures. In designing the second-generation chimeric LZ protein, we have introduced several
cysteine residues in the polypeptide to enable the formation of intermolecular disulphide bonds, which would effectively cross-link the
nanofibers. Cryo-SEM showed that the introduction of cysteines were effective in promoting nanofiber networks. In order to exploit the use of
LZ polypeptides in hard tissue engineering we have designed a LZ polypeptide with the hydroxyapatite nucleating domains from dentin matrix
protein 1 (DMP1). Two HAP nucleating domains (ESQES and QESQSEQS) were incorporated into the LZ hydrogel. We report that HMSC cells
on mineralized LZ-DMP1 hydrogel could undergo faster osteogenic differentiation when compared with the control. As the LZ hydrogel is
tunable, we incorporated cues permitting angiogenesis during tissue regeneration. For this heparin-binding domain with MMP-2 cleavage site
was introduced into the LZ-zipper backbone. The heparin-binding domain could bind growth factors such as VEGF, TGF-β1 and BMP-2 and
controlled release of active growth factor could be anticipated both in vitro and in vivo. The growth factors could be released via proteolytic
cleavage through the designated MMP-2 cleavage site. In this study two heparin-binding growth factors TGF-β1 and BMP-2 were evaluated in
vivo. Results showed that both proteins remained active when released and influenced HMSCs fate showing the feasibility of this approach.
Overall, we have shown that LZ, a self-assembling peptide can be utilized for enhancing mechanical property as well as provide signaling cues
during the process of tissue regeneration or repair.
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Engineered phage nanofibers induce Angiogenesis

So Young Yoo1,2，Su-Nam Jeong1，Kshitiz Raj Shrestha1，Jeong-In Kang2
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Angiogenesis can be considered a hallmark for healing wounds and curing various ischemic diseases because therapeutic opportunities can be
envisaged by achieving a vascular niche. Recently, nanofibrous structures of M13 phages have been considered as ECM-mimicking nanofibers,
and have been used after chemical or genetic modification with cell signaling peptides as novel tissue engineering matrices to direct the
desired cellular functions. Here, we employed bioinspired M13 nanofibers comprising extracellular and vascular niches and investigated their
potential in inducing neovascularization as a treatment for ischemic diseases. An engineered phage nanofiber (expressing SDKP and RGD) can
act as an angiogenic factor and an extracellular component at the same time, if we display angiogenic and/or integrin binding peptides
together on its body, thereby providing phage angiogenic niches, and interacting with endothelial cells to induce angiogenesis. We found that
cell viability, migration, elongation, and angiogenesis were predominantly affected by nanofibrous structures (topological cues) of the
engineered phages, providing a therapeutic platform for providing therapeutic biochemical cues using specific peptide expression on phage
coat proteins. The phage structure has many advantages for creating a therapeutic platform, that is, “a niche. Our engineered phage nanofiber
provides an angiogenic niche with therapeutic potential for future regenerative medicine applications.[This research was supported by a grant
of the Korea Health Technology R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by the Ministry of Health
& Welfare, Republic of Korea (H16C1067)]
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Hydrogel  control the amount and distribution of host myeloid cells for vesculogenesis and angiogenesis
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In the last decade, different approaches have already been explored to date to improve vascularization. To decrease the time that is needed to
vascularize an engineered tissue, the timeliest strategy is the uses of a suitable hydrogel as scaffold incorporated with endothelial colonyforming cells (ECFCs) and mesenchymal stem cells (MSC), but how to precisely and timely control the direction, width and length of
bioengineered functional vasculature anastomosed with host is still a problem. Recent studies have shown that host non-inflammatory myeloid
cells mediate the engraftment of bioengineered vascular networks, so developing a biomaterial to control and manipulate host myeloid cells
into biomaterials could control of vascular network formation. In this study, we developed the hydrogel with different microstructures through
different chemical bonds to control the amount and distribution of host myeloid cells. Results demonstrated that microstructure of hydrogel
could induce the different degrees of hypoxia and stimulate cytokines and growth factor release of encapsulated ECFCs and MSC that further
regulate the number and distribution of host myeloid cells infiltrating into the hydrogel. By using this inducible hypoxia hydrogel we can control
the formation of bioengineered functional blood vessels in vivo.
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Therapeutic Hind Limb Regeneration Using a Non-Regenerative Ischemic Mice Model
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Prevalence of diabetes is increasing and which is resulted from increasing population of obesity and aged people. A report issued by
International Diabetes Federation showed that in 2014 the population of people with diabetes has reached 387 million (8.3%prevalence) and
is expected to rise to 552 million (9.9% prevalence) by 2030. Diabetic foot ulcer is a major complication of diabetes mellitus, and it occurs in
15% of all patients with diabetes and 39%-68% of the population progresses to lower leg amputations. In order to improve the life quality and
reduce the economic burden for patients, we have developed a therapy to prevent amputations. Since the hind limb regeneration was often
observed in the reported ischemic mice model, we first developed a non-regenerative hind limb ischemic mice model. To mimic physiological
condition in aged diabetic patients, more than 8 months old C57BL/6 mice were injected with streptozotocin to induce diabetes (blood
glucose > 400 mg/dl). A severe ischemic murine model established in our lab to reduce the influence of spontaneous vascular regeneration
were applied on the diabetic mice. The condition was similar to aged patients with a low level of vascular regeneration especially in the
diabetes patients with impaired vessel angiogenesis function. In the model, distal femoral artery, proximal femoral artery and also sub-artery of
femoral artery, superficial epigastric artery, profunda femoris artery and superficial femoral artery were ligated and removed in the hind limb.
The gel was injected in the leg near formal ligation site. We have proved therapeutic effects of our tissue gel on the regeneration of hind limb
after a severe ischemic treatment on mice.
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Temperature-dependent Affinity Binding of Heparin-binding Growth Factors and Cells with a Heparinimmobilized Thermoresponsive Surface

Jun Kobayashi，Yoshikatsu Akiyama，Masayuki Yamato，Teruo Okano
Institute of Advanced Biomedical Engineering and Science, Tokyo Women's Medical University, Tokyo, Japan

Heparin-immobilized thermoresponsive poly(N-isopropylacrylamide) (PIPAAm)-grafted cell culture surface was designed for stimulating cellular
receptors and nonenzymatic recovery of cultured cells as a contiguous sheet.1 Immobilized heparin molecules on shrunken PIPAAm were able
to capture heparin-binding proteins such as heparin-binding EGF-like growth factor (HB-EGF). In addition, the cultured cells were recovered as a
sheet when lowering temperature to 20°C. In this study, temperature-dependent affinity among cultured cells, HB-EGF, and heparinimmobilized thermoresponsive cell culture surfaces was examined. First, the half maximal effective concentration (EC 50) was measured by ELISA
method. The EC50 between HB-EGF and immobilized heparin at 20 °C and 37 °C were 3.6 nM and 2.1 nM, respectively. This was probably
because HB-EGF penetrated grafted PIPAAm network with no steric hindrance regardless of the swelling/shrinking of the grafted PIPAAm. In
addition, the inhibitory adhesion of hepatocyte with soluble EGF was conducted on the HB-EGF bound heparin-immobilized thermoresponsive
cell culture surfaces. At 37°C, the adhesion of hepatocytes was inhibited with increasing soluble EGF. This result suggested that hepatocytes
adhered partially via affinity between immobilized HB-EGF and EGF receptor. At 20°C, by contrast, hepatocytes hardly adhered regardless of
soluble EGF, indicating that there was no affinity between immobilized HB-EGF and EGF receptor. Therefore, the affinity between the receptors
and immobilized HB-EGF was considered to be attenuated by steric hindrance due to hydration and/or swelling of PIPAAm. When temperature
was changed from 37°C to 20°C, however, a cultured hepatocyte sheet detached with HB-EGF, indicating that HB-EGF might bind to the EGF
receptors, and affinity between HB-EGF and immobilized heparin was ruptured. Because the detachment of hepatocyte sheets was complex
phenomenon including non-steady changes in hydration of grafted PIPAAm and morphology of hepatocytes, further investigations into dynamic
changes was required for revealing the detachment process triggered by lowering temperature.
Reference: 1. Arisaka Y, et al. Regen Ther 3, 97, 2016.
Acknowledgments: Teruo Okano is a founder and a member of the board of CellSeed Inc., which has licenses for certain cell sheet-related
technologies and patents from Tokyo Women’s Medical University. Teruo Okano and Masayuki Yamato are stakeholders in CellSeed Inc.
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Stem cell spheroids incorporating functionalized fragmented fibers for effective bone regeneration
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Stem cells have potentials to be used in many approaches for bone regeneration. To deliver stem cells to bone defects, direct injection or cells
with scaffolds have been generally used. However, these methods have limitations such as the potential inflammation from degraded materials
and uncontrolled differentiation of cells. To overcome these problems, stem cell spheroids have been highlighted because the cells in 3
dimensional (3D) environment can maintain the higher stemness and represent diverse differentiation capacity. Furthermore, to mimic the
functions and micro-environment of host bone tissue, integration of functionalized ECM mimicking polymers in the spheroid with cells was
performed. The polymers can increase the stem cell functions such as osteogenic differentiation and vascularization, important signaling
pathways for bone regeneration.
Herein, we developed the spheroids incorporating functionalized fragmented fibers combining human adipose-derived stem cells (hADSCs).
The fibers were coated with polydopamine and gelatin for stable mineralization on the surface of the fibers by using simulated body fluid (SBF)
mineral solution. Then, we immobilized the platelet-derived growth factor (PDGF) to increase proliferation of hADSCs, the osteogenic
differentiation and the secretion of angiogenic factor. After the fabrication of functionalized fibers, we confirmed the immobilization of PDGF
and fabricated sphere-shaped spheroids that incorporated 20,000 cells of hADSCs and 10 µg of the fibers. Then we characterized the
morphology and functions of the spheroids. The fibers in spheroids were homogeneously distributed and performed multi-functions that further
induced osteogenic differentiation, angiogenic factor secretion and increased the proliferation. Finally, we integrated the human umbilical vein
endothelial cells (HUVECs) for synthesize co-cultured spheroids. The co-cultured spheroid incorporated with the functionalized fibers
demonstrated the multi-functional properties that induce osteogenic differentiation and simultaneously induce vascularization which were
needed for bone regeneration. In conclusion, our spheroids successfully mimic host bone tissue and can be used as bone regeneration. Also,
the spheroids are used as micro-bone organoid that may be used for diverse therapeutics and diagnosis of bone defects.
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Differential Release of BMP2 and VEGF from a Biomimetic Nanofibrous Scaffold
Enhances Bone Regeneration in Critical Sized Calvarial Defects

Shruthy Kuttappan1，Jun-ichiro Jo2，Deepthy Menon1，Manitha B Nair1，Yasuhiko Tabata2
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Amrita Center for Nanosciences and Molecular Medicine, Amrita Institute of Medical Sciences and Research Center, Cochin, India，2Department of Biomaterials, Institute for Frontier Life and
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The natural process of bone tissue regeneration involves the co-ordination of osteogenic and angiogenic growth factors at the defect site. In
this study, we aim to investigate the suitability of using a nanofibrous scaffold as a delivery system of growth factors like Bone Morphogenetic
Protein (BMP2) and Vascular Endothelial Growth Factor (VEGF-2) for enhancing bone regeneration in critical sized cranial defects in rats. In vivo
studies using radiolabelled growth factors demonstrated a differential release profile of VEGF and BMP2 from the carrier system, ie. a fast
release of VEGF versus sustained and prolonged release of BMP2. In vitro studies with mesenchymal stem cells showed a higher alkaline
phosphatase activity and calcium deposition on growth factor loaded scaffolds compared with the scaffold without growth factors. Similarly
when the scaffold was implanted in calvarial defect, local delivery of VEGF and BMP2 increased vascularisation and bone formation at 3
months. While comparing, augmented osteogenic differentiation and tissue regeneration were observed on BMP2 loaded scaffolds than VEGF
groups, suggesting that the prolonged released of BMP2 has a positive effect on bone healing. In short, the biomimetic nanofibrous scaffold can
be used as a potential candidate for differential release of osteogenic and angiogenic growth factors for orthopedic application.
Acknowledgements: The authors would like to acknowledge the Department of Science and Technology (India-Japan Cooperative Science
Programme 2015-2017) for funding the research.
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Platelet Lysate-based Nanocomposite Bioinks for 3D Printing in Tissue Engineering
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Blood derivatives have attracted great attention as an inexpensive cocktail of growth factors, cytokines and extracellular matrix precursors with
high potential in tissue engineering and regenerative medicine (TERM). In previous studies, platelet lysate (PL) was reinforced with cellulose
nanocrystals (CNC) to promote the in-situ PL-clotting via thrombin and calcium activation along with the CNC-protein covalent crosslinking. This
platform allowed the use of PL as stable injectable formulations for either the delivery of biological factors as well as a cell carrier matrix, thus,
opening new avenues to explore PL based hydrogels in different TE applications, for example in 3D printing. In this context, we hypothesized
that PL-CNC could be used as a nanocomposite bioink for printing personalized structures in combination with encapsulated cells to
successfully apply 3D (bio)printing in TERM.
PL/CNC hydrogels were produced with double barrel syringes using optimized conditions for PL gelation (1 U/ml thrombin and 5 mM CaCl2).
The effect of different CNC concentrations in hydrogel rheological properties was fully characterized. Then, a desktop 3D printer and its
firmware were customized to hold the syringe and print the PL-CNC hydrogels in a gelatin supporting bath. Finally, the biological performance
was assessed using encapsulated human adipose tissue derived stem cells (hASCs).
After showing that PL-CNC 0.6 wt% formulation had shear-thinning behaviour, which allowed extrusion at low printing pressures, 3D printing
parameters (printing speed, flux, layer height and infilling) were optimized. The 3D structures printed using PL-CNC bioink showed good shapefidelity and self-supporting characteristics after removing the gelatin bath. Furthermore, the 3D printing process did not affect the hydrogel
degradation profile. In addition, 3D printed constructs showed cell supportive properties, since hASCs were viable, active, and in a proliferative
state. Overall, the studied PL-based nanocomposite bioinks have a great potential in personalized TERM applications.
Acknowledgements: EU’s H2020 programme for Marie Skłodowska-Curie grant agreement 706996 and for TEAMING grant agreement 739572
- The Discoveries CTR; FCT for SFRH/BPD/112459/2015, PD/59/2013 and PD/BD/113807/2015, project Recognize UTAP-ICDT/CTMBIO/0023/2014; and project NORTE-01-0145-FEDER-000021 supported by NORTE2020, under the PORTUGAL2020 Partnership, through the
European Regional Development Fund.
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Bioprinting Meets Macromolecular Crowding: A Facile Approach to fabricate 3D Hierarchical Collagen-based
Hydrogels   

Wei Long Ng，Chee Kai Chua
Singapore Centre for 3D Printing (SC3DP)

The spatial gradient in physical properties found in most native biological tissues imparts highly-specialized functions over hierarchical scales.
Despite advances in material synthesis and assembly process, it is still highly challenging to emulate the hierarchical porous architecture found
in native tissues. In this work, macromolecules were utilized to fabricate hierarchical collagen-based structures using our proposed bioprintingmacromolecular crowding process. The influence of macromolecular crowding on collagen fibrillogenesis remains poorly understood; hence an
in-depth investigation on the mechanism of MMC phenomenon was conducted.
As a proof of concept, the printing parameters were first optimized to facilitate the pH-dependent crosslinking of thin collagen layers (~ μm)
and discrete droplets of macromolecule-based bio-ink was deposited to fabricate hierarchical collagen-based hydrogel via drop-on-demand
(DOD) bioprinting process. The presence of PVP macromolecules not only accelerates the collagen fibrillogenesis process but also tunes the
collagen architecture in a controlled manner. The PVP macromolecules exert excluded volume effect (which is dependent on both electrostatic
repulsions and non-specific steric hindrances) on the surrounding collagen molecules; an increasing PVP concentration results in formation of
larger pores and increased porosity within the 3D collagen matrices. The uniform deposition of discrete droplets of cross-linkers (NaHCO3) and
macromolecules (PVP) over each thin layer of printed collagen (~20 μm) facilitates the rapid and homogeneous cross-linking. Our work
demonstrates a new printing strategy that facilitates the fabrication of hierarchical porous collagen-based constructs via drop-on-demand
bioprinting process in a highly-controlled manner. As collagen is a widely used biomaterial, this facile single-step bioprinting process could be
useful for fabrication of complex 3D tissue models for tissue engineering applications.
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Engineered Phage Matrix Stiffness-Modulating Osteogenic Differentiation

So Young Yoo1,2，Jeong-In Kang2,3，Seung-Wuk Lee4
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Bioengineering, University of California, Berkeley, Lawrence Berkeley National Lab, Berkeley, CA94720, USA

Although Biochemical cues in extracellular matrices plays a critical role in regulating cellular growth and faith, their physical cues as stiffness in
guiding stem cells has not been well studied so far. Herein, we demonstrate an engineered phage mediated matrix for osteogenic
differentiation with controlled stiffness by crosslinking the engineered phage displaying RGD and HPQ with various concentrations of
streptavidin or polymer, PDDA. Osteogenic gene expressions showed that they were specifically increased when MC3T3 cells were cultured on
the stiffer phage matrix than softer one. Our phage matrices can be easily functionalized using chemical/genetic engineering and used as a
stem cell tissue matrix stiffness platform for modulating differential cell expansion and differentiation. [This research was supported by a grant
of the Korea Health Technology R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by the Ministry of Health
& Welfare, Republic of Korea (H16C1067)]
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Dynamic modulation of hydrogels to mechanically manipulate cells in a reversible manner
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The extra-cellular matrix (ECM) offers different biochemical, mechanical, and structural signals to cells. These cues are highly orchestrated in
space and time. Precise instructions from the ECM dictate cell fate processes, such as proliferation, differentiation and migration. The ECM
exerts mechanical forces on cells, which are sensed by cells through different mechanisms, and are translated into biological outcomes.
However, these mechanisms are not yery well understood. One of the main limitations in deciphering this language of forces on cells has been
the lack of in vitro systems, which can generate forces on cells that mimic natural stresses.
The present-day methods, which attempt to apply such forces on cells, include single cell manipulation techniques that are highly invasive and
although very cell-selective, do not mimic natural stresses. Other techniques rely on the use of flexible elastomers, which better replicate
natural stretches, but do not provide user-defined cell selectivity. Therefore, it remains a challenge to develop a system for manipulating cells
with mechanical forces, which are precisely controlled in space and time domains.
Here we demonstrate a novel hydrogel system, which can reversibly apply precise, user-defined mechanical forces on selected cells from a cell
population. Our approach comprises of a smart ECM-mimic hydrogel system, which responds to a light trigger. This causes reversible local
deformations of the cell growth substrate and leads to the generation of mechanical forces on cells. These forces are transient and can be
controlled at a sub cellular and sub-population scale, in a wide range of time scales (up to ms), with pre-defined directionality.
Such a system for opto-mechanical stimulation of cells is an effective tool for investigating how repeated actuation of a soft hydrogel affects
cells. This is experimentally demonstrated in a case study using fibroblast cells to show the proof-of-principle of the concept.
The dynamic hydrogel swelling/shrinking closely replicates the stretches experienced by soft tissues in the body during activities, such as
movement, growth etc 2. We believe that this system bridges the gap between single cell manipulation techniques and cell sheet deformation
techniques. This system shows great potential in fields of mechanobiology and in understanding cell-ECM interactions.
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Bioinspired engineering of artificial heart valve constructs using natural protein fibers
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Surgical replacement of diseased heart valves at the end-stages has been widely performed with mechanical valves (MVs) or bioprosthetic
heart valves (BHVs). All these current devices have significant limitations with risks of further morbidity and mortality. For example, MVs may
cause hemorrhage and thromboembolism, and require anticoagulation for the lifetime of the patients. BHVs show better hemodynamic
behavior due to the composition and structural similarity to native heart valves when compared to MVs, however, they do show limited
durability because of calcification and progressive degeneration [1]. Thus, polymeric heart valve (PHV) prostheses with long-term durability and
no necessity for permanent anticoagulation are of great interest and also show potential applications in advanced transcatheter devices.
In this study, novel PHVs were fabricated, consisting of natural protein fibers to mimic the fibrous networks in the fibrosa and ventricularis
layers for stress bearing, as well as poly(ethylene glycol) (PEG) hydrogels to improve anti-fouling function [2,3]. These layered constructs
showed mechanical properties, i.e., elastic modulus and elongation percentage, close to those of human aortic valve leaflets. The
hemodynamic property of these PHVs can meet the requirements of the ISO-5840 standard. Furthermore, the presence of PEG hydrogels
improved the resistance to progressive calcification of the embedded protein fibers in vitro, likely due to prevention of large-size hydrated ions
to pass through by the polymeric networks. In addition, the fibrous structures retained in the PEG-protein fiber composites after subcutaneous
implantation for four weeks, while those from natural protein samples showed early degradation to certain extent, suggesting the prevention of
enzymatic degradation of protein fibers by PEG hydrogels in vivo [4]. Thus, this study lays down a basis for fabrication of novel PHVs to mimic
the heterogenic structures, mechanical properties and biological functions of heart valve leaflets.
Acknowledgements
This work was supported by National Natural Science Foundation of China (#31670981) and Chinese Academy of Sciences.
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Nature-inspired Biomaterial Instructs Cells Behaviour: 3D Microenvironmental Interaction Between
Mesenchymal Stem Cells And Endothelial Cells explored In Bioreactor
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INTRODUCTION
An emerging concept in material science is to draw inspiration from natural processes and products, which we may consider as the most
advanced examples of smart nanotechnology. Natural structures such as woods and plants exhibit multi-scale hierarchic organization that is
the source of smart and anisotropic mechanical properties associated with high porosity and lightness. Porous woods (rattan) were recently
transformed into hydroxyapatite (HA) scaffolds with hierarchic organization focusing on long bone critical defect.
EXPERIMENTAL METHODS
The whole chemical conversion of rattan wood has been carried out through five steps from native wood to porous HA1. HA-based scaffolds,
already commercially available as a biomimetic bone graft were used as control group.
Human adipose-derived mesenchymal stem cells (ADMSCs) were cultured on the 3D samples in birectional perfusion conditions in
combination with human umbilical vein endothelial cells (HUVEC) up to 4 weeks in a perfusion bioreactor system (Cellec Biotek AG). Cell
viability, cell morphology, protein and gene expression profile were analyzed.
RESULTS AND DISCUSSION
A very high ratio of viable cells was seen with no significant differences between the innovative scaffold and the commercial sample.
Microvessels within the 3D microenvironment were detected. The morphological analysis showed ADMSCs grown into the porous scaffold
structure remaining firmly attached to the samples surface. The investigation of the expression of proteins and genes involved in the osteogenic
differentiation highlighted a significant effect of the bioinspired sample on the up-regulation of the genes involved in both early and late stages
of osteogenic commitment if compared to commercial sample.
CONCLUSION
This study demonstrated that 3D scaffold obtained by biomorphic transformation, with already proved high mechanical performance, strongly
enhanced the interaction between endothelial cells and mesenchymal stem cells. This achievement is pivotal for a closer mimicry of the
complex 3D bone structure and composition which can drive and direct the regenerative cascade at the cell level, towards the regeneration of
extensive load-bearing bone parts.
REFERENCES
1. Tampieri A. et al., J. Mater Chem. 19:4973, 2009.
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Tissue-engineered Descemet’s stripping endothelial keratoplasty
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There are donor cornea shortages in many nations. A tissue-engineered corneal endothelium (TCE) could replace donor tissue for treatment of
corneal endothelial dystrophies, a common indication for corneal transplantation.
A pre-clinical trial of a tissue-engineered Descemet’s stripping endothelial keratoplasty (TE-DSEK) was conducted. The TCE was assessed for
ability to be implanted via a minimally invasive procedure, lack of toxicity and immunogenicity, biodegradation of the scaffold, and abatement
of oedema in a model of corneal endothelial dystrophy.
A TCE was manufactured as previously described1. Briefly, ovine corneal endothelial cell (CEC) monolayers were cultured on an novel thin (50
µm) poly(ethylene glycol)-based hydrogel film (PHF) with excellent physical properties1. Culture conditions were adapted from those used for
cultivated limbal epithelium transplantation (CLET)2. Donors and recipients were outbred Merino-Dorset ewes of 12-14 months of age. A model
of corneal endothelial dystrophy was created by surgical removal of CEC from a 7 mm diameter area of the central cornea. The TE-DSEK
procedure was essentially the same as an existing surgical technique: Descemet’s stripping automated endothelial keratoplasty (DSAEK).
Negative control animals received a PHF without CEC, or a TCE not placed over the endothelial wound. Animals were observed for at least 21
d post surgery and scored for inflamation, corneal clarity, and oedema on a validated pro-forma3. Oedema was rated 0 – 4, with 0 being no
oedema and 4 being maximally thick. Post mortem whole eyes were subjected to haemotoxylin-eosin histology.
TCE was found to be sufficiently robust for implantation by a DSAEK-like minimally invasive procedure. No evidence of toxicity or
immunogenicity was observed in both clinical observations and histological sections. Allogeneic TCE was non-toxic and non-immunogeneic for
>20 d (n = 13). In animals receiving TCE the PHF completely degraded in <21 d. The TCE abated oedema (score 0 or 1, 70% n = 10).
References:
1. Ozcelik B, et al. Advanced Healthcare Materials 3 1496-1507 2014.
2. Mariappan et al., Nature Protocols 5(8):1470-1479 2010.
3. Williams et al., Aust N Z J Ophthalmol 27(2) 127-135 1999.
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Matthew H. W. Chin1，Marc-Olivier Coppens2，Eileen Gentleman3，Richard Day1
Division of Medicine, University College London, London, United Kingdom，2Department of Chemical Engineering, University College London, London, United Kingdom，3Division of Craniofacial
Development and Stem Cell Biology, King's College London, London, United Kingdom
1

Adoptive T cell therapy is a cancer treatment that uses patient-specific T cells to seek and destroy cancer. A key step in this process involves
ex vivo activation and expansion of T cells. However, it is often limited by low expansion rates and T-cell products of suboptimal functionality.
Currently, there is a limited repertoire of biomaterials for T-cell activation and one of the most common methods involves the use of antibodycoated, rigid materials. Although the critical role of physical parameters in T-cell activation is increasingly recognised, it is often overlooked in
the design of T-cell-activating biomaterials. Gaining the ability to harness T cell mechanobiology may therefore provide new ways of optimising
and tuning T cells for therapy. In this work, we studied the impact substrate stiffness has on T-cell activation. To this end, antibody-coated
polyacrylamide hydrogels were constructed as a stiffness-tunable platform to activate Jurkat T cells. Cells cultured on hydrogels of different
elastic moduli exhibited a stiffness-dependent response, as indicated by their differential secretion of Interleukin-2. In addition, we also
incorporated the biomaterial into a microfluidic device such that automation and modularity can be added to ex vivo cellular processing.
Taken together, these findings suggest the feasibility of exploiting T cell mechanotransduction as a new strategy to optimise T-cell
manufacturing for cancer immunotherapy.
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Adhesive Hydrogel Sponge Based on Biomaterials Derived from Marine Life for Topical Hemostatic Dressing
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Appropriate actions for hemostasis have great importance at emergent situation or surgical operation to minimize blood loss. Hemostatic
action also helps surgeons to secure their visibility on wound site, reduce the amount of transfusion, and save operation time. Among them,
topical hemostatic agents cover the bleeding site with less tissue damage than mechanical pressure or electrical/thermal devices. However,
most of commercially available products have low clotting ability and inappropriate mechanical property to seal the wound site. In this work,
we designed a novel hydrogel sponge as topical hemostatic dressing using biomaterials from marine life. Mussel adhesive proteins (MAPs)
originated from the byssus of mussel retain strong underwater adhesiveness on account of their abundant 3,4-dihydroxyphenylalanine (DOPA),
modified form of tyrosine residues. Aneroin, a silk-like protein derived from starlet sea anemone has high similarity to its repetitive amino acid
sequence motives and mechanical strength to silk fibroin or spidroin. These structural proteins were fabricated to light-activated hydrogel and
then lyophilized to raise its moisture content. The tensile strength was improved due to the nature of aneroin and even more increased after
lyophilization. Blood cells and plasma proteins were attached to MAP which resulted in rapid clot formation, examined via thromboelastogram.
The hydrogel sponge was tested in vivo to reveal its capability to save amount of bleeding and clotting time on damaged organ and blood
vessels. Collectively, our developed hydrogel sponge would be outstanding topical hemostatic dressing to treat bleeding site quickly and
safely.

a91781

01-P075

Novel Porous Calcium Phosphate Nanoparticles As A Drug/ion Delivery Platform And Primary Precursor Of Bone
Mineral Formation

Iman Roohani
University of New South Wales Sydney

Bone, a mineralised connective tissue acts as a supportive framework for the body and enters metabolic activities. About 30% of the dry
weight of mature bone is organic in nature, mostly collagen, while the remainder is a complex inorganic calcium phosphate system. The mineral
of bone has been shown to consist of two phases, a hydroxylapatite-like crystalline phase and an amorphous calcium phosphate. In early
stages of bone formation, mineral precursors are transiently produced by osteoblast mithochondria, transported via intercellular vesicles and
deposited within collagen fibrils, where they transform into semi crystalline apatite platelets or needles. In present study, we report on
fabrication of porous calcium phosphate nanoparticles that chemically mimics bone mineral precursors with ability to be converted into apatite
crystals with tuneable crystallinity and morphology, that highlights their potential to be used in bone regeneration application. Moreover,
various bioactive elements can be incorporated into the structure of these precursor nanoparticles and their pores can be closed upon
exposing nanoparticles to aqueous media, facilitating the encapsulation of various types of soluble biomolecules.
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Natural polyphenol-based fast-forming hydrogel system for versatile biomedical applications
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Nature-inspired biomaterials have been used for biomedical applications. Especially, exploitation of unique biochemical and biophysical
properties of marine organisms has led to the development of functional biomaterials. Recently, ascidians have received great attention, owing
to their extraordinary properties such as strong underwater adhesion and rapid self-regeneration. In this study, a hyaluronic acid (HA) hydrogel
platform inspired by ascidian adhesion has been developed, demonstrating versatile applicability for tissue engineering and drug delivery. The
synthesized conjugate can be rapidly crosslinked by dual modes of oxidative mechanisms, resulting in hydrogels with different mechanical and
physical characteristics. The versatile utility of HA hydrogels formed via different crosslinking mechanisms has been demonstrated for different
biomedical platforms, including microparticles for sustained drug delivery and tissue adhesive for noninvasive cell transplantation. With
extraordinarily fast and different routes of oxidation, ascidian-inspired HA hydrogel system may provide a promising biomaterial platform for a
wide range of biomedical applications, including tissue engineering, drug delivery, and stem cell therapy. This work was supported by grant
(2017R1A2B3005994) from the National Research Foundation (NRF) of Korea funded by the Ministry of Science and ICT (MSIT), Republic of
Korea. This work was also supported by grant (2016R1A5A1004694) from the Translational Research Center for Protein Function Control
(TRCP) funded by the Ministry of Science, ICT and Future Planning, Republic of Korea.
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Serum Derived Exosomes for the Delivery of Small Molecules and Peptides

HYEJUNG MOK，Gyeonghui Yu，Heesun Jung，Yoon Young Kang，Eun Seo Choi，Ok Park，Jihyeon Song
Department of bioscience and biotechnology, Konkuk University, Seoul, KOREA(SOUTH)

To determine whether serum derived exosomes are efficient carriers for small molecules, nucleic acids, and peptides into lymph nodes,
exosomes (EXOs) were purified and loaded with diverse small molecules and peptides. Serum-derived EXOs have several advantages e.g. a
preferable size and generated higher yields than cell-derived exosomes. Fetal bovine serum-derived exosomes with a size below 50nm were
delivered to whole region of lymph nodes, which provided an efficient location of immune stimulating molecules and following interaction with
antigen presenting cells. The encapsulation of immune stimulating biomolecules and oligodeoxynucleotides within EXOs greatly improved
intracellular delivery to macrophages via phagocytic pathways. Taken together, serum derived EXOs might serve as promising carrier systems
of small molecules, nucleic acids, and peptides to lymph nodes.
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Surface biofunctionalization through step-by-step build-up of covalent poly (ethylene oxide) nanogel films

Philippe LAVALLE2，Sarah Zahouani1，Louise Hurman1，Loïc Jierry1，Pierre Schaaf1
INSERM U1121 Biomaterials and Bioengineering, Strasbourg, France，2Institut Charles Sadron, CNRS UPR 22, Strasbourg, France
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Hydrogels based on poly(ethylene glycol) (PEG) are commonly used for studies related to cell fate and tissue engineering. Here we present a
new covalent layer-by-layer build-up process leading to PEG coatings of nanometer size called "nanogel films". Compared to macroscopic
hydrogels, such nanogels should provide a fine control over the structure and the thickness of the coating. Alternated deposition of bifunctional
and tetra functional PEG molecules reacting through thiol/maleimide click chemistry is evaluated by quartz crystal microbalance. We first study
parameters influencing the build-up process of such coatings and demonstrate the importance of i) the nature of the first deposited layer, ii) the
PEG concentrations and iii) the length of the PEG chains that appears to be the most significant parameter influencing film growth. It appears
that the nature of the first deposited layer is crucial for the build-up and a linear build-up process can be obtained on gold when starting with
bifunctional thiol-PEG chains. The steric hindrance between the molecules plays a key role in the build-up kinetics.
The build-up process can be extended to a large variety of substrates like SiO2 or polymers by using an appropriate anchoring layer. Covalent
functionalization of these nanogel films by proteins or enzymes is suited by modifying the biomolecules with thiol or maleimide groups and
immobilizing them during the build-up process. Activity of the embedded enzymes can be maintained. Moreover ligands like biotin can be
incorporated into the film and recognition by streptavidin can be modulated by playing with the number of PEG layers covering biotin.
Compared to well-known PEG hydrogels, these new coatings are promising as they allow to i) build thin nanometric coatings, ii) finely control
the amount of deposited PEG and iii) organize the position of the embedded biomolecules inside the film layers. Finally this new coating based
on covalent interactions of PEG chains could be applied to functionalize all kind of surfaces in a precise manner. In this way, antifouling and
biocompatible surfaces could be easily designed or coating of nanoparticles for biomedical applications.
Reference :
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Bioinspired Extracellular Matrix Hydrogel Doped with Polyelectrolyte Nanoparticles for Endogenous Stem Cell
Regulation in Brain Tissue Regeneration

Tzu-Wei Wang1，Hsi-Chin Wu2
Department of Materials Science and Engineering, National Tsing Hua University，2Department of Materials Engineering and Department of Bioengineering, Tatung University
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Poor regenerative capability of stem cell transplantation in the injured central nervous system limits their therapeutic efficacy. The sustained
inflammatory response, lack of structural support, and trophic factors deficiency limit the integration and long-term survival of stem cells.
Instead of exogenous stem cell therapy, we describe the synthesis of nanohybrid hydrogel containing sulfated glycosaminoglycan-based
polyelectrolyte complex nanoparticles (PCN) to mimic the brain extracellular matrix and control the delivery of stromal-derived factor-1α
(SDF-1α) and basic fibroblast factor (bFGF) in response to matrix metalloproteinase (MMP) for recruiting endogenous neural stem cells (NSC)
and regulating their cellular fate. Bioactive factors are delivered by electrostatic sequestration on PCN to amplify the signaling of SDF-1α and
bFGF to regulate NSC in vitro. In in vivo ischemic stroke model, the factors promotes neurological behavior recovery by enhancing
neurogenesis and angiogenesis. These combined strategies may be applied for other tissue regenerations by regulating endogenous
progenitors through the delivery of different kinds of glycosaminoglycan-binding molecules.
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Polydopamine nanoparticles modulating poly(vinyl alcohol)-tannic acid hydrogels with excellent mechanical
properties and tissue adhesiveness

Quan Wang
Department of Orthopaedics, The Second Affiliated Hospital and Yuying Childrens Hospital of Wenzhou Medical University, Wenzhou 325027, China

Adhesive hydrogels with adequate tissue adhesiveness and excellent mechanical properties are attractive biomaterials for various applications
such as wound dressing and scaffold implantation. However, fabricating such a hydrogel remains a challenge. Here we report the fabrication of
an adhesive and stretchable hydrogel by incorporating polydopamine nanoparticles (PDAPs) into poly(vinyl alcohol) -tannic acid (PVA-TA)
hydrogels. The strong multiple H-bonding formed between PVA and TA leads to easy formation of hydrogel network when they are physically
mixed at room temperature or after freeze-thawing process. The amorphous structure, the strong H-bonding between PVA and TA, and the
weaker H-bonding between PVA chains endow the PVA-TA hydrogels with excellent mechanical properties. The introduction of polydopamine
nanoparticles further enhances mechanical properties by the formation of physically cross-linked networks from H-bonding between PVA and
PDAPs. On the other hand, the reactive catechol groups on TA and PDAPs contribute to the cell-tissue adhesiveness. The as-prepared PDAPsincorporated PVA-TA hydrogel is a pure physically cross-linking network and possesses adjustable tensile strength and adhesion strength,
relying on the concentration of TA and PDAPs. In vivo full-skin defect experiments demonstrat the PDAPs-incorporated PVA-TA hydrogel and an
immobilized growth factor has a synergistic effect on accelerating wound healing. In summary, this hydrogel should have great potential in
wound dressing and artificial skin.
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Diamond like internal structure based 3D printed thermoplastic polyurethane scaffold with biomimetic
mechanical property for breast reconstruction

Muran Zhou，Jinfei Hou，Zhenxing Wang，Jiaming Sun
Department of Plastic surgery,Union Hospital,Tongji Medical College, Huazhong University of Science and Technology(HUST),Wuhan,China

Background: Adipose based tissue engineered breast(TEB) represent a promising strategy for breast reconstruction. Nevertheless, the
exorbitant mechanical strength of currently used scaffolds and the insufficient survival rate of grafted fat hamper its further development.
Method and Result: Herein we developed four series of 3D printed breast scaffolds using thermoplastic polyurethane(TPU). The computer
designed internal structure of each scaffold was inspired by a kind of crystal lattice. These scaffolds have the similar strength to natural breast
tissue and could rebound to its original shape after repeated compression. Bio-compatibility of the scaffold was confirmed by cell adhesion
assay and in vivo tissue ingrowth assay. Finally, we implanted the scaffolds under the dorsal skin of immunodeficient mice for two weeks to
allow the vessel ingrowth and then transplanted fat granule into the scaffolds in a multiple injection manner to create TEBs. Three months later
the TEBs were harvested and analyzed. All the scaffolds and grafted fat integrated well with the adjacent tissue whereas the neo-vasculature
density and survival rate of grafted fat was higher in diamond like internal structure group. Conclusion: Tissue engineered breast with similar
mechanical properties to natural breast tissue could be manufactured by multiple injection of fat granule into pre-vascularized crystal lattice
internal structure based TPU scaffold. The scaffolds with diamond like internal structure is superior to others in term of neovascularization and
grafted fat survival. Tissue engineered breast could be a potential alternative for plastic surgeons to perform breast reconstruction.
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Nanofibrous Scaffolds from Elastin-Like Block Polypeptides

Ayae Sugawara-Narutaki，Shunsuke Nara，Jin Nakamura，Chikara Ohtsuki
Department of Materials Chemistry, Nagoya University, Nagoya, Japan

Self-assembling peptides are promising candidates for the construction of tissue engineering scaffold because their physicochemical properties
and bioactivities can be tailored through the design of amino acid sequences. Elastin-like polypeptides (ELPs) are a type of self-assembling
peptides that form insoluble aggregates above their lower critical solution temperature in aqueous solutions. We have recently developed a
novel class of “double-hydrophobic” block ELP, named GPG, which assembles into well-defined nanofibers at 37 ºC.[1,2] Functional nanofibers
including thermally “irresponsive” crosslinked nanofibers,[3] and those with antibacterial[4] and cell-binding[2] properties were obtained by adding
appropriate peptide motifs to GPG. In this presentation, the strategy of the sequence design of GPG derivatives toward the development of
bioactive hydrogel scaffolds will be given. Some of the GPG derivatives successfully formed thermoresponsive hydrogels with nanofibrous,
three-dimensional network structures.
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Blue inspired tissue engineering: marine origin compounds on the development of biomaterials for regenerative
medicine and advanced therapies

Tiago H. Silva1,2，Rui L. Reis1,2,3
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Imagine that a shark bite can be not a traumatic event causing severe tissue loss but actually an approach for regeneration of osteoarticular
tissues. It may be so if bite is actually taken as the acronym for Blue Inspired Tissue Engineering (B.I.T.E.) and sharks as the source for diverse
chemical compounds with striking biomedical relevance. In the present work we addressed the isolation of collagen from shark skins (widely
available by-products from fish processing) and the production of Fluor-rich calcium phosphates, which were further combined for the
production of composite scaffolds capable to support the adhesion and proliferation of osteoblast-like cells, as well as the osteogenic
differentiation of adipose derived stem cells (ASC). In addition, other examples will be given to underline the role of marine origin biopolymers
on the development of other biomaterials for tissue regeneration, as well as advanced therapies to address chronic diseases. In particular,
squid chitosan, with higher deacetylation degree, was proposed as component of porous sponges and hydrogels for the engineering of
cartilage tissues, while seaweed sulfated polysaccharide fucoidan was studied not only for encapsulation of pancreatic cells and islets as
diabetes therapeutic approach, but also as potential drug capable to tackle breast cancer as (selective) cytotoxic compound or anti-angiogenic
agent. Moreover, marine biomimetic concepts will be also discussed, namely the use of marine sponges as Nature made scaffolds, as
inspiration for the design of hierarchical structures by combining 3D printing of a support material with biocompatible biopolymer microfibers
or as source of biochemical compounds for the development of biomaterials for regenerative medicine approaches or as 3D models of tissues
and related diseases.
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Catechol-based freestanding multilayer membranes as an adhesive and functional scaffold to treat superficial
cartilage damage

Maria P. Sousa1,2,3，Marian Fürsatz2，Sylvia Nürnberger2,3，João F. Mano1
1
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AUVA Research Center, Donaueschingenstraße 13, 1200, Vienna, Austria，3Department of Orthopedics and Trauma Surgery, Austrian Cluster for Tissue Regeneration, Medical University of
Vienna, Währinger Gürtel 18-20, A-1090, Vienna, Austria

Traumatic and degenerative cartilage damage cause serious clinical problems in millions of people, characterized by the progressive
degradation, pain and loss of mobility. Due to the lack of vascularization and perichondrium, articular cartilage has a low capacity for
spontaneous repair. Lot of effort has been done in the last decades to restore the structure and function of articular cartilage by tissue
engineering (TE) strategies involving the combination of cells, scaffolds and bioactive agents. While several materials have been successfully
applied to deep cartilage defects, superficial defects are still challenging in terms of fixation. Superficial glues and sewing of the material to the
cartilage are either not strong enough or can damage the healthy cartilage. We suggest a layer-by-layer (LbL) technique as a bottom-up
approach to produce self-adhesive freestanding multilayer membranes (FMM) for cartilage repair; for that, we chose natural components
proven to work for cartilage regeneration (chitosan, alginate and hyaluronic acid, HA). Adhesion was addressed through the modification of HA
backbone with catechol groups of dopamine (DN, the mussel foot protein amino acid) and their incorporation into the FMM. Effectively, the
catechol groups increased the adhesion strength between the FMM and cartilage. We used FMM with different nanotopographical structure as
delivery devices for therapeutic cells (adipose derived stromal cells, ASCs) and observed the interaction of the RFP-transduced ASCs with the
FMM membrane and the cartilage surface. Fluorescence microscopy revealed that cells formed clusters on the membrane and that the
presence of nanotopographical features increased the spreading of ASCs. After application on damaged cartilage samples, cells adhered to the
cartilage, spread on the surface and bridged between the FMM membrane and the tissue. Despite the presence of the cells on the membrane
surface, the catechol DN still showed its adhesive effect.
This shows that adhesive and functional LbL-engineered FMM membranes are promising materials for TE and reconstruction of superficial
cartilage damage.
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Porosity-controlled Catechol Modified-Chitosan Matrices for Tissue Adhesives

Seunghyun Lee，Hong Hee Jung，Sung-Hyun Jeon
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Various tissue adhesives have been developed but it is still difficult to satisfy both strong adhesion and safety onto bleeding wet tissues. To
overcome disadvantages of conventional sutures and adhesives, biomimetic adhesives have been studied in recent years. Among the
biomimetic adhesives, the mussel-inspired adhesives are of great interest due to their strong adhesion and biocompatibility in wet
environments. However, mussel-inspired adhesives need to be prepared in a lyophilized form for commercialization because the
catecholamines of the mussel foot protein, which cause tissue adhesion, are oxidized in aqueous solution and decreased its adhesiveness.
The lyophilized catechol-modified chitosan (Chi-CA) matrix is the most commonly studied mussel-inspired adhesive and has excellent adhesion
to tissues with easy of produce. Adhesion force of Chi-CA onto tissues is determined by the substitution degree of catecholamine to the
chitosan backbone and by the cohesion of the matrix itself. So many have studied ways to increase the degree of substitution of catechol but
have not tried much to improve the adhesion by changing the physical properties of the matrix.
Here, we demonstrate improve physical properties of the lyophilized Chi-CA matrix to enhance the adhesiveness by controlling porosity of the
matrix through a simple co-solvent method. This method decreases pore size and porosity of the Chi-CA matrix, which reduces mechanical
strength of bulk materials. We have not only controlled the surface energy between the polymer mold and the solution by adding solvents,
which are miscible with water, to the aqueous solution of Chi-CA, but also gave the difference in sublimation speed during freeze drying. The
solvent-added chitosan solution was lyophilized and made into a matrix with reduced porosity and pore size, resulting in a several times
increase in adhesiveness to porcine skins. In addition, the matrix produced by this method will also increase the period of biodegradation,
making it suitable for tissues that take a long time for tissue healing and will show stability at wound location.
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Effect of pore microarchitecture in extracellular matrix derived scaffolds on chondrogenesis of mesenchymal
stem cells
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Articular cartilage (AC) has a complex structure with an arcade-like collagen fibre organisation that enables it to withstand the high loads
passing through synovial joints1. Cartilage lesions cause pain, impaired mobility and, if untreated, can affect the sub-chondral bone and
progress to osteoarthritis, a pandemic disease2. Despite previous attempts to repair cartilage and osteochondral (OC) defects, recapitulation of
the complex OC unit architecture remains a clinical challenge. In recent years there has been increased interest in the use of Extracellular
Matrix (ECM) derived scaffolds, which contain functional proteins that can facilitate repair of AC and bone3. With respect to cartilage repair, it
has been shown that the fabrication of scaffolds with aligned pore structure encourages cell infiltration, differentiation and zonally-organised
matrix deposition4. The objective of this study is to determine the effect of pore microarchitecture in AC ECM derived scaffolds for cartilage
repair. To this end, using different freeze-drying process, AC scaffolds containing random or aligned pores were fabricated. Next, mesenchymal
stromal cells (MSCs) were cultured under chondrogenic or osteogenic culture conditions. It was found that pore structure influences the
capacity of solubilised AC ECM scaffolds to support or supress osteogenesis or chondrogenesis in appropriate culture conditions. Scaffolds with
aligned pores were stiffer than scaffolds random pores, facilitated rapid cell infiltration and promoted higher levels of sGAG deposition. This
enhanced chondrogenesis may be due to the capacity of the scaffolds to facilitate cellular condensation within aligned pores. Furthermore,
engineering cartilage mineralization was supressed in these scaffolds, demonstrating their potential for tissue engineering phenotypically stable
articular cartilage.
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Bioactive Materials of Immobilized EphrinB2/EphB4 Signals Regulate Arterial Venous Differentiation of
Pluripotent Stem Cells

Guohao Dai，Taylor Dorsey
Department of Bioengineering, Northeastern University, Boston, MA, USA

Vascular endothelial cells (ECs) differentiated from pluripotent stem cells have potential in a variety of therapeutic areas such as tissue
engineered vascular grafts and re-vascularization of ischemic tissues. However, there remain limitations in the control of stem cell differentiation
into the distinct functional phenotypes with current methods such as adding growth factors or exposing to hemodynamic flow, which upregulates a few arterial markers but does not influence venous cell fate. Functional distinction between arterial and venous ECs was also not
achieved with current methods. Here, we propose to more specifically control embryonic stem cell arterial venous differentiation by developing
ephrinB2/EphB4 hydrogels to mimic its cell-cell bidirectional signaling during stem cell differentiation. Our data shows that we can differentially
influence the stem cell EC phenotypic pathways using biomaterial based approaches. Specifically, ephrinB2 hydrogel showed an increase
venous marker expression within the Flk1+ sorted population. In combination of immobilized and soluble factors we were able to achieve the
distinct arterial venous cell populations. We have identified that EphB4 hydrogel with VEGF, bFGF2 and BMP4 media and ephrinB2 PEG
hydrogel with VEGF, bFGF2 and chir99021 media can create arterial-like and venous-like profiles, respectively. Furthermore, these two
populations show differential functional gene expression including anti-thrombotic, pro-atherogenic and osteogenic markers, which are
consistent with the in vivo functional differences in adult artery and vein. In conclusion, this project shows arterial venous stem cell
differentiation can be controlled through immobilized ephrinB2 or EphB4 with the addition of specific soluble signals, VEGF, bFGF2 and either
BMP4 or chir99021, lead to two distinct groups of arterial venous and functional gene expression profiles.
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Magnetically Actuated Mussel Protein-based Microgels for Site-directed and On-demand Stem Cell Delivery

Hyunsun Choi，Yunkee Jo，HyungJoon Cha
Department of Chemical Engineering, Pohang University of Science and Technology, Pohang 37673, Korea

Stem cell therapy has emerged as a promising strategy for regenerating damaged tissue and curing a myriad of diseases. However, the difficulty
in spatial and temporal targeting of administered stem cells to the desired sites still remains significant challenges. Even though magneticresponsive ferrogels have been utilized for the targeted delivery of therapeutic drugs, they have yet to be optimized for use in cell-based
therapies due to their low engraftment of cells. Here, we present a novel ferrogel system that can be remotely controlled by a magnetic field to
deliver stem cells on-demand, inspired by intriguing strategy from marine mussels. Mussel adhesive proteins (MAPs) have been demonstrated
as functional cell adhesion materials due to their strong adhesive property and excellent biocompatibility. The highly uniform microgels were
fabricated in a microfluidic device using 3,4-dihydroxyphenylalanine (DOPA)-containing recombinant MAP with iron oxide nanoparticles (IONPs)
for encapsulation of stem cells. These MAP ferrogels exhibited the retained shape and integrity during the injection process and the maintained
viability of encapsulated cells at the injection site. In addition, they showed the localized retention in the desired site in a magnetically–
controllable manner. We expect that our novel magnetic-responsive microgels can be successfully exploited as a promising cell carrier with
enhanced controllability and robustness for stem cell therapy.
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Engineered phage matrices facilitate angiogenic differentiation of adipose derived stem cells

So Young Yoo1,2，Kshitiz Raj Shrestha1，Jeong-In Kang2,3，Do Hoon Lee4，Byung Yang Lee4
1
BIO-IT Foundry Technology Institute, Pusan National University, Busan 46241, Republic of Korea，2Research Institute for Convergence of Biomedical Science and Technology, Pusan National
University Yangsan Hospital, Yangsan 50612, Republic of Korea，3Control and Instrumentation Engineering, Korea Maritime and Ocean University, Busan, Republic of Korea，4Mechanical
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Although stem cell niche plays a vital role in stem cell differentiation towards different lineages, an artificial stem cell niche achieved so far is
not successful to fulfill the complex microenvironment of the stem cell. Here, we demonstrated engineered hybrid phage matrices that possess
cell adhesive and angiogenic peptides with a suitable scaffold by formulating polyacrylamide hydrogel incorporating phage in different stiffness
to guide adipose derived stem cells (ASC) and could achieve higher stiffness favoring osteogenesis and lower stiffness favoring adipogenesis. In
this study, we present a specific phage based angiogenic matrices by modulating physical and biochemical cues in differentiation of ASC,
providing convenient artificial stem cell niche. [This research was supported by a grant of the Korea Health Technology R&D Project through
the Korea Health Industry Development Institute (KHIDI), funded by the Ministry of Health & Welfare, Republic of Korea (H16C1067)]
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Synthetic Coral Scaffold as a Microenvironment to Induce MSC Differentiation Into Osteoblast
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Fundamental technology for tissue regeneration is preparation of biomaterials as an artificial scaffold to act as synthetic extracellular matrix.
Synthetic coral scaffold was designed and its ability to induce MSC (mesenchymal stem cells) to differentiate into osteoblast both in vitro and in
vivo were investigated. The study was divided into 3 phases. At first, fabrication of synthetic coral scaffold was done in various concentrations
to be screened to achieve the most ideal one. For in vitro cell experiment, the most potential scaffold candidate was observed wherein 5
groups were investigated, i.e. S0P0M1-OM (MSC cultured in osteogenic medium), S1P1M1-OM (scaffold, PRP, MSC, with osteogenic medium),
S1P0M1-OM (scaffold, without PRP, MSC, with osteogenic medium), S0P0M1-SM (MSC cultured in standard medium), S1P1M1-SM (scaffold, PRP,
MSC, with standard medium). The cells were seeded and cultured for 7, 14 and 21 days. Runx, Osterix and Osteocalcin expressions were
investigated by RT-PCR, gel agarose electrophoresis and Image-J software was used for measurement. To observe the success of the system in
an animal model, implantation of the construct into subcutaneous tissue of Sprague dawley rats was done with the following system: S1P0M0
(scafold only), S1P0M0 (scaffold incorporated with PRP), S1P1M1 (scaffold incorporated with PRP and MSC) and S1P0M1 (scaffold with MSC).
After 7, 14, 21 and 28 days, ectopic bone formation was observed by osteocalcin expression. Based on the in vitro cell studies and in vivo
studies using animal model, it was known that when the scaffold is combined with PRP and MSC, the system provides micro environment for
MSC to generate and secrete bone extracellular matrix in osseous and non-osseous environment shown by the results of subcutaneous
implantation. It is concluded that synthesis of calcium carbonate film has successfully resulted ideal coral-like scaffold to provide micro
environment for MSC to generate and secrete bone extracellular matrix both in vitro and in vivo, in osseous and non-osseous environment.

a93283

01-P091

Surface-initiated atom transfer polymerization of glycidyl methacrylate on electrospun nanofibrils for surfaceimmobilization of decellularized extracellular matrix
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Nanofibrilar scaffolds retains biomimetic morphology biomimicking natural extracellular matrix in tissues. Electrospinning is a versatile tool to
fabricate nanofibrous structures, however, cells cannot freely migrate and infiltrate through the non-woven meshes, which prevents formation
of 3-D tissue formation. We electrospun poly(caprolactone) nanofibers and mildly fragmented the electrospun meshes by milling and
hydrolysis. Surface hydroxyl on the nanfibrils was initiated and employed for atom transfer polymerization of glycidyl methacrylate on the
surface. NMR, XPS, and NMR spectroscopy revealed the morphology and surface chemistry of the surface-polymerized glycidyl methacrylate
moieties on nanofibrils (PGMA@NF). Bovine articular cartilage was harvested and decellularized and the water-soluble fraction was obtained.
PGMA@NF was reacted with the water-soluble extracellular matrix (dECM). dECM containing PGMA@NF was confirmed to significantly
promote proliferation of adipocyte-derived stem cells and expressions of chondrogenic markers were highly elevated in comparison to cells in
PGMA@NF without dECM. In vivo study also showed that dECM-transplanted on cartilage defects strongly promote recovery process, which
was confirmed by µCT and histological examination.
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Biomimetic Approaches for Cardiomyocyte Cell Sourcing and Cardiac Patch Fabrication
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Heart disease continues to be the leading cause of death worldwide and will continue for years to come with growing civilized populations and
sedentary lifestyles. Cardiomyocytes are terminally differentiated cells with very limited native regenerative potential. Therefore, any loss of
these cells is a loss of functional cardiac output and as a result a number of systemic disorders. Current therapeutics for ischemic cardiac tissue
are mainly palliative and will never restore native function. While methods of reprogramming and differentiation through exposure of defined
factors seem to be an effective means of generating cardiomyocytes, the process is time consuming and can vary greatly depending on the
specific cell line.
Our approach to cardiac regeneration follows a biomimetic nature, and focuses on two aspects of regeneration. The first being a cellular
based approach focusing on enrichment of cardiac cells using various nanotechnologies. Our lab has been able to specifically tune porous
silica particles to release inhibitory small molecules in a spatiotemporal manner driving the differentiation of pluripotent stem cells into
functional cardiomyocytes. We have also applied this nanoparticle delivery system to deliver growth factors for neovascularization in areas of
cardiac ischemia. Another application of our nanotechnologies comes in the form of nanoneedles and their ability to transfect cardiac cells and
stem cells with minimal cell damage. The advantages of controlling cellular response using nanoparticles are exponential in cardiac cell
sourcing and applications in cardiac drug screening.
The second approach focuses on novel biomaterial platforms which provides structural and functional cardiac repair and regeneration.
Translating our nanoparticle delivery systems, we are able to combine different release strategies with tunable biomaterials to create threedimensional biomimetic cardiac patch solutions. Our lab is developing a cardiac patch that is able to drive differentiation of pluripotent cells
into functional cardiac cells allowing for minimal human interactions and therefore a more clinically relevant product. These patches would be
autologous to the patient, spontaneously contractile and able to be electrically paced. Together our biomimetic platforms have the potential to
make significant advances in clinically relevant cardiac regeneration able to treat countless patients.

a92081

01-P093

Physiological-like fibronectin (nano)networks induced by materials: effect of crosslinking on the protein
organization
From 2D to 3D microenvironments
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Synthetic biomaterials, which can act as extracellular matrices in regenerative medicine applications, are biologically inert and have to be
functionalised with adhesive proteins or biomolecules to be recognized by cells. Certain materials, such as poly(ethyl acrylate) (PEA), are able
to induce the organization of fibronectin (FN) in biomimetic (nano)networks, which have been shown to be recognized by cells [1-3]. The
ability of PEA to organize FN has been demonstrated in 2D and 2.5D environments (fibres), but not yet in 3D scaffolds, which incorporate
3-dimensionality and chemical crosslinkers that may influence its fibrillogenic potential.
The aim of our work is to engineer PEA-based 3D scaffolds that sustain the organization of FN in their pores into physiological-like (nano)
networks in the same way as in 2D and 2.5D environments.
2D substrates were obtained by radical polymerization with different amount of crosslinker and characterized by DMA, DSC and TGA. 3D
scaffolds were prepared by combining radical polymerization and particle-leaching techniques. A polyvinyl alcohol template obtained by rapidprototyping was used as porogen. Scaffold morphology was studied by SEM and the FN organization was analysed by AFM and ELISA assay.
We found that the organization of FN after adsorption and the availability of the FN cell-binding domain were dependent on crosslinking
density and surface mobility was identified as a key parameter for FN organization. Scaffolds prepared by 2% of crosslinker showed FN (nano)
networks assembled on the walls of the pores, demonstrating that PEA-based scaffolds are able to induce FN fibrillogenesis in 3D
environments as long as the amounts of crosslinker is low enough.
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Gelatin based stretchable biopolymer
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Gelatin based hydrogels have immense potential for their employment in biomedical application. However, their employment, especially for
tissue engineering applications has been hindered by their poor mechanical properties. Gelatin, which is derived from collagen through
hydrolysis, renders it devoid of mechanical strength. It forms a brittle hydrogel below sol-gel transition temperature and can easily be shredded
into fragments. To gain mechanical strength, it has been crosslinked either in native form chemically and enzymatically (glutaraldehyde,
transglutaminase, genipin, carbodiimide, acrylamide and diisocyanatohexane) or functionalized with a group for crosslinking (methacrylamide
and norbene). These covalently crosslinked gelatin hydrogels lack reversibility and have limited stretchability. Stretchability has been shown by
a few hydrogels, and the majority of them are synthetic hydrogels. In order, to enhance stretchability and introduce reversibility,
supramolecular interaction have been introduced in biopolymers. Here, we report a gelatin-based hydrogel with 77% water content and has a
stretchability of ~1400% strain. Its stretchability was a result of H-bonding and hydrophobic interactions provided by self-assembled
hydrophobic moiety Ureidopyrimidinone (Upy), substituted over gelatin.
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THE KNEE: IS THAT THE WAY?

Melania Maglio1，Elena Della Bella1,2，Alice Roffi3，Gopal Krishnakumar4，Huibert Albertus van Boxtel5，Sebastian Gerardus Johannes Maria Kluijtmans5，
Jonhatan Knychala5，Gianluca Giavaresi1，Giuseppe Filardo3，Elizaveta Kon6，Milena Fini1
1
Laboratory of Preclinical and Surgical Studies, Rizzoli Orthopaedic Institute, Bologna, Italy，2Department of Medical and Surgical Sciences, University of Bologna, Bologna, Italy，3Rizzoli
Orthopaedic Institute, Nano-Biotechnology Laboratory, Bologna, Italy，4Department of Biotechnology, Bannari Amman Institute of Technology, Sathyamangalam, Erode, Tamil Nadu, India，
5
Fujifilm Manufacturing Europe B.V., Oudenstaart 1, 5047 TK Tilburg, The Netherlands，6Humanitas Clinical and Research Center, Rozzano, Milan, Italy

Knee is the second most common site of osteonecrosis after femoral head and its clinical management is demanding, often requiring invasive
surgical procedures. The design of new material formulations for regenerative medicine, easier to use and combinable with biological
adjuvants, might offer new therapeutic possibilities, but the relevant blank in preclinical models makes the development of innovative
therapeutic strategies difficult. Aim of our work was to assess the osteogenic potential of injectable calcium phosphate pastes and to study the
set-up of a preclinical model of osteonecrosis of the knee, both in vitro and in vivo. Bone marrow human mesenchymal stem cells were cocultured with two calcium phosphate formulations for 2 weeks, showing that both can stimulate osteogenic differentiation, increasing the
expression of RUNX2, COL1A1, VEGF (p<0.05). An in vitro culture model was set up with rabbit femoral condyles for 4 weeks to compare two
methods for necrosis induction: ethanol injection or cycles of freezing/thawing. Both treatments induced a sharp drop of viability without
recovery over time in comparison to control group (p<0.005), reduction in RNA yield with poorer A260/280 and A260/230 and RNA
degradation, and histological signs of necrosis. In the light of in vitro results, a rabbit model of knee osteonecrosis was set up via ethanol
injection. After a month, rabbits were randomly treated with the calcium phosphate material that resulted more promising after in vitro culture,
with and without autologous bone marrow concentrate. Histological results after 8 weeks showed in treated groups bone metabolic activity,
with the presence of a large number of osteoblasts along trabeculae. Lacunae were found generally filled with osteocytes and bone marrow
appeared more reactive and healthy than untreated group, in which classical histopathological signs of bone necrosis were present, with
empty lacunae in the trabeculae and signs of substitution of normal bone marrow with adipose tissue. Results suggest that materials tested
have promising potentialities for regenerative medicine protocols, open up the possibility to apply a reliable in vitro model with long term bone
culture for preliminary therapy evaluations and to successfully set up an in vivo model of knee osteonecrosis, never described in literature.
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Immunemodulatory biomimetic scaffold to heal critical size chondral defect
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Surgical techniques, including marrow stimulation, autografts and allografts and allografts, result in production of fibrocartilage of inferior quality
and lack of integration. A recent trend for treating cartilage lesions is based on the application of biomimetic materials. Biomimetic materials
retain a unique repertoire of relevant cues involved in tissue regeneration, as chemical composition, physical ultrastructure and biological
activity. In the design of these materials, the main challenge is to modulate the host’s reaction to the material, in particular the response to
foreign bodies mediated by the macrophages. We think that an effective biomaterial-based strategy requires not only the matching of tissue
specific mechanical and functional requirements, but also an in-depth understanding of the interactions between the host innate immune
response to the biomaterial of choice. In particular, macrophages can play both beneficial and detrimental roles in tissue remodeling. Polarized
macrophages can be classified as: (i) classically activated macrophages M1 and (ii) alternatively activated macrophages M2 (anti-inflammatory).
The ability of a biomimetic material to control this switch would improve functional outcome and reduce scar tissue formation toward a better
restoration of the native tissue. We study, in full chondral defect rabbit model, the regenerative effect of a porous collagen functionalized with
chondroitin sulfate scaffold (CSCL) at early (7 days) and long time points (12 weeks) in order to compare the inflammatory reaction with the
regeneration outcome. PCR arrays demonstrated that at early time points CSCL induced the down-regulation of inflammatory and detrimental
genes such as IL-B1, TNF-alpha and MMPs which are correlated with post-traumatic osteoarthritis. CSCL induces, instead, the overexpression of
anti-inflammatory cytokines such as IL-4 and IL-10. Histological and functional evidences after 12 weeks proved that the anti-inflammatory effect
correlated with a better tissue restoration. RNA sequencing highlighted a total different molecular pathway activated by CSCL in comparison
with the untreated defect. All together, these data suggest that the platform we propose is able to accelerate the biological processes in the
chondral tissue. We believe this study described for the first time a chondral repair approach which aim to tune the inflammatory environment
in order to enhance the tissue restoration.
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Nature inspired chemistry and small molecules has led to the development in the field of the material science and biomedical engineering as it
exhibited unique physicochemical properties. Recently, polyphenols extracted from green tea have been widely investigated, due to their
intrinsic properties such as anti-inflammation and radical scavenging. Interestingly, 1,2,3-trihydroxyphenyl group in epigallocatechin gallate
(EGCG) could mimic mussel inspired chemistry through oxidative reactions, and generate tissue adhesive nature. In this paper, we report a
tissue adhesive and immune modulation hydrogel inspired by the mussel chemistry and polyphenol. We conjugated tyramine (HA_T) and
EGCG (HA_E) into hyaluronic acid (HA), and the hydrogel (HA_TE) was fabricated by oxidative reaction using tyrosinase from Streptomyces
avermitillis (SA_Ty). With strong oxidative nature of EGCG, the HA_TE hydrogel can be fast formed in a few seconds. We compared HA_TE
hydrogel with commercial products (cyanoacrylate and fibrin glue) in the aspects of tissue adhesive and sealants. In the lap shear and burst
pressure test, HA_TE exhibited the highest tissue adhesiveness regardless of wetness compared to commercial products. When HA_TE was
applied as tissue adhesive into mouse wound closure, and it successfully closed wound and recovered damaged tissue. Additionally, due to
EGCG naturally possesses anti-inflammation and minimize host recognition, HA_TE hydrogel produced little inflammatory cytokines in vivo that
are comparable to PBS group. This demonstrates that polyphenol based hydrogel might provide a robust platform in the field of both material
science and translational medicine.
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Ultra violet radiation (UVR) induced skin damage and resultant presentation of skin cancer has grown into a major health problem in recent
years. A key challenge for design and development of biomaterials with UV cell protectant features, intended for applications in skin tissue
engineering and regenerative medicine is the presentation of UV-absorbing and tuneable bioactive modalities on the material with low impact
on human health. In UV induced skin damage, the innate capacity of skin cells to survive, produce collagen matrix to maintain tissue
homeostasis is severely hindered. In addition, DNA damage due to the deleterious effects of UVR trigger the formation of metastatic skin
melanomas. This gives rise to the need for niche 'smart' materials that can provide preventive protection and guide regeneration of damaged
skin tissue through the action of UV protective modalities such as natural UV-absorbing molecules known as mycosporines-like amino acids
and mycosporines.1 Collagen from marine-based species such as jellyfish show promise for use in tissue-engineering applications for several
years due their amenability for chemical modifications, solubility, biodegradability and very low toxicity profile towards human tissue.2 In this
study, we present a new engineering approach whereby the mycosporines-like amino acids and mycosporines are covalently bound to
collagen (both jellyfish and rat tail) through simple chemistries. This allows the formation of collagen solutions, and films that can be used for
the aforementioned applications based on strategies described previously.1 The resultant materials exhibit highly desirable properties such as
chemical stability, water-solubility, thermal responsiveness, mechanical robustness, biocompatibility and offer protection for UV induced
damage in skin cells through the formation of a thin film. Another highlight of these materials is the use of marine mimesis approaches, green
and environmentally sustainable methods for the development of the materials with wide ranging medical applications.
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Taking inspiration from fascinating biological systems, including the native extracellular matrix (ECM) surrounding the cells of tissues or organs,
and making use of the pioneering concept of supramolecular chemistry, scientists have been boosted towards the fabrication of ECM-like
supramolecular biomaterials aiming at recreating their dynamic, structural and functional features. Ultimately, those bioinspired artificial
systems are intended to restore, regenerate and/or substitute damaged natural tissues and/or organs while avoiding adverse effects for healthy
ones.
Although very promising for tissue engineering and regenerative medicine (TERM) purposes, current bioinspired supramolecular systems still
lack key features such as control in thickness, composition, and structure, as well as the functional dynamic nature and structural complexity
found in natural systems.
In this work, bioinspired supramolecular multilayered biomaterials comprising negatively charged (ALG) biopolymer and oppositely charged
self-assembling peptide amphiphiles (K3PA) are successfully developed by combining the self-assembly strategy with the electrostatic-driven
Layer-by-Layer (LbL) assembly approach. ALG, an anionic biocompatible polysaccharide extracted from brown algae, is used to trigger the selfassembling capability of oppositely charged K3PA molecule. Furthermore, the prominent LbL assembly approach is successfully employed to
build-up supramolecular multilayered biomaterials with precisely controlled composition, structure and function by repeating the alternate
deposition of both materials. The build-up process is monitored in situ by the quartz crystal microbalance with dissipation monitoring and the
morphological properties analyzed by atomic force microscopy and transmission electron microscopy. The in vitro biological performance is
studied using C2C12 myoblast cells, revealing an enhanced cell behavior on the K3PA-ended supramolecular biomaterials. The developed
supramolecular biomaterials show immense potential for being used as bioinstructive matrices in TERM strategies, including those in muscle
tissue regeneration.
Acknowledgments JB, SGC and MPS acknowledge the financial support by the Portuguese Foundation for Science and Technology (FCT)
through the grants SFRH/BPD/103604/2014, SFRH/BPD/96797/2013 and SFRH/BD/97606/2013, respectively. This work was supported by
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Dynamic supramolecular hydrogels for tissue engineering: from materials design to tissue growth
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There are many differences between the synthetic hydrogels used for tissue engineering and the complex and dynamic natural environment of
a cell. Noticeably, traditional covalent hydrogels do not recapitulate the dynamic and remodelable behavior of a cell’s natural extra-cellular
matrix. Consequently, we have designed and are investigating benzenetricarboxamide (BTA) based supramolecular hydrogels that allow a more
biomimetic synthetic hydrogel for use in tissue engineering. These hydrogels are built from covalent and non-covalent interactions, have a
fibrous morphology, allow modular tuning of mechanical properties, and allow unique visco-elastic properties for the material. These hydrogels
have shown good cytocompatiblity and the ability to support chodrogenesis within a 3D matrix. Utilizing a modular mixing approach, we have
been able to investigate the effect of materials composition on chondrogenesis and growth of chondrocytes within this uniquely dynamic
materials platform. Current efforts revolve around correlating cellular behavior with materials properties, especially with respect to the inherent
timescales of the hydrogel. We find that dynamic hydrogels allow enhanced expansion of tissue, and may become a critical parameter in the
future designed synthetic ECM mimics.
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Adhesion to wet and dynamic surfaces, including biological tissues, is important inmany fields but has proven to be extremely challenging.
Existing adhesives are cytotoxic, adhere weakly to tissues, or cannot be used in wet environments. We report a bioinspired design for
adhesives consisting of two layers: an adhesive surface and a dissipative matrix1. The former adheres to the substrate by electrostatic
interactions, covalent bonds, and physical interpenetration. The latter amplifies energy dissipation through hysteresis. The two layers
synergistically lead to higher adhesion energies on wet surfaces as compared with those of existing adhesives. Adhesion occurs within minutes,
independent of blood exposure and compatible with in vivo dynamic movements. This family of adhesives may be useful in many areas of
application, including tissue adhesives, wound dressings, and tissue repair.
1. Li J.; Celiz A. D.*; Yang J.*; Yang Q.; Wamala I.; Whyte W.; Seo B. R.; Vasilyev N. V.; Vlassak J. J.; Suo Z.; Mooney D. J. “Tough Adhesives for
Diverse Wet Surfaces” Science 2017, 357, 378 – 381.
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Medical device thrombosis can be costly and fatal due to failure of device function requiring device replacement, cessation of blood flow, or
embolism of the thrombus causing pulmonary embolism or stroke. Recently, tethered-liquid perfluorocarbon (TLP) coatings have shown reduce
fibrin polymerization and platelet adhesion and activation in vitro under static and blood flow conditions. In vivo, an extracorporeal circuit
consisting of TLP coated medically approved tubing and cannulae, remained patent for at least 8 hours at 15L/hr of blood flow in a swine
arteriovenous shunt model without the use of any antithrombotic medication (Leslie et al., 2014). However, the mechanism by which proteins
and cells are repelled by TLP remains poorly understood. Here we explore how fibrinogen and blood cells interact with TLP surfaces. Using live
cell fluorescence imaging, fluorescent fibrinogen spiked into whole blood settled and remained static on uncoated wells compared to TLP
coated wells, on which the blood continued to move over time without specific flow conditions. Confocal microscopy in the x, z planes
revealed that this occurs even when the amount of liquid perfluorocarbon is below the limit of detection by microscopy (40X magnification).
The TLP-blood interface is dynamic, showing reduced accumulation of blood components at the interface. This has implications for how
thrombus propagation is reduced on TLP surfaces with regards to the adhesion and local accumulation of blood components vs. protein and
cellular activation. Understanding the mechanism of the low-thrombogenic, repellent properties of TLP coatings will enable improved
application to medical devices and provides insights for design improvements.
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There is still a significant medical demand for sutureless wound closure to simplify surgical/post-surgical procedures and to improve healing
quality due to limited adhesion in wet environments, poor biodegradability, and biocompatibility of existing methods. Herein, inspired by
adhesion mechanism of endoparasitic worms to swell its proboscis for firm attachment to its host’s intestinal tissue, we designed a doublelayered biodegradable microneedle (MN) patch consisting of a non-swellable silk fibroin-based layer and swellable mussel adhesive protein
(MAP)-based tip. With the use of a customized backside vacuum chamber and visible light-activated crosslinking system, a hydrogel-forming
double-layered MN patch was successfully fabricated without separation between two layers with different mechanical properties. Because of
its inherent surface adhesive property from MAP and its shape change-induced interlocking with tissues upon contact with body fluid after
insertion, the bio-inspired MN patch achieved similar tissue adhesive strength to current medical tape on semi-dry porcine skin surface and was
superior to the level of adhesion of the medical tape on wet porcine skin surface. In vivo studies demonstrated successful closure/sealing of
skin and intestinal wounds with minimal tissue damage and healing. Ideally, the swellable MN patch showed the ability to deliver drugs via
both diffusion by swelling and enzymatic degradation. Collectively, our developed bio-inspired swellable and tissue adhesive MN patch can be
used in diverse practical applications ranging from as a sealant for vascular and gastrointestinal defects to as a transdermal drug delivery
vehicle for treatment of skin diseases such as hypertrophic scars and skin cancer.
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In vitro synthesis of bone-like tissue using cell nanofragments
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We have previously reported that cell membrane nanofragments could be nucleation site for mineralization. The objectives of this study were
to fabricate artificial nanofragments from different cells and use these nanofragments for synthesis of in vitro three-dimensional bone-like tissue.
Artificial cell nanofragments were fabricated and collected from chondrogenic cells, osteoblastic cells and fibroblast cells. In vitro
mineralization assay was performed by incubating the cell nanofragments in normal culture medium supplemented with betaglycerophosphate, followed by alizarin red staining, for detection of mineralized material. Electron microscope analysis of the mineral shape
was also performed. Three dimensional bone-like tissue formation was tried by incubating a mixture of cell nanofragments with hydrogels. The
results showed that nanofragments from chondrogenic cells and osteoblastic cells promoted more mineral formation than those from
fibroblastic cells. Three dimensional bone-like tissue was fabricated with hydrogel and nanofragments. Taken together, these results suggested
that cell nanofragments can be used as material for in vitro synthesis of bone tissue.

a80001

01-P105

Biocompatible interpenetrated scaffolds for wound healing processes with bioadhesive properties
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Recent researches are focused on achieving effective wound healing through tissue engineering strategies, however, there are still limitations
such as poor integration with the tissue or the traditional invasive methods used for surgical closures. The aim of this project is the preparation
of a new mussel-inspired hydrogel system composed of Chitosan (Ch), oxidized Hyaluronic Acid (HAox) and a synthetic catechol conjugate
(VHC) obtaining a resorbable biocompatible and bioadhesive interpenetrated network (IPN), able to adhere to body tissues in moist
environments activating the wound healing regeneration process (1-3). Highly stable IPNs obtained with natural/synthetic polymers and
catechol pendant groups are obtained: Ch/HAox (group 1), Ch/HAox/VHC (group 2) and Ch/HAox/VHC/Fe3+ (group 3). Bioadhesion assay
measured on porcine skin using the F2258-05 method from the American Society for Testing and Materials, indicates great adhesion strength
due to the presence of catechol groups. Also, direct seeding of fibroblasts and mesenchymal stem cells on the processed films reveals that the
3D extracellular matrix-mimicking network, swellability and porous framework of the hydrogels provides an appropriate microenvironment for
cell adhesion, migration and proliferation. Furthermore, high antioxidant and antiinflammatory activities coming from the catechol moieties are
found in vitro. Lastly, satisfactory in vivo response of the hydrogels in subcutaneous of Albino Wistar male rats is observed at 1-week postimplantation. A mild inflammatory response is observed and the development of small vessels of focal form is more evident for groups 2 and 3,
indicating an early inflammatory reparation process. This can be attributed to the polymer bearing the catechol groups which improves the
vascularization. Therefore, this catechol containing IPNs possess good bioadhesion, antioxidant and antiinflammatory activities and
demonstrate in vivo biocompatibility, which seem to indicate an enormous potential of application as bioadhesive scaffolds for activate wound
healing regeneration.
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Microvessels generated by co-cultures of endothelial cells with mesenchymal stem cells currently represent one of the most promising
approaches in providing oxygen and nutrient supply for tissue engineering. Specifically, co-culture in a fibrin matrix can be exploited as a
system for cell and growth factor delivery to assist cells in situ in regenerating tissues. Still, to translate this model into clinics several in vitro
parameters including growth medium and scaffold degradation need to be fine-tuned. We recently described the co-culture of adipose-derived
stem cells with endothelial cells in fibrin, resulting in capillary formation in vitro as well as their perfusion in vivo. Here, we aimed to further
characterise microvascular tube formation in fibrin by determining the role of scaffold degradation, thrombin concentration and culture
conditions on vascularisation. We observed that inhibition of cell-mediated fibrin degradation by the commonly used inhibitor aprotinin and
tranexamic acid resulted in impaired vascular network formation. Aprotinin had no effect on laminin and collagen type IV deposition or
formation of tube-like structures in scaffold-free co-culture, indicating that poor vascularisation of fibrin clots is primarily caused by inhibition of
plasminogen-driven fibrinolysis. Co-culture in plasminogen- and factor XIII-depleted fibrin did not result in different vascular network density
compared to controls. Furthermore, we demonstrate that thrombin negatively affects vascular network density at high concentrations.
However, only transient activation of incorporated endothelial cells by thrombin could be observed, thus excluding a long-term inflammatory
response in tissue-engineered micro-capillaries. Finally, we show that vascularisation of fibrin scaffolds in basal medium is undermined because
of increased fibrinolytic activity leading to scaffold destabilisation without aprotinin. This suggests that inhibition of scaffold degradation may
have beneficial effects when using co-culture in serum- and growth factor-free conditions, thereby fulfilling an important prerequisite for clinical
translation of prevascularised tissues. Taken together, our data reveal a critical role of fibrinolysis inhibition in in vitro cell-mediated
vascularisation of fibrin scaffolds.
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Synergistic angiogenic effects enabled by combined release of ion and growth factor
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The safe delivery of ions and growth factors that directly promote the angiogenesis is an important paradigm of tissue regeneration. For this
purpose, we designed a system for co-delivery of ion and growth factor to be more synergistic to enhance new blood vessel. Mesoporous silica
microcarrier was obtained to have mesoporous structure for loading growth factor and to provide abundant source of the silicon ion. Silicon
ion was released in therapeutic range (each time point) and up regulated key angiogenic factors such as bFGF, VEGF, and eNOS by blocking
PHD-2 in HUVECs and stabilizing hypoxia inducing factor 1α (HIF1α). Moreover, VEGF was selected to deliver in mesoporous structure of the
microcarrier for synergizing the angiogenic effect of the silicon ion with sustained release pattern for several weeks. Furthermore, functions of
HUVECs, including cell homing, migration and tubular formation, were significantly promoted by the synergistic effects from the VEGF and
silicon ion. Through CAM assay, enhanced new blood vessel formation was observed in VEGF/Si group compared with Si and control group.
Conclusively, the combined release of silicon ion and VEGF from biomaterials can be a new approach for angiogenesis and tissue repair.

Keyword: Silica, Silicon ion, Angiogenesis, Tissue regeneration,
Acknowledgments: This work was supported by grants from National Research Foundation (Global Research Program no. 20150093829,
Priority Research Center Program no. 2009-0093829), Republic of Korea
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DEGRADATION PROCESS OF 3D PRINTED BIOINKS TO DEVELOP PREDICTION MODEL FOR OPTIMIZING
MECHANICAL BEHAVIOUR OF SCAFFOLD
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The degradation process of the scaffold is a relevant issue to take into account when the mechanical design is carried out. Static analysis
considering the initial physical properties of the biomaterial is not enough to predict the mechanical behaviour of the scaffold during the cell
growth. This paper presents an experimental work to predict the degradation model of two bioinks, sodium alginate with bacterial
nanocellulose composite and gelatin based bioink, modified with methacryloil substitution groups. Samples of both materials were processed
in multi-head bioprinter following crosslinking process with CaCl2 for the sodium alginate and UV light for the gelatine based bioink
respectively. Porous and non porous structures of alginate were compared. Tests at 1,4,24 hours and 3,7,10 days were carried out in cell
culture media (SBF), comparing mass loss and characterizing the sample. Significant loss of mass was measured in the first hours of the test.
Also, porous structures of alginate with nanocellulose by freeze-dry processing were tested under degradation and compared with the ones
made by 3D printing. It was observed that, when the hydrogel was completely dried, the nanocellulose fibrils coalesced, forming a
nanocellulose network. The degradation model was parametrized under a formula depending on the time and initial mass.
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A Proof of Concept for Biomaterial Testing:  Ex Ovo Chorioallantoic Membrane Assay for Pre-Screening
Biomaterials intended for Clinical Application
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Introduction: Chorioallantoic membrane (CAM) of chicken embryos have been used as a model to study angiogenesis in ovo for over 20 years1
Whether or not it could be used as proof of concept for biomaterial testing is currently unknown. We used the ex ovo CAM assay to
substantiate whether structure or composition of a biomaterial could influence its angiogenic properties and therefore, determine the feasibility
and accuracy of this method for biomaterial testing.
Methods: Fertile chicken eggs were incubated for 3 days after which, embryos were transferred to shell-less culture system under sterile
conditions. A range of commercially available and pre-clinical scaffolds for skin and bone were applied to the developing CAMs at day 6 post
ex ovo. The scaffolds tested included but were not limited to Integra®, Matriderm®, demineralized bone matrix (DBM) and polycaprolactone
(PCL). Controls were filter discs soaked in VEGF and PBS. From day 9 to day 12, angiogenesis was examined macroscopically. At day 12,
embryos were sacrificed ethically and angiogenesis in stereomicroscope images of different scaffolds was quantified using ImageJ software.
Results: There was a clear trend between porosity and the degree of angiogenesis, where more porous scaffolds showed a higher percentage
of vascular area relative to the size of the scaffold. This was also dependent on the composition of the scaffold for e.g., a more porous scaffold
made of less angiogenic material like PCL was not as angiogenic as a similarly porous scaffold made of fibrin, which is pro-angiogenic. The data
suggests that there is a fine balance between structure and composition that can positively or negatively influence angiogenesis.
Conclusion: The data obtained from this study suggests that CAM assays can be used as a proof of concept for biomaterial testing prior to in
vivo animal testing. This ex ovo method is safe and inexpensive compared to the currently used methods such as Matrigel assays or ELISAs
which are complex and are far from mimicking the in vivo situation. Importantly, in the light of the principles of reducing animals for research
(NC3Rs), we share the views of the authors who recently published a review in tissue engineering2 suggesting that researchers around the
globe should adopt this technique for biomaterial testing.
References: 1. Schlatter P,et al. Microvasc Res. 1997;54(1):65-73.
2. Moreno-Jiménez I, et al. Tissue Eng Part C Methods. 2017;23(12):938-952.
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Intravital longitudinal imaging of peri-implant endosseous wound healing reveals the role of nanotubular
surfaces in regulating neovascular morphogenesis in vivo
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Nano surfaces have improved the clinical success of implants by increasing the rate at which osseointegration is achieved. However, the
modulating effect of these complex surfaces during the early healing is not fully understood at the cellular level. Neovascularization is
considered an essential prerequisite to osteogenesis as the mesenchymal progenitors of osteogenic cells have a perivascular origin. Thus, our
aim is to examine the effect of nanosurfaces on the spatiotemporal pattern of neovascularization in vivo during peri-implant wound healing.
We developed a new preclinical model that integrates a custom-designed murine cranial metallic implant with an optically transparent
window chamber compatible with intravital imaging systems. We tracked the neovascularization and osteogenesis in the peri-implant wound
site over clinically relevant time scales, from day 3 to 42 post-implantation as a function of implant topography. The morphology of the restablished vasculature was characterized in 3D over time.
The results show that the microvascular density around the nano surface (NT) was significantly higher than the machined surface (MA) at day
7, 11, and 28 post-implantation. 3D analysis of the vascular network revealed that the nano surface contributes to the development of a
radially arranged vascular structure with hierarchical branches spatially closer to the surface of the Ti-implant. Further µCT assessment of the
bone formation showed contact osteogenesis in the healing volumes around the nano surface. However, the non-modified MA surface only
exhibited distance osteogenesis. Thus, nano surfaces not only increased the rate of neovascularization, but also changed the organization, the
spatial pattern, and the architecture of the re-established microvasculature that resulted in a change in the mechanism of peri-implant bone
healing from distance to contact osteogenesis. The knowledge transferred from the current study helps to design endosseous implants capable
of overcoming delayed peri-implant wound healing under diseased conditions such as hyperglycemia through controlling the neovascular rate
and morphogenesis.
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A Clinically Relevant Rabbit Surgical Model of Pelvic Reconstruction to Evaluate the Regenerative Immune
Response to Novel Surgical Materials
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Pelvic organ prolapse, a disorder in which the muscles of the pelvic floor are weakened over time, affects over a million women each year in
the United States [1]. A quarter of these women undergo a reconstructive procedure, increasingly using polypropylene mesh as mechanical
reinforcement to the pelvic floor. However, the number of complications such as chronic pain and mesh erosion/exposure in women with
vaginal mesh implants were reported at rates as high as 10-20 % [1]. This indicates a limited understanding of the host response to mesh in
vaginal tissue and strategies to reduce these complications.
Utilizing a novel surgical technique in New Zealand white rabbits, we implant mesh using the “gold standard” abdominal sacrocolpopexy
procedure and evaluate changes in the immunologic response at early (14 days) and tissue remodeling outcomes at late stages (90 and 180
days) of implantation. The procedure begins with an initial hysterectomy followed by securing two 3 x 12 cm2 pieces of mesh along both sides
of the vaginal wall. The remaining flaps at the top are then secured to a ligament in the sacral/lumbar space, creating the support to the pelvic
organs. Upon closing the incision, mesh is implanted in the abdominal muscle. Both of these implantations of mesh allow for the assessment of
the immune response in the pelvic area (relevant for prolapse patients) and in the abdominal area (relevant for translation from hernia repair).
The mesh-tissue complex was removed from each rabbit and processed for histological staining as well as immunolabeling of immune cells,
such as macrophages. Extracellular matrix protease assays and mechanical integrity of the tissue also evaluate the overall inflammatory
response associated with each implant.
The present study also demonstrates the scaleup of a previous methodology for a nanoscale coating [2]. An ideal mesh would provide
mechanical support to the pelvic floor while decreasing the inflammatory response and increasing integration with the surrounding native
tissue. The results of this study show that implants into vaginal tissues elicited an increased host inflammatory response at 14 days as
compared to those in the abdominal wall. However, at chronic time points the inflammatory response in the vagina was reduced as compared
to that in the abdominal cavity.
References: 1. FDA, Reclassification of Urogynecologic Surgical Mesh Instrumentation. 2016. 2. Hachim, D., et al., Biomaterials, 2016. 112: p.
95-107.
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Tissue responses following implantation of hydroxyapatite-coated PMMA optical cylinder in a rabbit model

Andri K Riau1,2，Nyein C Lwin1，Bo Liedberg2,3，Subbu S Venkatraman2，Jodhbir S Mehta1,2,4
1
Tissue Engineering and Stem Cell Group, Singapore Eye Research Institute, Singapore，2School of Materials Science and Engineering, Nanyang Technological University, Singapore，3Centre for
Biomimetic Sensor Science, Nanyang Technological University, Singapore，4Singapore National Eye Centre, Singapore

Biointegration of keratoprosthesis (KPro) is critical in reducing various long-term complications. Biointegration of KPro occurs between the
haptic skirt (corneal graft) and the central optical cylinder (PMMA). Studies have highlighted a common problem associated with the poor
bonding and biointegration between these two incompatible biomaterials. Addressing this issue could be achieved by performing surface
modification on the PMMA. We have recently established a new dipcoating method to immobilize hydroxyapatite (HAp) nanoparticles on the
PMMA surface and shown an order of magnitude improvement in the adhesion of collagen on the modified PMMA.1 In this study, we coated
HAp on 3-mm diameter PMMA optical cylinders and implanted them in the corneal stroma of the rabbits (n=4). Some rabbits were implanted
with non-coated PMMA to serve as controls (n=4). The rabbits were followed-up for 4 weeks. In vivo confocal microscopy revealed no toxicity
to the epithelial, stromal, and endothelial cells around the HAp-coated and non-coated implants. However, there were more stromal cells found
migrating near the wall of the coated implants at week 4. Fundus photography showed no changes to the optic nerve and optic disc as the
result of implantation over the duration of follow-up in both groups. Slit lamp photography revealed haziness around the non-coated PMMA at
week 4, but the corneal haziness was less pronounced around the HAp-coated PMMA. Following euthanization of the animals, the corneal
tissues were collected and subjected to immunohistochemical analysis. We found higher expression of wound healing markers (fibronectin and
tenascin-C) and inflammatory marker (CD18), and more TUNEL-positive cells (apoptotic cells) in the corneas with non-coated PMMA. There
was a higher expression of fibroblast marker (Thy-1) and myofibroblast marker (α-smooth muscle actin) in corneas implanted with non-coated
PMMA, confirming the slit lamp observation. The results suggested that the corneas elicited a milder response to the HAp coating than to the
PMMA. The milder tissue response and the migration of stromal cells near the HAp after 4 weeks were an indication of the improved
biointegration of the HAp-coated PMMA cylinders into the host corneas. A further safety and performance study in non-human primate using
clinical KPro that is dipcoated with HAp nanoparticles is now warranted.
Reference:
1. Riau AK, Mondal D, Setiawan M, et al. ACS Appl Mater Interfaces 8, 35565, 2016.
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Intraarticular Administration of the Simvastatin-Conjugated Gelatin Hydrogel Attenuates Osteoarthritis
Progression in Mice
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INTRODUCTION:
Simvastatin, an inhibitor of HMG-CoA reductase, has been widely used for the treatment of hypercholesterolemia. It has been reported that
simvastatin suppresses degeneration of human chondrocytes in vitro. The purpose of this study was to examine the effects of intraarticular
administration of the simvastatin-conjugated gelatin hydrogel against OA progression in a mouse OA model.
METHODS:
C57BL/6J wild-type mice were used in this study.
In vivo: OA was induced by destabilizing the medial meniscus of the knee joint in 10-week-old mice. The mice were divided into four groups.
(1) 10% Dimethyl sulfoxide (DMSO) group, (2) Drug-free gelatin hydrogel group, (3) Simvastatin solution group, (4) Simvastatin-conjugated
gelatin hydrogel group. The OA progression at each time point was evaluated histologically using the Osteoarthritis Research Society
International (OARSI) score. The expression of MMP-13, ADAMTS-5, type 2 collagen (COL2) and interleukin (IL)-1β were examined by
immunohistochemistry.
In vitro: Primary mouse epiphyseal chondrocytes were obtained from 6 day-old mice and the first passage cells were cultured in monolayer for
48 hrs. Chondrocytes were first incubated with 0.1 ng/ml IL-1β for 24 hrs and then stimulated with different concentrations of simvastatin (0,
0.1, 1.0 μM) for 24 hrs. Real-time PCR was performed to examine the expression of Col2a1, aggrecan, Adamts-5, Mmp-13.
RESULTS:
The OARSI score was significantly decreased in the simvastatin-conjugated gelatin hydrogel-treated group at postoperative 8 weeks compared
with that in the other three groups. The immunohistochemical analysis also showed the expression of MMP-13 and ADAMTS-5, IL-1β in
chondrocytes were decreased in the simvastatin-conjugated gelatin hydrogel group compared with those in the other three groups at
postoperative 8 weeks, while COL2 was increased. In vitro, the expression of Col2a1 and aggrecan mRNA were significantly increased while
Mmp-13 was significantly decreased by the treatment with simvastatin depending on concentration and under the stimulation with IL-1β.
CONCLUSION:
The progression of OA was delayed by the intraarticular administration of the simvastatin-conjugated gelatin hydrogel in a mouse OA model.
In addition, expressions of MMP-13, ADAMTS-5 and IL-1β were decreased while COL2 was increased in the simvastatin-conjugated gelatin
hydrogel group. Simvastatin-conjugated gelatin hydrogel could be a new treatment for OA.
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Comparative evaluation of maxillary sinus augmentation using dehydrated human amnion/chorion membrane
and resorbable collagen membrane to repair the perforated schneiderian membrane
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The perforation of schneiderian membrane has been known to be the most prevalent intraoperative complication on sinus augmentation. The
aim of this study was to evaluate the efficacy of dehydrated human amnion/chorion membrane (DAC) compared to resorbable collagen
membrane (RCM) to repair the perforated schneiderian membrane in the sinus augmentation model of rabbit.
Bilateral window opening procedures using a 7 mm trephine bur were performed on the nasal bones of sixteen male rabbit, and a total of
thirty two sinus augmentations were done. During the sinus augmentations, circular schneiderian membrane perforations with a diameter of 5
mm were made. Depending on the options to repair the perforated schneiderian membrane, the DAC and RCM groups were classified. In
negative control (NC) groups, no repair was done on the perforated schneiderian membrane, whereas the positive control (PC) groups also
were set in which the sinus augmentions were conducted without schneiderian membrane perforations. The same amount of deproteinized
porcine bone substitutes were subsequently grafted in all 4 groups. After a healing period of 6 weeks, the rabbits were sacrificed for
histomorphometric and micro-computed tomography (micro-CT) analyses.
The micro-CT analysis revealed that the DAC groups showed similar amount of augmented volume to RCM and PC groups, however the NC
group showed more augmented volume than the other groups. In histological findings and histometric analyses, the DAC and CM groups
showed more newly formed bone in the augmented area than NC group, whereas less new bone area than PC group. There was no statistical
difference in new bone area between the DAC and RCM group with the newly formed bone appearing evenly within augmented area, although
minimal new bone formations or inflammatory cells were observed around the perforated schneiderian membrane.
Within the limitation of this study, the DAC could be feasible solution to repair the perforated schneiderian membrane in sinus augmentation,
although it did not show new bone formation as much as sinus augmentation done without the perforation.
Acknowledgements: This research was supported by a grant of the Korea Health Technology R&D Project through the Korea Health Industry
Development Institute (KHIDI), funded by the Ministry of Health & Welfare, Republic of Korea (grant number: HI17C0450).
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Clinically anti-adhesive therapies are mostly based on hyaluronic acid-based membranes, but it is expensive, incomplete coverage, and
uncontrollable mechanical property and gelation time for different patient. In this study, we developed a biocompatible, customized and twostage cross-linked serum hydrogel through different functional group modification. Unlike other one step-crosslinked hydrogel, this serum
hydrogel still show controllable gelation time, mechanical properties, proteolytic degradation, and drug release after gelation by using the 2nd
step crosslinking. This hydrogel retained its integrity in vivo for more than 6 months and was eventually degraded due to hydrolysis. The serum
hydrogel exhibited little cytotoxicity and hemolysis, and the acute inflammatory response after implanting the hydrogel was acceptable. The
soluble chemotherapeutic doxorubicin (DOX) and salicylic acid was encapsulated into the serum hydrogel and the release profile were
controllable by crissliked degrees and methods. We further employed this hydrogel for tumor treatment, demonstrating significantly higher
tumor inhibition efficacy than unloaded hydrogel in the in vitro cells. Furthermore, a mouse model of sidewall defect-bowel abrasion was
employed, and a significant reduction of post-operative peritoneal adhesion has been found. Our study synthesizes a two-stage cross-linked
serum hydrogel that is easy to use and potentially promising for adhesion prevention and drug release for clinical therapy.
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Blood prefabrication subcutaneous small animal model for bone substitute materials evaluation
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Due to the relative big size, large animal bone defect model is usually required for the assessment of bone substitute material particles,
resulting in high cost, complicated operation procedure, ethical issue, difficulties in sample analysis, etc. In this study, we proposed a
convenient and effective subcutaneous small animal model to address these issues. To mimic bone environment, conventional subcutaneous
model requires the addition of osteogenic factors and stem cells, which make it an expensive model with complex experimental procedure.
Blood clot has been reported to provide a nutritionally rich microenvironment for bone defect healing process, including platelets, cells trapped
in fibrin and a series of cytokines and growth factors. Therefore, we proposed to use the blood prefabrication subcutaneous model for the in
vivo osteogenesis assessment, while avoiding additional growth factors and stem cells. CD29+, CD44+, CD90+, and CD45- mesenchymal stem
cells could be detected from the blood cells. Blood also endowed porcine hydroxyapatite (PHA) with a microenvironment enriched with
osteogenic factors (BMP2/6, WNT10b, and OSM), osteoclastic activity related factors (CTSK, MMP9 and TRAP), inflammatory cytokines (IL-1ra,
IL-1β, IL-18 and TNF), angiogenic factors (PDGF-α) and fibrogenic factors (TGF-β1 and TGF-β3). The optimized subcutaneous model
succeeded in testing the PHA’s osteoinductivity, with the results similar to that of the calvarial bone defect, in terms of osteogenesis,
osteoclastogenesis and blood vessel formation. These results collectively imply that blood prefabrication subcutaneous small animal model is
convenient and effective for the assessment of the osteoinductivity of bone substitute materials.
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Aim of the study: Even with modern radiotherapy techniques, approximately 85% of patients will experience a moderate to severe acute skin
reactions in exposed areas. Radiation induced skin injury negatively influences cancer control and prognosis. The aim of the study was to
evaluate the effect of platelet-rich plasma (PRP) treatment on radiation-induced skin injury in an experimental animal model.
Materials and Methods: The umbilical cord blood was used to prepare PRP. Dorsal skin of SKH-1 mice was gently stretched and irradiated using
an X-RAD 320 X-ray irradiator. The examination included clinical observations, barrier function examination, and examination of biopsy
specimens taken from sacrificed animals.
Results: Digital photographs showed the progress in healing of irradiated skin. The wound size in the PRP group was smaller than that of the
untreated groups. In particular, the wounds treated with PRP had almost closed at day 28 whereas the untreated had not closed.
Transepidermal water loss (TEWL) is a physiological characteristic to measure the efficiency of the skin barrier. The TEWL value in the PRP
group was lower than that of the untreated groups. In particular, the TEWL value in the PRP group had decreased almost linear from day 14.
Histological analysis revealed larger amounts of type 3 collagen fibers on the wound bed, indicating the enhancing effect of the PRP on
granulation. Next, we evaluated the epithelial cell proliferation in irradiated skin tissues to verify the relevance of epithelial regeneration.
Keratin 14 and ki-67 were significantly decreased in irradiated group but upregulated in skin tissues from mice with PRP treatment.
Conclusions: Under irradiated conditions, the use of PRP enhances epithelial cell proliferation and granulation in regenerating skin, and raises a
possibility for using PRP for the management of acute skin reactions by irradiation.
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Sutureless Fixation of thin transparent collagen film in ex vivo corneal model
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Corneal collagen film is an ophthalmic corneal shield from collagen designed to deliver pharmacological agents and provide protection over the
surface of the cornea. And, it should have transparency for not obstructing the field of vision and promote the corneal epithelial healing when it
is applied to corneal injuries. In this study, we produced thin transparent collagen film using EDC-NHS crosslinked porcine collagen. Also, we
developed the crosslinking system using UV light and riboflavin for the fixation of thin collagen film without sutures in ex vivo corneal defect
model. Moreover, we found that this system assisted the formation of healthy epithelium in ex vivo corneal model. The corneal collagen film
can be used to promote wound healing for treatment of corneal damages following corneal surgeries, traumas or ulcers. Also, this sutureless
attachment system will provide an exciting new approach for ocular surface restoration.
Acknowledgement: This work was supported by the Industrial Technology Innovation Program (No. 10048358) funded by the Ministry of
Trade, Industry & Energy (MI, Korea).
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Our study aimed to investigate the effect of bone morphogenetic protein-2 (BMP-2) bound to silk fibroin and β-tricalcium phosphate (SF/β
-TCP) hybrid on the healing of critical-size radial defects in rabbits. A 15-mm critical-size defect was induced at mid-diaphysis in the left radius
of 20 New Zealand white rabbits (average age, 3.5 months; weight, 2.5–3.0 kg). The animals were randomized into Group 1 (SF/β-TCP
combined with BMP-2), Group 2 (SF/β-TCP alone), and Group 3 (nothing implanted). Radiographs were obtained every 2 weeks and
euthanasia was performed after 8 weeks for visual, radiological, micro-computed tomography (micro-CT), and histological studies. Eight weeks
after implantation (SF/β-TCP combined with BMP-2), radiographs showed that new bone formed on the surface of the implant and had
bridged the defect in Group 1. Micro-CT imaging also confirmed the formation of new bone around the implant, and the newly formed bone
was quantified. Histological examination revealed newly formed bone in the implanted area. Meanwhile, there was no formation of new bone
in Group 3. Among the groups, most active formation of new bones was found in Group 1, while there was no difference between Group 2 and
Group 3. Based on these results, we concluded that BMP-2-SF/β-TCP showed significant improvement in healing of critical-size defects.
Therefore, the combination of BMP-2 and SF/β-TCP would be useful in the field of bone tissue engineering.
Acknowledgments
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Introduction: Growth factors are vital signaling molecules for cell culture and tissue engineering applications. Immobilization of growth factors
can improve their in vivo halflife (Masters KS, et al, 2011). This study propose a growth factor immobilization strategy via spider silk. The partial
spider silk protein (4RepCT) is produced in bacteria and purified using chromatography (Stark M. et al, 2007). Lately, 4RepCT has been
functionalized with cell binding (Widhe M. et al, 2016), affinity (Jansson R. et al, 2014) and catalytic properties (Jansson R. et al, 2015). Herein,
basic fibroblast growth factor (bFGF) was covalently conjugated to 4RepCT using recombinant DNA technology. Produced silk-bFGF fusion
proteins were studied with regard to its ability to self-assemble onto surfaces, binding to cognate FGF receptor, and finally by 2D and 3D cell
culture studies. The prospect for creation of artificial ECM was proposed by mixing silk-bFGF protein with FN-silk, an engineered spider protein
that promotes enhanced cell adhesion (Widhe M. et al, 2016).
Methods: The silk-bFGF fusion protein was produced in Escherichia coli and purified using IMAC chromatography. Quartz Crystal Microbalance
with dissipation (QCM-D) was used to study the self-assembly of silk-bFGF on a hydrophobic surface. Surface Plasmon Resonance (SPR) was
performed to study the binding between silk-bFGF and FGFR. In order to confirm the bioactivity of immobilized silk-bFGF, endothelial cells
(HUVECs) were seeded on silk coatings (2D) & within fibers (3D), and cultured in medium devoid of supplemented growth factors (MII). Alamar
blue and live/dead viability assays were used to examine the viability of seeded cells. Cytoskeleton staining was used to study cell spreading.
Results: The purified silk-bFGF fusion protein has the propensity to self-assemble into silk-like fibers despite fusion with bFGF (17.2 kDa).
QCM-D studies confirmed surface adsorption and self-assembly of silk-bFGF proteins into coatings. Culture of HUVECs in MII medium on
coatings (2D) and fibers (3D) containing both silk-bFGF and FN-silk exhibited better cellular attachment, proliferation and spreading when
compared to the individual counter parts and non-functionalized silk.
Conclusions: Altogether, the results confirm the bioactivity of bFGF conjugated to silk. Thus implying that silk materials functionalized with
bFGF can be utilized for in vitro cell culture, and also as an ECM mimicking tissue engineering scaffold.
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Relevance of Hyaluronate Molecular Weight for Regenerative Medicine Applications

Miroslava Rysova，Lenka Martinova
Institute for Nanomaterials, Novel Technologies and Innovation, Technical University of Liberec, Liberec, Czech Republic

The functional design of the tissue engineering scaffolds and drug delivery systems capable to trigger intended cell actions has been the
leading topic for regenerative medicine over the last decades. Inspiration and lessons taken from nature has led to creation of biomimetic
structures by implementation and combination of precise surface topography and material composition. Such as combination is capable to
determine cell fate and set a defined degradation time and kinetics. And more importantly, the biomaterial composition and the degradation
products released may serve as information-rich molecule able to run selected cellular processes. Hyaluronic acid possesses such information
richness depending strongly upon the molecular weight and is interesting candidate for drug delivery systems and scaffolds formation. Choice
of the chain length and concentration can be then the trigger to start desired actions in terms of wound healing and angiogenesis. In this work
we explored effects of five HA molecular weights - ranging from 8 kDa to 1500 kDa, and different its concentrations on wound healing and
angiogenesis on human dermal fibroblasts (NHDF), keratinocytes (HaCat) and vein endothelial cells (HUVEC). Effects on cell proliferation and
migration and collagen production were studied in vitro. MTT metabolic activity tests, scratch-wound healing assay and tube formation assay
were performed. Expression of selected relevant genes was studied using RT-PCR. Obtained results give a coherent picture about importance
of hyaluronic acid properties chosen for your system of scaffold construction.
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Hydrogels that Promote Cell-Cell Interactions Enhance Therapeutic Activity of Mesenchymal Stromal Cells

Taimoor H Qazi1，David J Mooney2，Georg N Duda1，Sven Geissler1
Julius Wolff Institute, Charité Universitätsmedizin Berlin, Berlin, Germany，2John A. Paulson School of Engineering and Applied Sciences, Harvard University, Cambridge, USA

1

Introduction:
Mesenchymal stromal cells (MSCs) are attractive cell candidates for regenerative medicine applications due to their differentiation capacity
and their ability to secrete bioactive cytokines and growth factors. Controlling their function has been a long-standing goal of designing
biomaterials for cell therapies. While intensive efforts in the past decade have elucidated that biomaterials can effectively guide cell fate and
differentiation, it remains unclear how material properties influence the paracrine activity of MSCs. Here, we used hydrogels (gels) to investigate
the effect of structural cues (macro- and nano- porosity) on the paracrine activity of MSCs.
Methods:
C, and lyophilized. MSCs were seeded onto
To create macroporous gels, RGD-alginate (2 % w/v) was crosslinked with Ca2+ ions, frozen at -80°
the gels at a density of 2x105 cells/gel. To create nanoporous gels, MSCs were encapsulated in RGD-alginate prior to crosslinking. Serum free
conditioned media (CM) was harvested and used to study paracrine effects on myoblasts in in vitro assays. ELISAs and cytokine arrays were
used to quantify concentration of secreted growth factors. Fluorescence microscopy was used to visualize cell morphology and N-cadherin
expression was assessed with qPCR. N-cadherin blocking experiments were performed by pre-incubating the cells with a neutralizing antibody
prior to cell seeding or encapsulation.
Results:
MSCs in macroporous gels secreted significantly higher levels of various cytokines and growth factors (e.g. IGF, VEGF, HGF, LIF, and FGF)
compared to those in nanoporous gels. Macroporous-CM also exerted more potent paracrine effects on myoblast migration, differentiation,
viability, and proliferation. The difference between the two gel groups was attributed to the formation of N-cadherin based cell-cell contacts in
macroporous – but not nanoporous – gels. Functionally blocking N-cadherin attenuated the paracrine effects of MSCs in macroporous gels to
the same level as nanoporous gels.
Conclusions:
Changes in the physical microenvironment of MSCs - such as porosity and structure - can dramatically improve the therapeutic potential of
MSCs, and can potentially lead to better outcomes of cell therapies in the clinic. Strategies to further harness cell-cell interactions could prove
to be a promising approach to enhance the regenerative capacity of multipotent cells such as MSCs.
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Evaluation of nanoclay gel mediated Bone Morphogenetic Protein delivery in an ovine femoral condyle defect

David Mark Gibbs，Cameron Black，Josephine McEwan，Janos Kanczler，Jonathan Ian Dawson，Richard Oreffo
Bone and Joint Research Group, University of Southampton, UK

Introduction
Bone Morphogenetic Protein (BMP) has shown significant promise in the stimulation of fracture healing and arthrodesis. However, inefficient
BMP delivery methods necessitate the use of supra-physiological doses which have resulted in significant side effects including osteolysis and
heterotopic ossification. We have previously demonstrated the ability of an injectable nanoclay gel (Laponite) to facilitate BMP2 mediated
ectopic bone formation in a murine model at doses 3,000 fold lower than the currently used clinical dose. The aim of this study is to evaluate
the ability of nanoclay gel to facilitate BMP2 mediated bone formation in a large animal model, specifically, the ovine femoral condyle model.
Methods
Bilateral defects 8mm diameter, 10mm depth were made in medial femoral condyles of sheep. Nanoclay gel with BMP with or without
collagen, and current clinical treatment InductOS were placed in defects and assessed in comparison with autograft and blank controls.
Endpoints were bone volume formed within the defect assessed using micro CT (Skyscan 1176) and histology at 10 weeks.
Results
Autograft mediated significantly greater bone formation within the defect than blank control, thereby validating our model. Nanoclay gel BMP
composites spontaneously set at point of implantation and mediated bone formation within the defect with no adverse effects.
Conclusion
We have confirmed this ovine femoral condyle defect model is an appropriate method for assessment of bone formation at a scale relevant to
clinical practice. Critically, we demonstrate nanoclay gels were efficacious in mediating delivery of BMP without adverse effects, a finding of
great significance to optimization of BMP delivery systems for clinical orthopaedic practice.
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M-CSF-treated PLLA Modulates Inflammatory Cytokine Expression and Promotes Angiogenesis
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INTRODUCTION: Poly-L-lactic acid (PLLA) is a biodegradable scaffold commonly applied in tissue repair. Unfortunately, the functionality and
durability of implanted PLLA is often compromised by an exaggerated foreign body reaction (FBR). M1/M2 phenotypic polarization of
macrophages is known to be a critical regulator of scaffold-induced FBR. Macrophage colony-stimulating factor (M-CSF) has also been
demonstrated to stimulate macrophage into a M2-like polarized state, leading to immunosuppression and tissue repair promotion. In the
present study, we explored the modulatory effects of surface bound M-CSF on PLLA-induced FBR.
METHODS: Flat sheets of PLLA were produced by electrospinning, consisting of ~1.0µm fibres. M-CSF was covalently coated on the surface of
PLLA via plasma immersion ion implantation (PIII). M-CSF treated-PLLA with PLLA-only and PLLA-PIII were assessed in vivo in a mouse
subcutaneous implant model. Mice (n=5) were euthanized at 3days, 7days, 2weeks and 4weeks post-surgery to explore M2 macrophages
(CD68+/CD206+), related cytokines (pro-inflammatory: IL-1β, TNF, MCP-1; anti-inflammatory: IL-10, TGF-β) and angiogenesis (CD31) by
immunofluorescent staining.
RESULTS: More M2-polarized macrophages were found in M-CSF-treated PLLA (36±6% vs 10±1% in PLLA-only, p<0.001) at 7days, leading to
higher levels of anti-inflammatory cytokines IL-10 at 7days (30±6% vs 14±2% in PLLA-only, p<0.05), and TGF-β at 3days (35±4% vs 13±1%
in PLLA-only, p<0.01) and 7days (53±4% vs 27±9% in PLLA-only, p<0.001). Lower levels of pro-inflammatory cytokine were also detected in
M-CSF-treated PLLA in the early-phase immune response compared to PLLA-only: a ~25% decrease at 3days and a ~18% decrease at 7days in
IL-1β; a ~38% decrease at 3days and a ~45% decrease at 7days in TNF; a ~17% decrease at 3days and a ~21% decrease at 7days in MCP-1.
Moreover, enhanced angiogenesis was shown in M-CSF-treated PLLA at 3days (27±4/mm2 vs 14±4/mm2 in PLLA-only, p<0.01) and 7days (27
±3/mm2 14±2/mm2 in PLLA-only, p<0.01).
CONCLUSION: Coating M-CSF onto PLLA surface enhances M2 polarization, corresponding to lower levels of pro-inflammatory cytokines
together with higher levels of anti-inflammatory cytokines, and promotes angiogenesis at early stage of FBR. This work suggests M-CSF surface
coated materials have an overall reduced FBR with implications for their improved efficacy.
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Controllable Preparation of SB-3CT Loaded PLGA Microcapsules for Traumatic-Brain-Injury Pharmaco-therapy

Jumei Xu，Xiaobin Hua，Zhenhao Xi，Liang Shen，Hong Chen，Lian Cen
School of Chemical Engineering, East China University of Science and Technology

This study is to explore controllable preparation of poly (lactic-co-glycolic acid) (PLGA) microcapsules to load 2-[[(4-phenoxyphenyl)sulfonyl]
methyl]-thiirane (SB-3CT) for traumatic brain injury (TBI) pharmacological therapy. Capillary-based microfluidic method was proposed to
prepare SB-3CT loaded PLGA microcapsules. Drug loading and release behavior of the corresponding PLGA microcapsules were evaluated and
correlated with their degradation profile. The obtained PLGA microcapsules had a golf-featured morphology and high mono-dispersion. Precise
control on the size and size distribution of the microcapsules could be achieved by varying the geometry of the capillary device and operation
parameters to yield uniform and reproducible PLGA microcapsules in the range of 35-65 µm. A high drug encapsulation efficiency of 99% within
the obtained PLGA microcapsules with a releasing duration of around 50 d was ensured. Pharmacological therapy of TBI was tried by local
injection of PLGA-SB-3CT suspension in rats at the trauma site after TBI. The protection on brain tissue upon administration was demonstrated
by accelerated behavioral recovery (beam balance and beam walk latencies, and spatial memory ability) and reduction in the neuronal cell
apoptosis in CA2 and hilus hippocampus as well as the injury cortical region. Hence, PLGA-SB-3CT could serve as a promising pharmacotherapeutic option for TBI treatment.
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Fluorescent Tagging of Interleukin-4 for Visualizing In-Vivo Release from Coated Polypropylene Mesh

Alexis Lauren Nolfi1,2，Daniel Hachim1,2，Aimon Iftikhar1,2，Bryan N Brown1,2,3
1
Department of Bioengineering, University of Pittsburgh, Pittsburgh, Pennsylvania, USA，2McGowan Institute for Regenerative Medicine, Pittsburgh, Pennsylvania, USA，3Department of
Obstetrics, Gynecology, and Reproductive Sciences, University of Pittsburgh, Pittsburgh, Pennsylvania, USA

Polypropylene mesh is commonly used for tissue repair but is associated with complications. Excised mesh-tissue complexes from patients
experiencing complications is characterized by abundant pro-inflammatory macrophages. Macrophages, however, are plastic cell types with
phenotypes along a spectrum of pro-inflammatory and pro-remodeling/anti-inflammatory extremes. It has been demonstrated that modulation
of phenotype during initial stages of healing could prevent chronic inflammation, improving downstream outcomes. Previous work has shown
that an IL-4 eluting coating for polypropylene mesh initially polarizes macrophages to the pro-remodeling/anti-inflammatory phenotype,
resulting in mitigation of the foreign body reaction downstream. However, timing and duration of the in-vivo immunomodulatory release of IL-4
(and its effect on macrophage phenotype transition) is important for timely shift to anti-inflammatory phenotypes and eventual resolution of
inflammation. To customize the release of IL-4 in a spatial and temporal way, we aim to use fluorescently tagged IL-4 with live-animal in-vivo
imaging in animals implanted with coated mesh. Successful visualization of IL-4 release will be important for eventual varying of release profiles
in order to correlate coating patterns to downstream integration outcomes.
IL-4 was subjected to fluorescent labeling with AlexaFluor 594. To provide the most relevant in-vivo release profile, it is important that the
fluorescently tagged protein maintain bioactivity. IL-4 polarizes macrophages to a pro-remodeling phenotype with increased arginase-1
production; therefore, tagged IL-4 vs untagged IL-4 was supplemented into the media of naïve macrophages. The in-vitro culture assay showed
that tagged and untagged IL-4 produced equivalent levels of increased arginase-1 when compared to macrophages that were cultured in
media without supplementation, (i.e., fluorescent tag doesn’t affect bioactivity). Finally, tagged IL-4 was loaded into a dermatan sulfate-chitosan
layer-by-layer coating of polypropylene mesh using previously established protocols and imaged. Confocal imaging showed a uniform signal in
the red channel of mesh coated with fluorescently tagged IL-4, indicating incorporation of the tagged protein into the coating. In-vivo
implantation of this tagged mesh will allow daily live-animal imaging of the same animal until loss of signal so that release profiles can be
manipulated and then correlated to downstream outcomes.
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4-Hexylresorcinol increased level of MMPs in the macrophages and accelerated proteolysis of silk sutures

KwangGill Lee，Yongchan Lee，Ansook Kim，Yuri Jeong，Jihye Jung
Spenser Biomedical technology

Silk suture has been widely used for surgical field and regarded as a non-resorbable material. As silk suture is mainly composed of silk fibroin
protein, it is slowly degraded by proteolysis with the help of macrophage. 4-Hexylresorcinol(4-HR) is a well-known antiseptic. In this study, the
biodegradability of 4HR-incorporated silk sutures were compared to that of untreated silk sutures and polyglactin 910 sutures, a commercially
available resorbable suture. 4HR-incorporated silk sutures exhibited anti-microbial properties. Matrix metalloproteinase(MMP) can digest a wide
spectrum of proteins. 4HR increased MMP-2, -3, and -9 expression in RAW264.7 cells. MMP-2, -3, and -9 were able to digest not only silk
fibroin but also silk sutures. Consequently, 59.5% of the 4HR-incorporated silk suture material remained at 11 weeks after grafting, which was
similar to that of polyglactin 910 degradation(56.4% remained). The residual amount of bare silk suture material at 11 weeks after grafting was
91.5%. The expression levels of MMP-2, -3, and -9 were high in the 4HR-incorporated silk suture implanted site 12 weeks after implantation. In
conclusion, 4HR-treated silk sutures exhibited antimicrobial properties and a similar level of bio-degradation to polyglactin 910 sutures and
induced highter expression of MMP-2, -3, and -9 in macrophages.
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Extracellular matrix mimetic injectable hydrogel that stabilize recombinant human bone morphogenetic
protein-2 and improve bone formation in vivo

Oommen Varghese1，Jons Hilborn1，Shujiang Wang1，Tommaso Casalini2
1
Department of Chemsitry-Angstrom Laboratory, Uppsala University, Sweden，2Institute for Chemical and Bioengineering, Department of Chemistry and Applied Biosciences, ETH Zurich,
Vladimir-Prelog-Weg 1, 8093 Zurich, Switzerland

Designing injectable gels that mimic the natural extracellular matrix (ECM) has been of great interest in the field of regenerative medicine.1 We
have previously demonstrated that hyaluronic acid (HA) hydrogel having hydrazone crosslinkages could be used for efficient delivery of
recombinant human bone morphogenetic protein-2 (rhBMP-2) and form bone in vivo within 6 weeks when injected below the rat periostium.2
Though rhBMP-2 is very potent for inducing bone formation, recently, extensive debate has taken place on the clinical use of rhBMP-2 since
several complications in patients has been observed. This is mainly due to supraphysiological dose that is clinically used since the collagenbased BMP-2 carrier is inefficient and does not stabilize rhBMP-2 in vivo.3
We have devised a new strategy to engineer hydrazone crosslinked HA hydrogel such that it differentially interact with rhBMP-2 and provide
different release kinetics of the bioactive protein.4 In order to understand the binding affinity between HA modification and the heterodimer
structure of rhBMP-2, we performed computational analysis by performing molecular docking followed molecular dynamics experiments. The
results of the computational analysis clearly indicated that electrostatic and Van der Waals interactions play a predominant role in stabilizing
rhBMP-2 and control its release.4 To further understand the significance of protein release on bone formation, we performed in vivo bone
induction experiments in a rat ectopic model. The in vitro release experiments corroborated very well with the in vivo experiments, which
clearly indicate that improving BMP-2 interactions with HA has major impact in stem cell recruitment and bone induction in vivo. Such a
biomaterial design strategy could also be easily adapted to deliver other growth factors for different biomedical applications.
References: 1. Place ES. Nature Mat. 2009;8:457-470
2. Martínez-Sanz E et al.. J Control Rel. 2011;152:232-240
3. Carragee EJ. Spine J. 2011;11:471-491.
4. Yan et al. Biomaterials 2018;161;190-202
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Spatiotemporal release of growth factors by localized hydrogel embedding and chemical decoration for enhanced
vascularization and bone regeneration

Guocheng Wang，Wei Tang，Dandan Ye
Shenzhen Institutes of Advanced Technology, CAS

Insufficient angiogenic ability and osteoinductivity are the two main problems hindering the application of artificial bone scaffolds in the criticalsized segmental defects repair. Incorporation of growth factors in bone scaffolds is considered as an efficient strategy to accelerate tissues
regeneration. However, how to realize high-efficient loading, controllable release and bioactivity preservation is still a challenging topic for
material scientists. In this study, 2-N,6-O-sulfated chitosan (26SCS) and gelatin methacryloyl-based hydrogels (GelMA) were jointly utilized to
chemically decorate mesoporous bioactive glass (MBG) scaffold to realize a spatiotemporal release of osteogenic factor of BMP-2 and
angiogenic factor of VEGF. Cell culture experiments proved that the scaffolds with spatiotemporal release of BMP-2 and VEGF obviously
enhance osteogenesis and angiogenesis in vitro. Unilateral hindlimb ischemia model was used to study the in vivo osteogenesis and
angiogenesis and results proved that the scaffold with spatiotemporal release of BMP-2 and VEGF significantly promoted vessel formation and
accelerated bone healing. Our study possibly provides some guidance for the design of new bone materials with “intelligent” delivery of growth
factors.
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Carbodiimide bioconjugation of platelet-rich plasma releasate to sodium alginate
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Alginate can be modified to crosslink by many mechanisms making it an extremely versatile polymer with widely tunable mechanical
characteristics. Additionally, carbodiimide chemistry can be used to modify side chains to enhance bioactivity. In this study, the authors
characterized the functionalization of lyophilized platelet-rich plasma (PRP), which contains a milieu of proteins with –NH chains, by forming an
amide bond between proteins and alginate. As the calcium content directly effects mechanical strength as well, the varying strengths of protein
binding were tested in both internally and externally gelled alginate. Currently, no studies have attempted to characterize the mechanical
effects of PRP peptide functionalization. Alginate at 1% w/v PBS (M:G ratio 1.4-1.6) was modified with lyophilized PRP releasate by either direct
incorporation into the matrix, or by carbodiimide protein conjugation onto the polymer backbone. Five concentrations of PRP were used, from
0.12 – 6 mg/mL, with plain alginate used as control. Conjugation was confirmed by FTIR, protein diffusivity, and cell adhesion assays. PRPalginate hydrogel (n = 3) physical properties analyzed included swelling changes and relative microstructural differences. Viscoelastic and
mechanical property changes were recorded via rheology, cyclic (5-20% strain, 50 cycles) and ultimate compression (80% strain). Statistical
analysis was performed via GraphPad Prism software using 2-way ANOVA, unless otherwise specified. PRP is an autologous, highly accessible,
and inexpensive alternative for which to enhance alginate bioactivity. By binding the PRP proteins to the alginate backbone, elution from the
alginate is directly dependent on the rate of alginate degradation after a burst release of unlinked peptides. Conjugation significantly reduced
burst elution above 2.5 mg/mL EDC with internally gelling alginates; external gelation reduced overall diffusion due to the tight surface
crosslinking and showed reduction in conjugated elution after 5 mg/mL EDC. Ultimate and cyclic properties showed similarities between
functionalized and encapsulated counterparts up to 5 times the initial conjugate concentrations, when functionalizing significantly altered
hysteresis, peak stress, and young’s modulus values. Overall, two conjugate concentrations are identified; 0.6 mg/mL PRP-alginates are optimal
for cell adhesion and protein retention and 0.24 mg/mL PRP-alginates for retention of mechanical properties.
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PVA-Heparin Hydrazone Crosslinked Hydrogels for Prolonging Growth Factor Release

Penny Martens，Justine Roberts，Brooke Farrugia，Rylie Green，Jelena Rnjak-Kovacina
UNSW Sydney

Heparin has many beneficial properties that have been researched for use in a range of biomedical applications. Of particular importance to
this work is heparin’s ability to bind, stabilise and release a range of growth factors (GFs). Our goal was to covalently incorporate heparin in a
poly (vinyl alcohol) (PVA) based hydrogel to enable a more tailored delivery of GFs. Specifically, we aimed to create stimuli responsive
hydrogels using hydrozone crosslinking. These gels present a mild, in situ crosslinking strategy that allowed us to encapsulate basic fibroblast
growth factor (bFGF) and vascular endothelial growth factor (VEGF), which are both known to be heparin binding molecules that
synergistically enhance angiogenesis.
PVA-aldehyde, PVA-hydrazide and heparin-aldehyde macromers were synthesised using established techniques. Hydrogels were formed at 10
wt% in aqueous solution (1 aldehyde:1 hydrazide) with varying amounts of heparin (0-1 wt%). Both GFs (25 ng/gel) were encapsulated in PVA
only and PVA-heparin hydrogels. The addition of heparin into the gels demonstrated a slower and more controlled release profile, as
compared to PVA only hydrogels. In order to demonstrate that the released GFs retained their biological activity, a BaF32 cell assay, whose
cellular activities are directly related to the presence of both functional active heparin and GFs was undertaken. It was clearly shown that these
cells responded in similar way to the heparin and GFs released from the gels as they do to native heparin and GF, demonstrating retained
bioactivity of FGF released from the hydrogels. Released bFGF also promoted human umbilical vein endothelial cell (HUVEC) outgrowth over
24 h and proliferation for 3 days. Released VEGF promoted HUVEC migration but did not significantly modulate proliferation. Dual-growth
factor release from PVA-heparin hydrogels resulted in a synergistic effect with significantly higher HUVEC outgrowth compared to either GF
alone. In conclusion, this work has shown that PVA-heparin hydrogels can be used for GF encapsulation, that encapsulated GFs retain their
bioactivity, and we can achieve controlled release of multiple growth factors from these gels. All of this combines to demonstrate the potential
of these gels in tissue regeneration applications.
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Heparin-modified Type I-Collagen Gel for Controlled Release of Pleiotrophin for vascular medicine
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Post-implantation vascular graft failure is mainly caused by in-graft thrombosis and intimal hyperplasia. A fast endothelialisation has the benefit
of reducing these events. Grafts enrichment with pro-endothelialisation molecules has been proposed as an effective solution. Pleiotrophin
(PTN) [1], a secreted cytokine known for its role in angiogenesis, was reported to ameliorate endothelial cells (ECs) viability and migration
ability if compared with Stromal Derived Factor 1 (SDF-1), a chemokine known for its role in angiogenesis and already used for improving
vascular grafts endothelialisation. To better control the release of PTN, specific non-covalent interactions were used to stabilize and immobilize
it within a collagen scaffold, through an affinity delivery system specific to Type I collagen gels. Heparin has been widely used in the formulation
of affinity delivery systems due to its ability to sequester, stabilize and protect growth factors and cytokine [2]. Therefore, the objective of this
work was to develop a controlled release system for PTN. Type I collagen gels were used as scaffold for the release system. To increase the
binding of PTN to the gel and to prolong its release over time, heparin have been freely added to the standard gel formulation. Mechanical
assessment and immunofluorescence-based collagen fibers quantification were performed to evaluate the effects on the structural and
mechanical properties of the gels after the addition of heparin. PTN-specific ELISA assay has been used to analyse the ability of the heparinmodified collagen gels to bind and released PTN over time in a controlled way. The effects of the released PTN on the viability of ECs has been
evaluated by Alamar Blue Cell Viability Assay and hemocompatibility tests have been performed to analyse the effects of the addition of both
heparin and PTN on the hemocompatibility properties of the collagen gels. Results confirmed that the addition of heparin to collagen gels does
not modify the mechanical properties of the native gels but helps the release of PTN over time. Moreover, the beneficial properties towards
ECs were preserved, conferring at the same time better hemocompatibility to the collagen gels. In conclusion, PTN-heparin-modified collagen
gels demonstrated a clear added value in vascular medicine because of the enhanced biological performances.
1)Deuel TF, et al. Arch Biochem Biophys. 2002; 397(2): 162-171.
2)Sakiyama-Elbert SE. Acta Biomater. 2014; 10(4): 1581-7.
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A bilaminated decellularized scaffold with the paracrine factors of mesenchymal stem cells for wound healing
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Tissue engineering scaffolds can provide protection and support for wound repair, revascularization and tissue reconstruction. The lots of
factors secreted from bone marrow mesenchymal stem cells (MSCs) can accelerate the vascularization and tissue regeneration. There is an
urgent need for methods or materials to repair the wound quickly. According to characteristics of the skin structure and wound repair
mechanism, a bilaminated decellularized scaffold (CDS) was fabricated with two layers in this study, while the collagen layer can promote the
revascularization and be used as the growth factors delivery. MSCs paracrine supernatant fluid by culturing with serum or not was obtained,
and used the protein array technology to detect the production of growth factors. It was shown that in the normal wounds and diabetic
wounds of SD rats, compared with the control group (treatment the wound with saline) and vaseline gauze treated group, after processing, the
combined CDS group significantly lower viscera index, wound healing rate was significantly higher, fibroblast growth factor-2-2 (FGF-2-2)
secretion and vascular endothelial cells of the wound were richer after 7 and 14 days, and the wound healing had almost been done after 28
days. Our study demonstrates that the CDS combined with paracrine factors of MSCs can better repair skin wound of normal and diabetic
models, and provides a new industrialized product selection for wound repair.
Key words: Mesenchymal stem cells, Paracrine secretion, Decellularized material, wound healing
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Injectable basic fibroblast growth factor (bFGF)-loaded alginate/hyaluronic acid hydrogel for rejuvenation of
aged larynx
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As we enter into an aging society around the world, patients with laryngeal atrophy and dysfunction are increasing. Patients with decreased
laryngeal function have symptoms of voice change, dysphagia, and aspiration pneumonia, which not only decrease the patient's quality of life,
but also affects their lives. Although injection laryngoplasty has been widely performed for dysfunctions of larynx, it cannot recover intrinsic
functions of larynx. Thus, we fabricated an injectable alginate/hyaluronic acid hydrogel loaded with bFGF for inducing rejuvenation of aged
laryngeal muscle. We found suitable in situ forming bFGF–loaded alginate/hyaluronic acid hydrogel for injection laryngoplasty by adjusting
concentration of materials and identified bFGF release profile from the hydrogel. After 1 month and 3 months of injecting the hydrogel into
laryngeal muscle of 18-month-old rat, rejuvenation efficacy of the bFGF-loaded hydrogel was evaluated by qPCR, histology, immunefluorescence staining and functionality analysis. bFGF-loaded hydrogel induced an increase in expression of myogenic regulatory factor-related
genes, decrease of interstitial fibrosis, hypertrophy of muscle fiber, proliferation of muscle satellite cells, and angiogenesis. In addition, bFGFloaded hydrogel led successful vocal-gap-closure in the functionality analysis using high-speed camera. Therefore, bFGF-loaded alginate/
hyaluronic acid hydrogel can be a candidate for laryngoplasty with therapeutic effect for the rejuvenation of aged larynx
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Injectable thermosensitive hydrogel for bone tissue engineering
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Department of Molecular Science and Technology, Ajou University, Suwon, Korea

We prepared a covalently bone morphogenetic protein-2 (BMP2)-immobilized hydrogel that is suitable for osteogenic differentiation of human
periodontal ligament stem cells (hPDLSCs). BMP2-covalently immobilized on an injectable hydrogel (MC-BMP2) was prepared quantitatively by
a click reaction between alkyne groups on BMP2-OpgY and azide groups on MC-N3. Thermosensitivity of MC-BMP2 was observed around body
temperature. In vivo osteogenic differentiation of hPDLSCs in the MC-BMP2 hydrogel was confirmed by histological staining and gene
expression analysis. Histological staining of hPDLSC-loaded MC-BMP2 implants showed evidence of mineralized calcium deposits, whereas
hPDLSC-loaded MC-Cl or BMP2-OpgY mixed with MC-Cl, implants showed no mineral deposits. Additionally, MC-BMP2 induced higher levels of
osteogenic gene expression in hPDLSCs than in other groups. In conclusion, the injectable in situ-forming MC-BMP2 may be used for
noninvasive administration of therapies for bone tissue engineering.
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Fabrication, characterization and biological activity of poly(vinyl alcohol) hydrogel containing
chitooligosaccharides conjugated with gallic acid
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1
Department of Biomedical Engineering, and Center for Marine-Integrated Biomedical Technology (BK21 Plus) Pukyong National University, Busan 48513, Republic of Korea，2Marine-Integrated
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Acne vulgaris is one of the most common skin disease which almost all teenage suffer from. And, Propionibacterium acnes (P. acnes) plays a
key to induce inflammation leading to acne as well as decrease defense system against oxidative stress. So, the antibiotics, such as the
macrolides, tetracyclines, azelaic acid and erythromycin, are used to reduce microorganism proliferation and inflammation. However, the
antibiotic treatment has side effects including cytotoxicity, allergic and diarrhea. Therefore, resent studies have focused on the development of
alternative antimicrobial materials. We synthesized chitooligosaccharide (COS) with gallic acid (GA) by the hydrogen peroxide mediated
method and evaluated antioxidant and antimicrobial activity. Then, we fabricated PVA hydrogel with chitooligosaccharide conjugated with
gallic acid (GA-COS) for acne treatment. As a result, GA-COS with 5-10 kDa showed the excellent antimicrobial activity and improved
antioxidant activity against P. acnes compared with COS. In addition, the PVA hydrogel with GA-COS showed the inhibition effect on
intracellular ROS generation and antimicrobial activity than others.
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Osteogenesis of lower elastic modulus titanium alloy surface immobilized with growth factor-containing gelatin
nanoparticles through a natural cross-linker

Nai Chi Chen1，Ying Sui Sun2，Her Hsiung Huang2
Institute of Oral Biology, National Yang-Ming University, Taipei, Taiwan，2Department of Dentistry, National Yang-Ming University, Taipei, Taiwan
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Ti-24Nb-4Zr-8Sn (Ti2448) alloy is a new developed β-type titanium alloy with good biocompatibility and mechanical properties, especially the
low elastic modulus (approximately 42 GPa) close to nature bone (< 40 GPa). The low elastic modulus decreases the risk of stress shielding
effect which may lead to the following bone resorption and orthopedic implant loosening. However, Ti2448 surface is still bioinert, which may
result in a slow osteogenesis with surrounding bone. In the study, we used a unique surface modification process, combining the physical
(sandblasting), chemical (acid etching and alkaline immersion) and biological (growth factor immobilization) treatments, to improve the
osteogenesis of Ti2448 alloy. The gelatin nanoparticles (GNPs), containing vascular endothelial growth factor (VEGF; V), fibroblast growth
factor-2 (FGF-2; F) and bone morphogenetic protein-2 (BMP-2; B), were immobilized on roughened Ti2448 alloy surface using natural crosslinker genipin (VFB-GNPs/Ti2448). Besides, the surface characteristics and human bone marrow mesenchymal stem cells (hBMSCs) responses
were evaluated. According to ISO 10993-5, the cytotoxicity of VFB-GNPs/Ti2448 was evaluated in vitro. The results showed that the
noncytotoxic VFB-GNPs could enhance the surface wettability and hBMSCs responses, including cell proliferation and differentiation, of Ti2448
alloy. The proposed surface modification process had great potential for low elastic modulus Ti2448 alloy in orthopedic applications.
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Serum Derived Exosomes for the Delivery of Curcumin as Antioxidants

Eunseo Choi，Gayeon You，Hyejung Mok
Konkuk University, Seoul, Republic of Korea

Curcumin-based nanoprobes could monitor antioxidant activity via fluorescence intensity. We used fluorescent curcumin (Cur) as an
antioxidant molecule and loaded it into exosome, which is biocompatible nanocarrier derived from bovine serum. After incorporation of Cur
within exosome, we determined improved Cur stability at physiological condition and measured enhanced antioxidant activity by DPPH assay
and H2O2 scavenging assay. Cur within exosome showed higher fluorescence intensities compared with free Cur that has low fluorescence
intensities due to autoxidation of free Cur. To prove feasibility of Cur within exosome as intracellular antioxidant fluorescence monitoring
probe, we measured cellular antioxidant activity of Cur and Cur within exosome in macrophage and used ascorbic acid as negative control.
Additionally, Cur within exosome demonstrated low cytotoxicity compared to free Cur at high concentration. Cur within exosome could be also
determined effective Cur protection from rapid degradation in vivo after subcutaneous injection and incubation.
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Degradation of S53P4 bioactive glass by osteoclasts
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In vivo degradation of S53P4 bioactive glass (BAG) is slow and this hinders the full regeneration of bone [1]. Little is known about the influence
of cells on this process. Literature shows attachment of inactive osteoclast-like cells on BAG surfaces and hindering of osteoclastic
differentiation by soluble silica [2,3]. The aim of this study was to gain insight into the role of osteoclasts (OCs) in the degradation of BAG in
physiological fluid conditions, where precipitation of calcium phosphate (Ca-P) on BAG is expected [4,5].
Our study shows that mononuclear cells could successfully differentiate into OCs in the presence of the dissolution ions of BAG, evidenced by
the observation of multinucleated, TRAP expressing cells surrounded by an actin ring, under fluorescence microscopy. No significant differences
were observed in cell size and number of nuclei, compared to control samples that were cultured in equal conditions, but in absence of BAG
dissolution ions. Using SEM, resorption pits were observed on smooth BAG discs that were pre-soaked in PBS to develop a Ca-P layer prior to
cell seeding. EDS could not show a clear silica content in the resorption pits, indicating incomplete resorption of the Ca-P layer. The resorption
pits observed on the BAG discs showed a very smooth and uniform surface, in contrast to the rough resorption pits observed on control
hydroxyapatite discs. These smooth surfaces suggest that the OC was hindered to resorb further, probably by the silica underneath the Ca-P,
as observed previously [2,3]. However, re-growth of Ca-P on the surface during the sample preparation for analysis could not be ruled out.
We observed active OCs on pre-soaked BAG, suggesting that they can play a role in the degradation of the Ca-P surface layers but not on the
BAG material itself. Although the role of in vivo degradation of BAG by OCs may be different, hindering by silica might be a reason for OCs to
play only a minor role in the in vivo degradation of BAG.

Acknowledgements: This study was sponsored in kind (materials) by BonAlive Biomaterials Ltd. and financially supported by the European
Union’s 7th Framework Program (FP/2007-2013)/grant agreement No. 336043.
References: [1] Lindfors NC, et al. JBMR - B 2010, [2] Wilson T, et al. JBMR - A 2006, [3] Mladenović Z, et al. Acta Biomater 2013, [4] van
Gestel NAP, et al. Biomed Int Res 2015, [5] Detsch R, Boccaccini AR, J Tissue Eng Regen Med 2014
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Cell Response to Zirconia Surface Immobilized with Bone Morphogenetic Protein-2 Using A Natural Cross-Linker

Jing Ying Chen，Ying Sui Sun，Her Hsiung Huang
Department of Dentistry, National Yang-Ming University, Taipei, Taiwan

As compared to the titanium, zirconia (ZrO2) has been increasingly used as dental implant due to its ivory-like color and chemical stability.
However, the surface of zirconia is still bioinert and will not easy to have a fast osseointegration with the surrounding bone. Researchers have
been focusing on the surface modification of zirconia to modify the bioinert character and then facilitate the osseointegration. However,
suitable surface modification for ZrO2 is very limited in the literature. In this study, we used sandblasting to produce a roughened surface on
ZrO2 (designated ZS group), and the bone morphogenetic protein-2 (BMP-2) was immobolized on the ZS surface using a natural cross-link
genipin to enhence the biofunction and osseointegration. The surface characteristics, cytotoxicity (according to ISO 10993-5) and human bone
marrow mesenchymal stem cells (hMSCs) responses of the test specimens were evaluated. The results showed that a noncytotoxic BMP-2
layer was successfully immobilized on the ZS surface. As compared with the unimmobilized ZrO2 surface, the BMP-2 immobilized ZrO2 surface
had higher surface free energy and better hMSCs responses, including cell adhesion, proliferation, mineralization and differentiation. This study
provides a simple and unique process to improve the hMSCs responses to roughnened ZrO2 surface. The proposed surface modification
technique was expected to be used in the ZrO2 dental implant applications.
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In vivo evaluation of a novel bioactive bulking agent for the long-term treatment of stress urinary incontinence
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Stress urinary incontinence (SUI) is involuntary leakage of urine due to normal daily life activities. The primary cause of SUI is the weakness of
the pelvic floor muscle complex and/or of the urethral sphincter muscle complex, caused by mechanical trauma during childbirth or agerelated hormonal changes. It causes a great deal of distress and embarrassment, as well as significant costs. The use of vaginal slings and
injectable bulking agents are two of the common treatment modalities for this condition. They either reposition the urethra and strengthen the
pelvic floor muscles or re-establish urethral outlet resistance, both improving closing of the urethra responsible for SUI upon increased interabdominal pressure. However, due to risk of infection, irritation, inflammation, and urine retention, the performance of vaginal sling procedures
is still under discussion [1]. The use of injectable bulking agents is preferred due to its less invasive nature. Currently, there is no commercially
available bulking agent, providing functional tissue regeneration to overcome SUI. In this study, a novel collagen-fibrin based bioactive bulking
agent has been tested in a rabbit bladder model. The bioactive fibrin micro-beads were functionalized with a recombinant insulin-like growth
factor-1 (α2PI1-8-MMP-IGF-1) using a droplet microfluidic system. Preliminary results showed that our bioactive bulking agent triggered neosmooth muscle tissue formation at the injection site 3 months after the surgery. Therefore, this new bioactive bulking agent might offer
functional regeneration of urinary tract smooth muscle tissue for long-term treatment of stress urinary incontinence.
Reference:
1. Torky H, El E, Ashraf A, Fathy H.Efficacy of the pubovaginal rectus fascia sling in the management of female patients suffering from complex
intrinsic sphincteric deficiency (type III stress urinary incontinence). Evidence Based Women's Health Journal. 5, 72-75, 2015.
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Evaluation of ADSC's Ability to Trans-differentiate into Chondrocyte from Gellan Gum Hydrogel Scaffolds with
Platelet-rich plasma

Minjoung Choi，Giwon Lee，Jin Su Kim，Jeong Eun Song，Gilson Khang
Dept. of BIN Convergence Technology, Chonbuk National University

Platelet-rich plasma (PRP) is blood plasma that has been enriched with platelets and it is used as a non-surgery treatment for treating cartilage
damage. PRP's platelet contain a number of proteins to promote chondrocyte differentiation and protection such as TGF-β, IGF, PDGF. In this
study, PRP were compound with 2% Gellan-gum to make scaffold for chondrocyte regeneration. Incorporation PRP with Gellan-gum, investigate
the possibility of trans-differentiation of ADSCs to chondrocyte and examine the effect of PRP ratio on cartilage regeneration. Cells were
compound with scaffolds before it were harden. Evidence of cartilage regeneration was found in 2 weeks. PRP-GG scaffolds were analyzed
using scanning electron microscope (SEM), compressive strength, MTT assay for cell proliferation, RT-PCR for expression of mRNAs and
histological analysis, etc. Rabbit adipose derived stem cells were used In vitro biological compatibility. In results, Gellan-gum loaded 20% PRP
have the highest proliferation under the same conditions. Furthermore, at the RT-PCR result, PRP showed the trans-differentiation tendency of
ADSCs to chondrocyte. Thus, the Gellan-gum with PRP scaffolds can be used as a substitute for trans-differentiation to chondrocyte.
Acknowledgment: This research was supported by a grant of the Korea Health Technology R&D Project (HI15C2996) through the Korea Health
Industry Development Institute (KHIDI), funded by the Ministry of Health &Welfare, and the International Research & Development Program
(2017K1A3A7A03089427) of the National Research Foundation of Korea funded by the Ministry of Science, ICT & Future Planning
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Titanium Pins Coated with FGF-2-Apatite Composite Layers for External Fixation
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Masashi Yamazaki3
1
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Surgery, University of Tsukuba，4Department of Emergency Medicine, University of Tsukuba

Fibroblast growth factor (FGF)-2-apatite composite layers were formed by coprecipitaion of FGF-2 with apatite on titanium screws by
immersing the screws in supersaturated calcium phosphate solutions containing FGF-2. The titanium screws coated with the FGF-2-apatite
composite layers were implanted percutaneously in rabbit tibia. The coated screws highly prevented bacterial infection at the interface
between the screw and skin tissue, and were associated with improved bone formation mechanically stabilizing the screws. In addition,
interfacial soft tissue bonded to the FGF-2-apatite composite layer was not a fibrous connective tissue but a tissue having structural similarity
to the periodontal membrane around a tooth that is rich in blood vessels and Sharpey’s fibers. This periodontal membrane-like tissue could
contribute to the prevention of bacterial infection. Then, the rate of bone apposition to screw surfaces was evaluated histomorphometrically.
On average, screws coated with FGF-2-apatite composite layers showed a significantly higher bone apposition rate than the uncoated or
apatite-coated screws. However, the FGF-2-apatite composite layers have a much more marked effect on reducing the incidence of impaired
bone apposition than on enhancing the bone apposition rate. Weibull plot analysis revealed that the risk of impaired bone apposition was
>100 times lower for screws coated with the FGF-2-apatite composite layers than for screws free of FGF-2 (uncoated screws plus apatitecoated screws). An initial clinical trial of external fixation treatment using titanium pins coated with the FGF-2-apatite composite layer
commenced at the University of Tsukuba Hospital.
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Use of low molecular weight fucoidans, heparan-mimetics from brown seaweed, to design bioreactive bone
substitute
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Periodontitis or peri-apical pathologies usually lead to teeth loss and alveolar bone crest resorption; a major problem for maxillofacial recovery.
In periodontal surgery, autologous bone graft is regarded as the best procedure to resolve bone defect. Unfortunately, use of autologous
material is limited in volume and surgical procedures increase operating time, patient pain and risks of donor site morbidity. Thus, clinicians
have turned toward purely mineral materials or organo-mineral materials such as human highly purified bone matrix (hpBM). hpBM could be an
effective remedy owing to their mechanical properties, their porosity close to human bone and their ability to promote cell adhesion on a
preserved collagen network. However, faster bio-integration of freezed bone allograft than hpBM is observed. Indeed, hpBM preparation
process maintains its mineral fibrillar collagenous matrix but eliminates most of other bone matrix proteins and its capability to regulate growth
factors bioavailability. Low Molecular Weight (LMW) fucoidans are sulfated polysaccharides from brown seaweed which are heparan-mimetics,
promoting and protecting growth factors. Their polyanionic nature allows electrostatic interaction with polycationic collagen bundles. So the
use of fucoidans would be interesting to restore the hpBM capability to trap growth factors. Our previous works demonstrated that LMW
fucoidans promote colonization of xenogenic hpBM by human osteoblasts1.
In this study, we used human medullar stromal cells (hMSCs), potentially comprising mesenchymal stem cells, cultured in humanized
osteogenic media containing human platelet lysate, β glycerophosphate and ascorbic acid-2 phosphate to seed Fucoidan bioactivated hpBM.
Our results show that LMW fucoidans promote osteoblatic differentiation of hMSCs as shown by a stronger alkaline phosphatase expression
and a precocious extracellular matrix mineralization. After 20 and 30 days of culture, scanning electron microscopy shows that Fucoidan
bioactivated hpBM were deeper, faster and more importantly settled by MSCs than non bioactivated biomaterials. Our results also show a
more important synthesis of osteoid layer at the surface of fucoidan bioactivated hpBM trabeculae. Thus, our results show that the collagen
matrix within hpBM could be advantageously used to interact with LMW Fucoidans in order to design a bioreactive biomaterial with faster in
situ integration.
Reference:
1. Changotade S et al. EP1986712, 2016.
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Cell Response to Zirconia Surface Immobilized with Type I Collagen Using Natural Cross-linker for Dental Implant
Applications

Chun Miao Hsu，Her Hsiung Huang
Department of Dentistry, National Yang-Ming University, Taipei, Taiwan

Zirconia (ZrO2) dental implant has good biocompatibility and corrosion resistance, and its color is similar to the natural tooth. However, ZrO2
surface still belongs to bioinert, which may not achieve osseointegration rapidly. In order to improve the bioinert character of ZrO2 surface,
suitable surface modification is very necessary. However, very limited information on the surface modification of ZrO2 is available in the
literature. The aim of this study was to enhance human bone marrow mesenchymal stem cells (hMSCs) responses to ZrO2 through surface
biomolecule immobilization. In this study, ZrO2 surface was roughened using sandblasting (designated ZS group). ZS was immersed in alkaline
solution for pretreatment (designated ZSA group). The ZSA was immobilized respectively with the natural cross-linker, procyanidin (designated
P group), type I collagen (designated C group), and mixture of procyanidin and type I collagen (designated P/C group), respectively. Results
showed that type I collagen was successfully immobilized on ZrO2 surface. Comparing with C group, P/C group surface presented higher
quantity and stability of type I collagen. For cell responses, all the test groups were potentially non-cytotoxic. Among the test groups, P/C
group showed the best cell adhesion, proliferation and differentiation of hMSCs. In this study, we provide a simple and novel method to
immobilize type I collagen on bioinert ZrO2 surface for dental implant applications and expect that this surface treatment has great potential in
clinical applications.
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Immobilization of Platelet-rich Plasma-released Growth Factors on ZrO2 Dental Implant Surface Using Natural
Cross-linker for Enhancing Anti-inflammation and Osteogenisis

Ying Sui Sun，Her Hsiung Huang
Department of Dentistry, National Yang-Ming, Taipei, Taiwan

Zirconia (ZrO2) is another alternative as dental implant material because of its good biocompatibility, low plaque affinity and tooth-like color.
Various growth factors released from platelet-rich plasma (PRP) can promote the inflammatory response, wound healing and bone formation,
especially for the aged patients. In this study, the growth factors released from PRP were immobilized on the sandblasted and alkaline-treated
ZrO 2 surfaces using a natural cross-liner genipin in order to improve the anti-inflammation and osteogenesis. Human bone marrow
mesenchymal stem cells (hMSCs) were used to evaluate the osteogenic response; the macrophage-like cells, differentiated from the human
monocytic cell line THP-1, were used to analyze the anti-inflammatory response. Results showed that the surface-modified ZrO2 surface
induced the PRP activation, in terms of the growth factors release. These PRP-released growth factors further enhanced the hMSCs
differentiation and THP-1 response (i.e. adhesion and differentiation to macrophage). The proposed unique surface modification has a high
potential to enhance the anti-inflammation and osteogenesis of ZrO2 dental implant surfaces.
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Fabrication of Functionalized Hyaluronate-based Terpolymeric Hydrogel with Microporous Architecture for
Bioactive Molecules Release and Tissue Engineering Applications  
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Herein, we report synthesis and characterization of a novel terpolymeric hydrogel consists of sodium hyaluronate, 2-hydroxyethyl acrylate, and
poly(ethylene glycol) diacrylate for bioactive molecules release and bone tissue engineering applications. To accomplish elasticity, wellmannered porous architecture with sufficient gel strength, 2-hydroxyethyl acrylate has been first grafted onto hydroxyl groups of hyaluronate
via free radical polymerization using potassium persulphate as initiator, and then crosslinked grafted network using diverse amounts of
poly(ethylene glycol) diacrylate. The structure and compositions of the synthesized terpolymer have been verified by different physio-chemical
analyses. The terpolymeric gel showed pH-dependent release of bioactive molecules such as DMOG as a bioactive molecule for osteogenesis
and angiogenesis, and TCN as an antibiotic at 37°
C. The in vitro cell study results ascertained that the prepared gel supported excellent
osteoblastic MC3T3 cell adhesion, proliferation, and viability, which are stimulated by interconnected porous structure and 3D network of the
gel. The H&E, and MT staining results of the in vitro cell cultured samples confirmed that the native gel itself provides excellent environment for
the regeneration of extracellular matrix and collagen, even in absence of any external bioactive molecules after 3 weeks. Finally, the novel
biocompatible gel could be employed as matrix for DMOG and TCN delivery, as well as in bone tissue engineering applications.
References:
1. Das D, Zhang S, Noh I, Biomedical Materials, 2017, https://doi.org/10.1088/1748-605X/aa8fa1
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The effects of silk proteins on osteoblast diffentiation
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Silk is a natural macromolecule obtained from silkworms and can easily obtain a large amount of pure protein. It is known that silk protein
supports effectively cell proliferation. In this study, we investigated the effect of silk protein on osteoblast differentiation. Silk proteins obtained
from five silkworm varieties were separated into sericin and fibroin, respectively. The silk proteins were treated during stem cell culture or
osteoblast differentiation. As a result, the diffentiation inducing effect was higher fibroin than sericin, and in white cocoon than in colored
cocoon. Also the effect on silk protein treatment time was higher during stem cell culture than at the time of differentiation. But considering
economical efficiency, it is effective to treat silk proteins at the time of differentiation. We expect that silk proteins could be used as an
alternative to expensive osteoblast differentiation inducers.
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Protective effects of platelet gel on radiation induced salivary gland cell damage
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Background: Radiation therapy used in the management of head and neck malignancies causes complications such as severe salivary gland
(SG) dysfunction and xerostomia, and it is necessary to have an effective treatment strategy. Platelet gel is defined as autologous platelet
derivatives with a platelet concentration higher than baseline. Platelet gel is widely used in different areas of Regenerative Medicine in order to
enhance wound healing processes. In this study, we confirmed the effect of platelet gel on SG cell dysfunctions by radiotherapy.
Materials and Methods: The platelets were separated from the blood of male SD rats (220±20 g) and activated with collagen (2 ug/ml) to
obtain platelet gel. The proliferation rate of human primary SG cells treated with/without 5% platelet gel was checked by CCK8. The amount of
PDGF-AB, TGF-β in platelet gel, the superoxide dismutase (SOD) and amylase activity of cell supernatant were determined by ELISA. Histologic
examinations and TUNEL (Terminal Deoxynucleotidyl Transferase Biotin-dUDP nick and labeling) assay of cell block were performed.
Results: The proliferation of SG cells was significantly reduced by irradiation at 2 and 7 Gy. In addition, the proliferation rate of SG cells treated
with 5% platelet gel after irradiation was significantly higher than that of untreated SG cells. The SOD activity in platelet gel treated SG cells
was higher than in untreated SG cells. As a result of immuno-histochemistry, the expressions of pP21 and 8-OHdG were reduced in the platelet
gel treated SG cells compared with the untreated SG cells. In addition, the number of apoptotic cells was markedly decreased in platelet gel
treated SG cells, compared to the untreated SG cells.
Conclusion: Treatment with platelet gel right after radiation therapy could be used protective agent against radiation induced SG dysfunction.
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Effect of Fibre Angle of 3D Printed PLA Scaffolds on Human Dental Pulp Stromal Cells’ Attachment, Growth and
Osteogenic Differentiation in vitro and in vivo
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3D printing of scaffolds offers great potential to tailor their geometrical designs that gives potential to modulate micro-scaffold environment for
improved cellular attachment and growth. This study aimed to determine the effect of fiber angle in 3D printed poly-lactic acid (PLA) scaffolds
on attachment, growth and differentiation of human dental pulp stromal cells (hDPSC) in vitro and in vivo. hDPSCs were obtained from
extracted teeth of three different donors, obtained with informed consent from patients attending Leeds Dental Institute and used at passage
4. PLA scaffolds containing fibers angled at either 45°or 90°were prepared via 3D printing. Four hours after seeding, cell attachment on the
scaffolds was evaluated using fluorescent calcine live cell marker and indirect cell counting via hemocytometer. The constructs were then
cultured in osteogenic medium for up to 5 weeks in vitro and examined at different time points using SEM, histology and
immunohistochemistry. For in vivo evaluation, the constructs were implanted in diffusion chambers intraperitoneally in athymic mice for a
further 8 weeks prior to retrieval and processing for histology. In vitro, cellular attachment on the 45°angled PLA scaffolds was found to be
significantly greater than that on the 90°angled PLA group (p<0.0001). After 3 weeks in culture, SEM showed almost full closure of interfibrillar macro-pores with contiguous cell sheets in the 45°angled PLA scaffolds compared to the 90°angled group where limited cellular
bridging was present. After 5 weeks, histology showed marked cellular growth and new tissue formation, with +ve immune-reaction to bone
markers (collagen I, osteocalcin and osteopontin) regardless of fibre angle. In vivo histological evaluation revealed that constructs in the 45°
angled PLA group showed stronger Von Kossa staining compared to that of the 90°angled PLA group. This study showed that 45°angled 3D
printed PLA enhanced hDPSC attachment, cellular bridging and possible mineralisation both in vitro and in vivo compared to the 90°angled
group, illustrating the potential use of this kind of 3D printing pattern in bone tissue engineering.
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Developing a new generation of breast implants via multi-material 3D printing and FEM-guided topology
optimization

Mina Mohseni，Xin Yang，Dietmar W. Hutmacher，Nathan J. Castro
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Breast cancer is one of the most common cancers affecting women’s life often resulting to partial or full mastectomy. Elective breast
augmentation is an option for patients looking to restore their emotional well-being, but complications related to foreign body reaction causing
capsular contraction, rejection and rupture persist due to the inert nature of traditional implants. Breast tissue is composed of a large volume
of highly vascularized fat (37%) which presents constraints from a regenerative perspective. Current clinical treatment options include
harvesting autologous fat from a secondary site in the form of a free vascularized flap or injectable fat are available options for a select patient
population which is extremely invasive resulting in donor site morbidity or necrosis. Therefore, researchers have been motivated to employ
tissue engineering strategies in an effort to regenerate breast tissue. In this study, a patient specific biodegradable implant was developed to
support autologous fat tissue within a porous structure while degrading and actively providing volume for mature tissue development. Based on
our previous work related to delayed fat injection, the composite scaffold provides a structural bed of capillary formation prior to fat injection
while maintaining structural integrity for long-term tissue remodelling and regeneration. Through the combination of multi-material 3D printing
and finite element modelling topology optimization, a new shell-based scaffold design exhibiting tunable mechanical properties as well as
degradation rate is addressed. A series of medical-grade monofilaments were evaluated and a design library of scaffold topologies were
characterized via finite element modelling to optimize the external and internal scaffold geometry. In addition, a channel structure was
designed, optimized, and embedded into the scaffold to serving as a network for even distribution of injected fat.
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Graphene Oxide/Chitosan Scaffold As An Electrically Conductive Intermediary Applied In Cardiac Tissue
Engineering

Li Li Jiang，Dao Yu Chen，Zhong Min Zhang，Zhen Wang，Yang Liu Xia，Hong Yu Xue
School of Life Science and Medicine, Dalian University of Technology Panjin, Liaoning, China

Abstract—Myocardial tissue engineering was considered to be the most expectant therapy for the treatment of myocardial diseases. Superior
scaffold not only has the potential to provide growth support for cardiomyocytes but also is beneficial for promoting the transmission of
electrical signals between cardiomyocytes, forming a continuous electrical conduction system. Here, we prepared conductive scaffolds with
porous structure and electrical conductivity composed of chitosan (CS) blending with graphene oxide (GO) for cardiac tissue engineering. We
found that the swelling, porosity, and conductive properties of GO/CS scaffolds could be modulated via adjusting the ratio of graphene oxide
to chitosan in our study. More importantly, GO/CS scaffolds conductivity ( ≈0.7×10 -5 S·cm -1) fell in the range of reported conductivities for
native myocardium tissue and had swelling ratio ranging from 23.20 to 27.38 (1000%). Furthermore, we assessed their biological activity by
seeding H9C2 cells in GO/CS scaffolds. Our data showed that these GO/CS scaffolds exhibited good cell viability, promoted cell attachment
and extracellular matrix formation, upregulated expression of the cardiac specific gene and protein involved in muscle conduction of electrical
signals (inconnexin-43). Overall, it is concluded that the GO/CS scaffolds promoted the properties of cardiac tissue constructs, demonstrated
an ideal scaffold for cardiac tissue engineering
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Cell-Seeded Synthetic Scaffold for Esophageal Regeneration

Sherif Soliman，Sumati Sundaram，Tina Roffidal，Jeff Bouchard，William Fodor
Biostage Inc.

Esophageal diseases may require resection of the damaged portion. Current standard of care requires the replacement of the esophagus with
stomach or the intestine. Such procedures have high rates of mortality and morbidity and highly affect the quality of life of patients. The use of
alternative conduits is needed. A tissue engineering approach that allows for the regeneration of esophageal tissues would have significant
clinical application. In this study, we describe a bioengineered construct that is comprised of a synthetic scaffold laden with autologous cells
that can be surgically implanted to guide regeneration of the esophagus. The tubular synthetic scaffold was created with electrospun
polycarbonate-based polyurethane. This was designed to provide a microenvironment conducive to cellular proliferation, with special
attention given to the morphological properties, microstructure characteristics, and surface chemistry. In our preclinical model, autologous
adipose-derived mesenchymal stem cells were isolated, expanded, and seeded on the scaffold. The 6 cm scaffold was implanted in big animal
models in place of a 5 cm circumferential resection of the esophagus. Functional, biochemical and histological techniques tracked host tissue
growth and stability. The electrospun scaffolds were compromised of smooth, randomly oriented fibers. The mechanical analysis results
ensured that the scaffolds can withstand the physical forces applied during surgery and esophageal remodeling. In vitro, the construct
dependably carried metabolically active cells that released bioactive molecules supportive of surgical repair and restoration of esophageal
function. In vivo trials resulted in tissue growth that were observed to reconstitute the esophagus with a high degree of continuity and integrity
after circumferential full thickness surgical resection. Progressive esophageal regeneration, mediated by a acellularized scaffold, was observed
over the course of this study, as a result from these animals showed gradual structural regeneration of endogenous esophageal tissue layers,
including squamous esophageal mucosa, submucosa, and blood vessel formation. The results demonstrate the feasibility of this approach to
facilitate the regeneration of full thickness circumferential defects after esophageal resection as would be clinically required for esophageal
malignancy.
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Biofunctionalization of mechanoinducing scaffolds with multi-layered cell sheets for the advanced bone tissue
engineering

Ekaterina A. Grebenik1，Varvara D. Grinchenko1，Semyon N. Churbanov1,2，Nikita V. Minaev2，Viktor N. Bagratashvili2，Yury A. Rochev3，

Peter S. Timashev1,2

1
Institute for Regenerative Medicine, Sechenov First Moscow State Medical University, Moscow, Russia，2Institute of Photonic Technologies, Research Center “Crystallography and Photonics”,
Russian Academy of Sciences, Moscow, Russia，3National University of Ireland, Galway, Ireland

Currently, there are an enormous variety of methods and biomaterials used for fabrication of bone-tissue substitutes. However, optimization of
their properties aiming to improve functional and structural restoration of a damaged tissue is still an urgent task. In this study we aimed to
produce the hybrid tissue-engineering constructs able to reproduce the phenotype and biomechanics of bone tissue in its native state. The
constructs were made with biocompatible, biodegradable, mechanoinducing scaffolds and multi-layered cell sheets. The scaffolds were
produced from hyaluronic acid-coated polylactide microparticles using surface-selective laser sintering method. Hyaluronic acid coating
enabled wetting of the particles with water that, consequently, served as the photosensitizer. Finally, the scaffolds were reinforced by the
treatment with Irgacure 2959 photoinitiator followed by UV irradiation. Resulting scaffolds were thoroughly characterized in terms of structural
and mechanical properties, biocompatibility and mechanoinduction using a set of cutting-edge materials testing techniques. It was shown that
surface mechanics of the scaffolds dramatically varies depending on the temperature, presumably, due to thermolabile properties of the
scaffold polymer which promote swelling of the surface due to water absorption. The scaffolds had porous structure and rough surface
providing successful adhesion and expansion of bone marrow mesenchymal stromal cells both from single-cell suspension and cell sheets.
Additionally, it induced calcium deposition by the cells associated with osteogenic differentiation. Grafting the mechanoinducing scaffolds with
a functional multi-layered biointerface is an innovative and highly promising approach to facilitate host tissue-implant integration.
Acknowledgments: This work is supported by the Russian Science Foundation under grant # 17-15-01487.
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Hydrogel mediated relationship between local inflammation and osteogenic capability
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INTRODUCTION
In literature, it is widely reported that during the bone healing process a local inflammation is functional to the tissue repair via the stimulation
of angiogenesis, cellular differentiation and remodeling phenomena1. In case of a major bone injury which requires a surgery procedure and a
bone graft in order to fill the fracture’s gap, the inflammation plays a triple role: i), it is essential to promote the bone’s repair; ii) it becomes
necessary to avoid compromising surgery-derived infections and iii) if not regulated, could lead to graft rejection with consequent serious
complications. Due to these reasons, the research is developing increasingly better biomaterials that do not harm the host and are as much as
possible biocompatible and bio-absorbable, but something more could be done. The implementation of anti-inflammatory drug, loaded into the
biomaterial, is proving to be a good option to modulate the in situ inflammatory response, granting a balance between the two proinflammation-needed situations and the anti-inflammation-needed implant rejection avoidance. Within this concept, the present study
developed a biomineralized composite hydrogel, based on chemically-modified hyaluronic acid and in situ synthesized hydroxyapatite, loaded
with Diclofenac Sodium (DS), a well-known anti-inflammatory drug. The aim is to modulate the inflammatory response while maintaining the
osteogenic capacity of cells, also enhanced by material properties. The composite hydrogels were loaded with the DS and then seeded with
mRAW macrophages in order to observe the effects of drug on pro and anti-inflammatory markers, cells viability and morphology. Then, for
mMC3T3 osteoblasts the conditioned media (media + cytokines produced by macrophages) was used to evaluate the effect of released
cytokines on the expression of specific markers involved in osteogenesis (OPN, RUNX, ALP, OCN) by RT-PCR. A correlation between the DS’
effects on the inflammation-related molecules and the retaining of the osteoblasts’ osteogenic capability was successfully demonstrated.
REFERENCES
1. Mountziaris PM, Mikos AG. Modulation of the Inflammatory Response for Enhanced Bone Tissue Regeneration. Tissue Engineering Part B,
Reviews 14(2),179-186, 2008.
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Ovine Tendon Collagen Type I:  A Rapid Treatment of Full Thickness Skin Loss
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Full-thickness skin wound is a common skin complication affecting millions of people worldwide. Delay in treatment resulted loss of skin
function and integrity that could lead to the chronic wounds or even death. This study aimed to develop a rapid wound treatment modality
using ovine tendon collagen type I (OTC-I) bio-scaffold with or without non-cultured skin cells. Genipin (GNP) and carbodiimide (EDC) were
used to crosslink OTC-I scaffold to improve its mechanical strength. The physicochemical, biomechanical, biodegradation, biocompatibility and
immunogenicity properties of OTC-I scaffolds were investigated. The efficacy of this treatment approach was evaluated in an in vivo skin wound
model. The results revealed that GNP cross-linked OTC-I scaffold (OTC-I_GNP) demonstrated better physicochemical and mechanical
properties compared to EDC cross-linked OTC-I scaffold (OTC-I_EDC) and non-crosslink OTC-I scaffold (OTC-I_NC). OTC-I_GNP and OTC-I_NC
unraveled no cells toxicity as it promoted higher cell attachment and proliferation of both primary human epidermal keratinocytes (HEK) and
human dermal fibroblasts (HDF) compared to OTC-I_EDC. Both OTC-I_GNP and OTC-I_NC exhibited an ability as a template to form bilayer-like
skin structure in vitro. No sign of immunogenic response was detected in vitro and in vivo among all OTC-I bioscaffolds. Finally, implantation of
OTC-I_NC and OTC-I_GNP scaffolds with non-cultured skin cells demonstrated enhanced healing with superior skin maturity and microstructure
features, resembling native skin than other treatment groups. Thus, aforementioned findings suggested that both OTC-I scaffolds could be a
potential candidate for the rapid treatment of full-thickness skin loss.
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Tough Tissue-adhesive Hydrogel with Enhanced Tissue Integration and In-situ Forming Capability for
Osteochondral Defect Repair

Yi Hong
school of basic medical science, Zhejiang University, China

Articular cartilage repair still remains a major challenge in today’s clinical practice due to its poor self-healing capacity. Therefore, it is essential
to develop a promising strategy to achieve a one-step cartilage repair for patients suffering from joint diseases and traumas. Inspired by the
complex composition and microscopic architecture of native articular cartilage, an injectable hydrogel with tough mechanical property and
strong tissue adhesiveness is developed. All hydrogel material compositions are natural polymers or their derivatives resemble the normal
cartilage extracellular matrix (ECM). This hydrogel showed superior tunable mechanical properties (mechanical strength ≈ 270 kPa,
compressibility ≈ 70%) and rapid recovery ability. More remarkably, it exhibited strong adhesiveness and enhanced integration with tissues.
Further studies demonstrated that the hydrogel had good biocompatibility and superior performance in cartilage defect regeneration. Thus, the
presented hydrogel is a promising biomaterial for clinical cartilage regeneration and other biomedical applications.
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New designed scaffold based on human umbilical cord extracellular matrix and hyaluronic acid for applications in
tissue engineering and regenerative medicine
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Worldwide, a large number of surgical procedures to replace or repair tissues damaged by disease or trauma are performed every day. The
emerging field of tissue engineering aims to develop new possibilities for regeneration of such tissues. This strategy often combines use of cells
and suitable biomaterials that serve as matrix for their cultivation.
For this purpose, extracellular matrix (ECM) derived from native human tissues has been recently considered for clinical use and been
extensively studied. The advantages of ECM include their full biocompatibility and biodegradability. importantly, this material contains
endogenous bioactive molecules that support cell adhesion, growth and proper function leading to production and growth of the new tissue.
ECM scaffolds can be derived from a variety of tissues (e.g. skin, bones, articular cartilages, skeletal muscles, blood vessels, heart valves, neural
tissue, urinal bladder, placenta, umbilical cord etc.) and prepared in different forms including meshes, hydrogels, sheets or powders.
In this study, we focused on development and characterization of newly designed hydrogel scaffold based on human umbilical cord ECM
(UBC-ECM) combined for enhancement of hydrogel mechanical properties with hyaluronic acid - specifically tyramine derivative of hyaluronic
acid (TYR-HA). TYR-HA can undergo noncytotoxic crosslinking reaction initiated by H2O2 and mediated by horseradish peroxidase. Importantly,
this combination allows the formation of a hydrogel under physiological conditions in the presence of cells without reducing their viability.
Moreover, this polymerization strategy enables injection applications and hydrogel formation directly in the targeted site.
Our results suggest that the novel UBC-ECM / TYR-HA hydrogels provide suitable environment for various type of human mesenchymal stem
cells cultivation and proliferation as well as stem cell phenotype and differentiation ability maintenance. Moreover, presence of the covalently
crosslinked interpenetrating hyaluronic acid network significantly enhanced rheological and mechanical properties of the material which can be
further optimized and tuned up by concentration of crosslinking agents and modification of crosslinking reaction conditions.
Altogether, our results indicate that UBC-ECM / TYR-HA hydrogels represent promising material for applications in various fields of tissue
engineering and regeneration medicine.
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Double layered hydrogels with 3D textile scaffold for cartilage repair

Jung Soo Kim，Jung Eun Kim，Hyun Ji Lee，Jaeho Choi，Chang Seok Ki，Ki Hoon Lee
Department of Biosystems & Biomaterials Science and Engineering, Seoul National University, Seoul, Korea

Articular cartilage has a complex depth-dependent microstructural organization, mechanical properties, and biochemical composition.
Damaged cartilage cannot be repaired by itself due to the lack of blood vessels and cells1. Hydrogels have been considered as a suitable
material for cartilage repairs since they have many advantages over other materials2. However, the low compression strength limited its use for
cartilage replacement. In this study, double layered hydrogels with 3D textile scaffold have been fabricated to improve the mechanical strength
of hydrogel. The top layer of hydrogel has a compressive modulus of 500kPa. The compressive modulus of the bottom layer of hydrogel has
been reinforced with the 3D textile scaffold to have a similar level of the compressive modulus of the top layer. In the bottom layer of hydrogel,
the differentiation of mesenchymal stem cells into chondrocyte was observed.
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Thiol-ene alginate as a versatile bioink for bioprinting of cell laden constructs

Matthew B. Baker，Huey Wen Ooi，Carlos Mota，Andrea Calore，Lorenzo Moroni
Department of Complex Tissue Regeneration, MERLN Institute, Maastricht University, Maastricht, the Netherlands

Cell-laden bioprinting remains one of the most promising techniques to allow fast, reproducible, and accurate creation of 3D organ or tissue
like constructs. However, the limited availability, tailorability, reproducibility, and performance of cell-compatible and printable hydrogels, often
termed “bioinks,” has significantly hindered progress in this field. Printing of cells encapsulated in synthetically modifiable hydrogels, or hydrogel
precursors, provides a realizable printable platform allowing for tunable materials properties, tunable bioactivity, and active or passive
degradation. Towards these goals, we have developed a modified alginate, which is amenable to thiol-ene functionalization and crosslinking via
exposure to low amounts of UV light. These new alginate formulations are printable at much lower concentrations (<2%), show tunable
mechanical properties (from <500 Pa to >5000 Pa), and enhanced cell viability as compared to traditional alginate printing. Furthermore, these
gels can be straightforwardly functionalized with thiol containing biomolecules (e.g. peptide mimics, growth factors, MMP cleavage sites),
allowing for extensive customization of the chemical and mechanical properties of a printed scaffold. Showing the utility of this material, cellladen constructs of up to 25 layers can be printed with good cell viability, and inroads to the creation of interpenetrating and gradient
(chemical and mechanical) scaffold geometries have shown promising initial results. With simple, straightforward, and reliable chemical
functionalization, a modular hydrogel system has been developed with a wide range of potential applications, lowering the barrier to
innovation in the 3D printing of soft tissue constructs.
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Free-directional printing of novel nanocomposite into self-healing support hydrogel for skeletal biofabrication
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Manufacturing technologies for tissue engineering are rapidly evolving. However, cell printing remains limited in the size and functionality of
tissue replacements that can be generated due to (i) resolution, (ii) bioinks elevated polymer content and (iii) limited vertical stacking of
printed layers. In the current study, we set out to develop and characterise a novel nanocomposite bioink printing within a fluid-gel support
bath for skeletal biofabrication, with the aim to establish enhanced print resolution with greater vertical stacking.
A novel nanocoposite hydrogel was synthesized by blending Laponite (LAP) nanosilicate and low acyl gellan (GG) at 60 °C. Agarose fluid-gel
was used as a support during printing and washed off immediately after deposition and crosslinking. Shape fidelity of GG-LAP printing in air and
in supportive fluid-gel bath was carried out following printing 200 mm3 tubes at 10 mm s-1. GG-LAP hydrogel printed in agarose was able to
replicate CAD geometry at 4.16 ± 0.26 mm in height resulting in a significant difference (p < 0.0001) with in-air printing with only a 1.12 ±
0.41 mm tall tube. At set shear stress LAP addition demonstrated a significant enhanced effect on viscosity with a 200-fold increase in
magnitude (p < 0.0001) confirming improved mechanical stability at higher shear. Swelling studies were carried out by printing 50 mm strands
in air and in 3 mm thick agarose fluid-gel bath. A 2-fold increase in resolution was experienced when GG-LAP was printed in agarose compared
to GG alone (p < 0.0001) confirming that LAP addition critically improved printing resolution in fluid-gel bath. Human osteosarcoma cells were
encapsulated at 5 × 106 cell ml-1 and printed in agarose. Cells were homogenously dispersed in GG-LAP hydrogel compared to aggregated
clusters in GG. Release studies, using the model protein lysozyme, confirmed the retention capacity of nanosilicate modified GG showing a
sustained release over 21 days compared to LAP free GG hydrogel.
In conclusion, LAP addition to GG bioink combined with fluid-gel support resulted in elevated resolution even at low polymeric concentration
enhancing cell distribution and drug delivery, ultimately proving superior to current approaches and demonstrating the potential of a
suspended manufacturing platform with therapeutic implications for hard and soft tissue engineering.
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3D Printing of Silk-Based Bioink for Fabrication of Patient-Specific Intervertebral Disc Implants
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Lower Back Pain associated to intervertebral disc (IVD) degeneration is one of the most frequently reported age- and work-related disorder in
actual society, leading to a huge socio-economic impact in industrialized countries [1]. Currently, there is a rising interest in the development of
patient-specific tissue engineering strategies aimed to regenerate the injured IVD and recover its functionality. Following a reverse engineering
approach, our strategy relies on the combination of imaging techniques (e.g. MRI) and 3D printing technology to address IVD regeneration. In
this work, a recently developed fast-setting bioink based on enzymatically crosslinked silk fibroin (SF) hydrogel [2] was combined with elastin
to bioprint patient-specific memory-shape implants mimicking the ultrastructure of the outer region of the IVD (i.e. annulus fibrosus, AF). A 3D
model of human AF was previously obtained by semi-automatic morphological segmentation from MRI dataset of human L1-L2 IVD [3]. SF/
elastin bioprinted scaffolds in β-sheet conformation were obtained after freeze-drying, showing microporosity (induced by freeze-drying) and
macroporosity (tuned by 3D printing). A low degradation and high swelling rates were observed in enzymatic solution and PBS, respectively.
The mechanical and viscoelastic measurements revealed that the scaffolds possess mechanical features that resemble human AF and
fibrocartilage. Human adipose-derived stem cells cultured onto the 3D scaffolds were shown to adhere, proliferate and maintain metabolic
activity and viability up to 21 days of culturing. Additionally, in ovo assays have suggested the angiogenic role of the SF/elastin scaffolds,
supported by the observation of chick endothelial cells infiltration and tissue ingrowth. The proposed bioink and reverse engineering approach
may potentially open new horizons to the development of personalized treatments for tackling IVD disorders, as it demonstrated the possibility
to produce custom-made constructs, emulating patient’s AF anatomy and properties.
References:
1. Silva-Correia J et al. Biotechnology Advances 31, 1514, 2013.
2. Costa JB et al. Advanced Healthcare Materials 6,doi:10.1002/adhm.201770111, 2017.
3. Öner T et al. Journal of 3D Printing in Medicine 1, 91, 2017.
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Engineering nanotopographically-defined eggshell membrane platforms for biomedical applications
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Eggshell membrane (ESM), one of the agricultural bioresources, is being recognized as emerging engineering platforms in various fields
including agriculture and biological engineering. Eggshell membrane is the protein-rich membrane between the eggshell and egg white, having
interesting characteristics such as structural, chemical, and physical properties. However, the raw ESM has many limitations, which raised some
problems for its wide use as commercial engineering platforms. Here, we present new ESM-based engineering platforms based on
nanotechnology. To develop the electrically and nanotopographically-enhanced ESM platforms, we used graphene, one of the carbon-based
nanomaterials, that provides unique electrically and nanotopographically-defined cues to the raw ESM. The graphene-ESM hybrid platforms
showed hierarchically micro- and nanoscale structures (i.g., microfibers from ESM and nanosheets from graphene). It is also found that the
graphene-ESM hybrid platforms could enhance the electrical and mechanical property compared to the raw ESM. Our approach can enable the
design and manipulation of ESM-based functional engineering platforms for biomedical applications.
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Photo-click Thiol-ene Gelatin Based Hydrogels as Bioinks for Bioprinting  

Khoon S Lim1，Gabriella CJ Brown1，Bram G Soliman1，Gary J Hooper1，Jürgen Groll2，Tim BF Woodfield1
Christchurch Regenerative Medicine and Tissue Engineering Group, Department of Orthopaedics Surgery and Musculoskeletal Medicine, University of Otago Christchurch, New Zealand，
Department for Functional Materials in Medicine and Dentistry, University of Würzburg, Germany

1
2

Radical chain-growth polymerization, such as methacryloyl chemistry has been widely employed in 3D bioplotting of cell-laden hydrogel
constructs1. However, this chemistry is known to be susceptible to oxygen inhibition, where oxygen in a normoxic environment is able to
scavenge propagating radicals, resulting in incomplete crosslinking which negatively influences construct shape fidelity. Furthermore, a
heterogeneous network is often formed due to the lack of control over the chain propagation process. Therefore, the aim of this study was to
develop novel gelatin based bioinks based on step-growth thiol-ene chemistry, which offers more spatial control over the hydrogel network
formation, and is potentially more suitable for 3D bioplotting.
Gelatin was conjugated with two types of functional alkene groups: allyl (GelAGE) or norbornene (GelNOR). 10wt% GelAGE and GelNOR
hydrogels were photo-polymerised using dithiothreitol (DTT) as the thiolated crosslinker (1/10 mM/mM Ru/SPS, 1:1-1:6 AGE:SH or NOR:SH).
Photo-irradiation conditions were kept at 3 minutes of visible light (30 mW/cm2, 400-450nm)2. Sol fraction and compressive modulus of the
fabricated hydrogels were evaluated. Human articular chondrocytes (HAC) were incorporated into the bioink and bioplotted at a density of
10x106 cells/ml using a BioScaffolder (SysEng, Germany).
Both AGE and NOR functional groups were successfully conjugated onto gelatin. However, the AGE conjugation protocol was more
controllable, where GelAGE macromers ranging from 24-92% degree of modification and 8-100kDa molecular weight were successfully
synthesised. GelAGE hydrogels also exhibited tailorable physico-chemical properties, where increasing AGE:SH ratios also resulted in increased
sol fraction and compressive modulus. However, this effect was not observed in GelNOR. 3D bioplotted GelAGE constructs that maintained
high print- and shape-fidelity were fabricated, where complex porous scaffold architectures were successfully plotted. The GelAGE bio-ink was
also cytocompatible as shown by high cell viability after the 3D bioplotting process.
We demonstrated a new versatile photo-clickable thiol-ene gelatin based bio-ink that is promising for 3D bioplotting of cell-laden constructs
with high shape fidelity and viability.
1) Klotz BJ et al. Trends Biotechnol. 2016, 34 (5). 2) Lim KS et al. ACS Biomater. Sci. Eng., 2016, 2 (10)
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Three-dimensional (3D) bioprinting advances the development of regenerative medicine in particular to bony tissue repair. Our previous work
demonstrated that appropriate amount of magnesium ions (Mg2+) release in local tissue microenvironment could significantly up-regulate the
osteogenic genes of mesenchymal stem cells in vitro. Hence, this study aims to adopt this concept in bone defect management with the use of
3D bioprinting technique. We reported that the “bio-inks” containing various proportions of nano-MgO and biodegradable PCL material were
prepared via solution blending method and then a series of bio-scaffolds were printed by using 3D bioprinter. Four different amounts of nanoMgO (0.1g, 0.2g, 0.4g and 0.6g) were incorporated into 1g PCL (namely T1, T2, T4 and T6 samples), respectively. The magnesium ions release
rate, in vitro osteogenic capability, mineralization ability and in vivo performance of the scaffolds were investigated. It was observed that the
scaffold with a small ratio of nano-MgO (T2) exhibited beneficial effects on osteogenic differentiation and cell mineralization properties in vitro.
The osteogenic gene expressions on T2 were found significantly higher as compared with the PCL control through the whole period. For the
ARS staining result, the number of calcium nodules observed on T2 was 7.5-fold, 2-fold, 1.5-fold and 3-fold higher than that of PCL, T1, T4 and
T6 sample after 14 days, respectively. The in vivo study also revealed that the scaffold with optimal proportion of nano-MgO (T2) exhibited
remarkably increased bone volume and sophisticated porous structure by 3 folds, whereas the scaffolds without nano-MgO incorporated (pure
PCL) or nano-MgO in excess (T6) discouraged bone formation. It’s believed that high amount of Mg2+ release can irritate the cellular
metabolism and therefore jeopardize the osteogenic functions of mesenchymal stem cells. In conclusion, the nano-MgO contained 3D bioscaffolds are economical and easily fabricated by using 3D printing technique. With the controlled release of Mg2+, these custom made 3D
scaffolds can effectively stimulate bone healing without the aid of implanted cells, genetic material or growth factors. Hence, due to the
stringent regulatory issue, the adoption of these cell-free scaffolds is relatively easier in future clinical practice.
Acknowledgments: This study was supported by the HKU Seeding Fund(201511160001) and the National Natural Science Foundation of
China(No. 81572113)
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In vitro and in vivo Assessment Of Strontium-substituted Bioactive Glass And Polycaprolactone Composite
Scaffolds Produced Via Melt-electrospinning Writing
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Introduction: Polycaprolactone (PCL) is a biocompatible polymer in the tissuing engineering field, it is easy to shape and mechanically suitable
for bone defects [1]. Strontium-substituted bioactive glass (SrBG) is a bioactive ceramic material that stimulates osteogenic differentiation [2].
Both biomaterials already have some FDA/CE approval for clinical use. By incorporating SrBG particles into PCL bulk material, we have
produced PCL/SrBG composites which were fabricated into ordered scaffolds using the versatile technique of melt-electrospinning writing
(MEW). These PCL/SrBG composite scaffolds are expected to regenerate bone with the same efficacy as autografts and serve as promising
cost-effective bone substitutes for clinical treatment of bone defects.
Method: Both PCL and PCL/SrBG (50 wt% of SrBG, particle size<6 µm) scaffolds were fabricated via MEW. The scaffolds were characterized
using SEM and micro-CT. In vitro assessments of these scaffolds were carried out with MC3T3 cells in growth and osteogenic media for 28
days. Corresponding assays were used to assess cell attachment, proliferation and differentiation at predetermined time points. A rat cranial
defect model was used to assess the in vivo osteogenic capacity via scaffolds implantation. Micro-CT and histology were used to examine the
bone regeneration of the defects after 4 weeks and 12 weeks.
Results: Based on the in vitro test results, the PCL/SrBG (50 wt%) scaffolds showed minimum cytotoxicity and significantly higher capacity to
stimulate osteoblast differentiation compared to PCL only scaffolds. According to micro-CT and histology results, the PCL/SrBG scaffolds
showed an enhanced capacity to stimulate bone defect healing in vivo.
Conclusion: We are the first to produce the composite PCL/SrBG (50 wt%) scaffolds via MEW. PCL/SrBG composite scaffolds are non-cytotoxic
and have shown an osteogenic capacity.
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3D Inkjet Printing of Ionically Cross-linked Star Block Copolymer Hydrogels

Taichi Ito1,2，Yoshiyuki Nakagawa2，Seiichi Ohta1，Makoto Nakamura3
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Center for Disease Biology and Integrative Medicine, The University of Tokyo, Tokyo, Japan，2Department of Chemical System Engineering, The University of Tokyo, Tokyo, Japan，3Graduate
School of Science and Engineering, University of Toyama, Toyama, Japan

Three-dimensional (3D) inkjet printing of hydrogels has significant potential for various biomedical applications including biofabrication,
considering its high printing resolution compared to robotic dispensing. However, the range of hydrogels applicable to 3D inkjet printing is
limited to those composed of materials such as alginate and fibrin. We have, for the first time, investigated 3D inkjet printing of ionically crosslinked star block copolymer hydrogels, for which the precursor polymer has a dendritic polyester (DPE) core, a poly(oligo(ethylene glycol)
methyl ether acrylate) (polyOEGA) inner layer, and a poly(acrylic acid) (PAA) outer layer. The star block copolymer solution (8.0 wt%) showed
a viscosity of 7–8 mPa s, which is suitable for ejection from inkjet nozzles. This solution formed a homogeneous hydrogel upon addition of free
metallic ions, such as the zinc, copper(II), aluminum, and ferric ion, because of the strategic molecular design of the precursor star block
copolymer. The dynamic viscoelasticity of the resulting hydrogels was dependent on the ion species used as cross-linkers. The rapid gelation
induced by the free metallic ions enabled 3D inkjet printing of the star block copolymer hydrogels, through ejection of the star block
copolymer solution and subsequent ionic cross-linking to achieve layer-by-layer deposition of the gelled droplets. Considering that this material
potentially allows facile molecular design of the precursor polymer, as well as large-scale synthesis in an affordable manner, it represents a
useful platform technology to expand the design flexibility of 3D-inkjet-printable hydrogels.
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Physical properties of bioprinted hydrogel structures based on decellularized porcine lungs for 3D cell culture

Jorge Otero1,4，Bryan Falcones1,4，Robert A Pouliot5，Juan J Uriarte5，Daniel J Weiss5，Daniel Navajas1,2,4，Ramon Farre1,3,4
1
Unit of Biophysics and Bioengineering, Universitat de Barcelona, Barcelona, Spain，2Institut de Bioenginyeria de Catalunya, Barcelona, Spain.，3Insitut d’investigacions Biomèdiques Agustí Pi i
Sunyer, Barcelona, Spain.，4CIBER de Enfermedades Respiratorias, Madrid, Spain.，5University of Vermont, Vermont, USA.

INTRODUCTION: Advancing in lung bioengineering requires a better knowledge of cell-matrix crosstalk. Understanding how stem cells fate is
modulated by their 3D physical microenvironment is particularly important. Hydrogels based on Lung Extracellular Matrix (L-ECM) are promising
scaffolds not only by providing physiological molecular cues to cells, but can be bioprinted in 3D structures and their physical properties can be
tuned. However, physical characteristics of L-ECM hydrogels are still poorly characterized.
AIM: To study how mechanical properties and oxygen diffusion of bioprinted L-ECM hydrogels can be tuned for 3D Lung Mesenchymal Stem
Cells (L-MSCs) culture.
METHODS: Porcine lungs were decellularized by a detergent-based procedure [1]. The resulting L-ECM was freeze-dried, cryomilled, and the
resulting powder was enzymatically digested by pepsin at different concentrations from 5 to 20mg/mL. For cell-laden structures, pre-gels were
mixed with L-MSCs and 3D bioprinted (RegenHu, 3DDiscovery) by using F-127 as structural and sacrificial hydrogel. Resulting structures were
physically crosslinked by adjusting the pH to 7.4, incubating at 37ºC and chemically crosslinked by using 1mM concentration of genipin. Cells
were harvested from the hydrogel 3D cultures by digesting the structures with collagenase. Mechanical properties of the resulting structures
were measured by applying tensile deformations (Aurora Scientific, 300C-LR) to acellular hydrogel slices. Oxygen diffusion in acellular structures
was measured by using a fiber optic sensor (Pyroscience, OXR50).
RESULTS: Hydrogel Young’s modulus increased with the lung matrix concentration and chemical crosslinking (in a tunable range of 0.1-10kPa).
Oxygen diffusion did the opposite, being more than two-fold lower in the stiffer hydrogels. Recovered L-MSCs, from the bioprinted structures
after 3 days of 3D culture, were able to spread and proliferate when reseeded in standard plastic 2D culture plates.
CONCLUSIONS: Cell-laden hydrogels based on L-ECM exhibit tunable physical properties and thus they can be used as bioink to build
potentially useful 3D scaffolds for lung tissue engineering.
ACKNOWLEDGEMENTS: Supported in part by the Spanish Ministry of Economy and Competitiveness (Instituto de Salud Carlos III; PI14/00004
and PI14/00280).
1. Pouliot R et al. Development and characterization of a naturally derived lung extracellular matrix hydrogel. J. Biomed Mater Res A 104,
1922, 2016.
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Cell Surface Engineering for Controlling Multicellular Aggregate Formation

Yusuke Arima，Kosuke Shibanuma，Yusuke Hirai
Institute for Frontier Life and Medical Sciences, Kyoto University, Kyoto, Japan

Multicellular aggregates consisting of different cell types has attracted attention in cell-based therapy and drug screening. However, it is difficult
to form multicellular aggregates from cells expressing different types of cell adhesion molecules. We have used poly(ethylene glycol)
conjugated to both stranded DNA (ssDNA) and phospholipid (ssDNA-PEG-lipid) for inducing cell attachment. Modification with ssDNA-PEGlipid results in the display of ssDNA on the cell surface. Hybridization with complementary ssDNA’ allows for attachment of cells to substrates
or different cells. Design of DNA sequences also enables us to induce cell attachment to substrate in a spatially controlled manner [1] and
programmed cellular assembly and disassembly [2].
In this study, we designed PEG-lipid derivatives to induce natively occurring cell-cell interaction by modification of cell surface with
recombinant proteins. We synthesized PEG-lipids carrying metal-chelated nitrilotriacetic acid and benzylguanine, specific ligands for His-tag and
SNAP-tag incorporated in recombinant proteins. Both PEG-lipids allowed for modification of tagged enhanced green fluorescent protein (EGFP)
on cell surface through specific tag-ligand binding. We next tested cell-cell adhesion induced by cell surface modification with E-cadherin, a
membrane protein mediating cell-cell adhesion, in order to control structure of multicellular aggregate. Multicellular aggregates of native two
epithelial cell lines (HeLa and MCF-7) exhibited core-shell like structure due to lack of E-cadherin expression on HeLa cells. The modification of
HeLa with E-cadherin altered the multicellular aggregates from core-shell to intermixed structure. This result suggests that the structure of
multicellular aggregates is modulated by E-cadherin modification. The combination of recombinant proteins and ligand-carrying PEG-lipids
provides the potential methodology to control cell-cell interactions.
This work was partly supported by a Grant-in-Aid for Scientific Research on Innovative Areas “Nanomedicine Molecular Science” (No. 2306)
and for Scientific Research (17H01579) from the Ministry of Education, Culture, Sports, Science, and Technology (MEXT) and by the Center of
Innovation Program from MEXT and Japan Science and Technology Agency.
1. T. Matsui, Y. Arima, N. Takemoto, and H. Iwata, Acta Biomater. 13, 32, 2015.
2. I. T. Hoffecker, N. Takemoto, Y. Arima, and H. Iwata, Biomaterials 53, 318, 2015.
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Osteoinduction and Mechanical Properties of 3D Printed Calcium Phosphate Scaffolds associated with Human
Bone Marrow Mesenchymal Stem Cells
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Bone is the most transplanted tissue in humans with about 1 million procedures annually in Europe. Autologous bone graft is the gold standard
in bone regeneration but requires a second surgery, is limited in quantity, and often associated with complications. Bone tissue engineering
using calcium phosphate scaffolds and human bone marrow mesenchymal stem cells (hBMSC) is an alternative to autologous bone grafting.
This study aims to regenerate bone tissue by using 3D scaffolds loaded with hBMSC, and to measure the mechanical strength of constructs
after implantation in ectopic sites of nude mice.
Calcium phosphate scaffolds were made by mixing alphaTCP powder with pluronic and 3D printing different shapes, porosities and
compositions. Cylinders of 6 x 6 mm, having rectangular or honey comb porosity patterns were printed and steam sterilized at 121°C. hBMSC
from different donors were expanded in aMEM and 5% platelet lysate. 4 x 106 hBMSC were seeded on each scaffold and implanted for 8
weeks in subcutis of nude mice (n=12/group). Ectopic bone formation was characterized by using microcomputed tomography (Skyscan 1076)
and decalcified histology by Masson Trichrome staining. Compressive strengths of the 3D printed scaffolds implanted in nude mice were
measured and compared to those of femoral bone. 3D printing permitted the fabrication of calcium phosphate scaffolds with different pore
structures and sizes. hBMSC attached, proliferated and differentiated into osteoblasts on the 3D printed calcium phosphate scaffolds in vitro. In
vivo, abundant bone formation was only observed inside the 3D scaffolds having pores of 250 um, while little bone was found in scaffolds with
pores of 650 um. When h BMSC were combines with scaffolds, bone volume (BV/TV) was significantly higher in 3D scaffolds with smaller pore
sizes than with large pore sizes. The formation of bone tissue significantly increased the compressive strength of the 3D printed scaffolds that
was almost comparable to mechanical resistance of femoral bone.
This innovative 3D printing technology allows the fabrication of personalized 3D scaffolds fitting the skeleton anatomy for regenerative
medicine. This study showed for the first time that there is an optimal porosity for osteoinduction and that the mechanical strength of the 3D
constructs is comparable to that of native bone.
Acknowledgments
This study was financially supported by the European Commission H2020 Program through MAXIBONE(Grant n°779322).
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Magnetically responsive gelatin methacrylate bioink

David Eglin1，Riccardo Tognato1，Gabriele Giancane2，Mauro Alini1，Tiziano Serra1
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Magnetically responsive cells loaded hydrogels are promising matrices for production of constructs with remote controllability and quickresponse via low magnetic field in tissue engineering approaches1,2. In this work, we report a simple gelatin based magnetic responsive bioink
that can be printed into 3D responsive complex shapes, obtained by adding PEG-caped Iron Oxide nanoparticles (IOPs). The ink is
characterized via optical, transmission and scanning electron microscopy, FTIR, rotational and oscillatory rheology. The kinetic of the 3D IOPs
self-assembly patterning method via a cheap magnetic device is analyzed. Scanning electron microscopy evidences an anisotropic organization
of the IOPs in the GelMA when magnetically assembled, while FTIR shows preservation of the GelMA matrix. Rheological characterization
indicates a shear thinning behavior of the ink with and without IOPs', and no modification of the UV triggered gelation time. Metabolic activity
of hMSCs at the surfaces is not affected by the substrates, indicating a good ink cytocompatibility. When C2C12 cells are embedded in GelMA/
IOPs, the IOPs improve viability (UV-protective effect). This magnetically responsive ink is used for printing 3D bio-inspired complex shapes,
useful for soft-robotics and cells mechano-stimulation for the maturation of TE constructs.
1. Li Y, et al. Magnetic hydrogels and their potential biomedical applications. Advanced Functional Materials 23 (6), 660-672, 2013. 196,
2013.
2. Yue K, et al. Synthesis, properties, and biomedical applications of gelatin methacryloyl (GelMA) hydrogels. Biomaterials. 2015 Dec;73:25471.

84

a92388

01-P172

Osteochondral defect regeneration with a bi-lineage conductive silicone-tricalcium phosphate scaffold

Varitsara Bunpetch1,2,3，Xiaoan Zhang1,2,3，Feifei Zhou1,2,3，Dandan Cai1,2,3，Shufang Zhang1,2,3，Hongwei Ouyang1,2,3,4,5
1
Dr.Li Dak Sum & Yip Yio Chin Center for Stem Cell and Regenerative Medicine,Department of Basic Medicine, Zhejiang University, Hangzhou,China，2Key Laboratory of Tissue Engineering and
Regenerative Medicine of Zhejiang Province, School of Medicine, Zhejiang University，3Center for Stem Cell and Tissue Engineering, School of Medicine, Zhejiang University, Hangzhou, China，
4
State Key Laboratory for Diagnosis and Treatment of Infectious Diseases, Collaborative Innovation Center for Diagnosis and Treatment of Infectious Diseases，The First Affiliated Hospital,
College of Medicine, Zhejiang University, Hangzhou, China，5Department of Sports Medicine, School of Medicine, Zhejiang university

Because cartilage and bone tissues have distinct lineage-specific biological and mechanical properties, it is difficult to develop a single type of
scaffold that can regenerate these two lineages simultaneously for osteochondral defect repair. To overcome this challenge, a siliconecontaining tricalcium phosphate (Si-TCP) scaffold is fabricated. The ability and mechanism of Si-TCP for osteochondral defect regeneration were
evaluated in vitro and in vivo. In the rabbit osteochondral defect models, histological and micro-CT images illustrated that Si-TCP scaffolds
significantly promoted the regeneration of subchondral bone and hyaline cartilage tissue when compared to the control TCP scaffolds at 8 and
16 weeks. Further investigation demonstrated that the release Si+ ions from the Si-TCP scaffolds were able to promote osteogenic
differentiation of bone mesenchymal stem cells (BMSCs) and maintenance of mouse chondrocytes. Maintenance of chondrogenic marker
expressions was confirmed using RNA-sequencing; thus, these findings suggest that the incorporation of Si+ ions into bioactive TCP scaffolds is
a possible strategy for developing bi-lineage scaffolds that improve osteochondral defect repair.
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Agarose-collagen hydrogel blends enable 3D bioprinting of vascularized tracheobronchial models
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Biofabrication techniques can be used to build-up cell-containing hydrogels in a spatial tissue-imitating 3D arrangement. However, the
development of suitable hydrogel carrier fluids for the biofabrication process still remains a challenge due to the contradicting requirements
three-dimensional printability and optimal cytocompatibility. Blending of hydrogels has been reported as a strategy to provide tailored
materials which aim to address both requirements. We hypothesized that hydrogel blends of agarose and type I collagen are suitable materials
for the manufacture of vascularized tracheobronchial models enabling 3D printing and simultaneously supporting the formation of a capillarylike network within the gel.
Agarose-collagen blends were characterized mechanically, rheologically, and cell biologically. The stiffness and relaxation of the hydrogels
were measured in compression and tensile tests. The gelling temperature and time, the viscosity of the precursor solutions, and the shear
moduli of the resulting gels were quantified using a rotational rheometer. The 3D printability of the hydrogel blends was evaluated using a
custom-made drop-on-demand printing system. The viability and morphology of human mesenchymal stem cells (hMSC) and human umbilical
vein endothelial cells (HUVEC) were assessed in different combinations of agarose and collagen. Additionally, the cell viability and proliferation
as well as the angiogenic potential of HUVEC which were exposed to shear stress during printing were investigated. Further, the construction
of a bioreactor enabled the dynamic culture of cell-laden hydrogel samples.
The addition of collagen to agarose significantly improved the mechanical as well as the rheological properties compared to agarose or
collagen only. A more pronounced relaxation was observed in agarose-collagen compared to pure agarose. In 3D cell culture experiments high
cell viability and proliferation rates were observed. Furthermore, it was shown that the blended hydrogels promoted the formation of tubular,
3D branched capillary-like networks. After 3D printing and long-term cultivation the hydrogel constructs showed tissue maturation and
improved mechanical strength and stability of shape, which are decisive preconditions for the manufacture of tracheal constructs.
In conclusion, a promising novel 3D printable hydrogel blend was identified, which has potential for the biofabrication of vascularized
tracheobronchial tissue substitutes.

85

a90615

01-P174

Microfluidic bioprinting of cell-laden microfibres

Minghao Nie，Shoji Takeuchi
University of Tokyo

Introduction: A bioprinter, which is capable of depositing cell fibers in a layer-by-layer fashion, is conceived and constructed. Cell fiber is a thin
(approximately 100 μm), long (greater than a meter) and finely handleable cellular construct in which the intrinsic cellular morphologies and
functions are reconstituted. This work takes advantage of the cell fiber technology, by printing cell fibers, rapid fabrication of macroscopic,
dense and porous tissue constructs could be achieved.
Methods: To construct the bioprinter, several components of it was originally designed, including the microfluidic printhead for the generation
of core/shell hydrogel microfibers on-a-fly, and the syringe-vacuum substrate for the smooth and feasible deposition of the microfibers. Based
on the microfluidic printhead and the syringe-vacuum substrate, commercially available motor stage and syringe pump will be adopted and
installed. With all its components ready, the bioprinter for cell fiber printing will be finally assembled and tested. Using the bioprinter,
optimized set of parameters for stable printing of core/shell hydrogel microfibers will be established. Then, we will demonstrate the printing of
cell fibers using HepG2 cells, and investigate the printed constructs in details, regarding its dimensional parameters and the ability to form cell
fibers upon culture.
Results: The bioprinter is able to print cell fibers with printing speed > 15 mm/s, shell diameter ~300 μm, core diameter ~ 100 μm.
The cell fiber printer is able to print macroscopic (thickness >1.5 mm) sized, dense and porous tissue constructs. The constructs are able to be
maturated after printing using rotary culture method within 4-5 days. After maturation of the cell fibers, alginate shell can be subsequently
removed. H&E staining results reveal that the cell fiber inside the printed construct has high density and high viability, showing tissue-like
morphology. In addition, the albumin secretion function is also validated using ELISA test, showing enhanced albumin productivity compared to
2D cultured cells.
Conclusions: the technique for printing cell fibers is proposed and established. Comparing to the existing tissue printing techniques, the cell
fiber printing technique developed here is capable of printing densely cellularized tissue constructs with less time and costs. As a
demonstration, we printed HepG2 cell fiber based tissue construct with in-vivo tissue-like morphologies and functions.
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Enhancing Bone Repair by Incorporation of Innovative Nanoparticles Containing Osteogenic Factors in Gelatin
Methacryloyl Hydrogel Scaffolds
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Development of simple strategies to bone repair for an increasing aging population remains a significant clinical goal. Biofabrication and tissue
engineering offer efficacious and cost-effective approaches to stimulate tissue repair with application of hydrogels that support differentiation of
human stem cells through the delivery of specific osteogenic factors. However, to date, many factors are often delivered exogenously, with
limited spatio-temporal control resulting in overstimulation of surrounding tissue and significant treatment costs.The objectives of this study
were to develop a strategy to deliver osteogenic factors, including ascorbic acid-2-phosphate (Vitamin C) and 1,25-OH 2-Vitamin D3,
encapsulated in poly-lactic-co-glycolic (PLGA) nanoparticles (NPs) that would efficiently release the factors and stimulate human bone marrow
stem cells (HBMSCs) differentiation into osteoblasts in vitro. In addition, this work set out to optimise the support for cells and NPs through the
use of gelatin methacryloyl (GelMA) hydrogel based bioink polymerised using visible light at wavelength of 450 nm, to generate a highly
compatible bioink for cell printing.Results from rheological studies of the 10% (w/v) GelMA bioink demonstrated the shear-thinning properties
of the hydrogel, which on crosslinking using visible light produced rapid gelation and a bioink ideal for extrusion 3D printing. Amplitude sweep
test of the GelMA hydrogel showed a stable hydrogel with a storage modulus of 1000 Pa. The hydrogel porosity, determined by SEM,
indicated an average mesh size of 210 +/- 90 µm, allowing cell attachment, penetration and proliferation within the GelMA structure. At a
seeding density of 1x105 HBMSCs per 10x10x5 mm scaffold, extensive cell proliferation (21-fold increase (p<0.05)) was observed after 28
days. High-performance liquid chromatography demonstrated rapid release of the osteogenic factors from NPs, with 40 µg of Vitamin C per mg
of NPs (40% of total release) observed within 24 hours followed by a steady release up to 48% of total amount after 12 days. The current work
is centred on the efficacy of dual release of Vitamin C and Vitamin D3 on HBMSCs.In conclusion, this innovative GelMA and PLGA NPs system
provides a new efficacious material platform to address bone formation strategies for a number of orthopaedic challenges, for an ageing
population, with the potential to reduce costs therein as well as time to reparation and recovery.
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Microfluidics-assisted fabrication of microtissues with tunable physical properties for in vitro tissue model
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Microfluidic flow-focusing devices (FFD) are widely used to develop micron-scale emulsion particles ('droplets') with variable size and shape for
biomedical applications. Specifically, droplets consisting of gel-forming polymers can be crosslinked to form microgels for tissue engineering
and drug delivery. In this study, cell-encapsulated microgels fabricated by photocrosslinking droplets containing methacrylic gelatin (MGel). The
mechanical properties of the microgels could be controlled by the MGel concentrations, while their size could be controlled by varying the flow
rates during droplet generation. The viability of macrophages encapsulated in the microgels was well maintained regardless of the physical
properties, while their proliferation was dependent on the mechanical properties. More significantly, lipopolysaccharide (LPS) induced M1/M2
differentiation of macrophages was also heavily influenced by the mechanical properties of the microgels. Eventually, these macrophage
microtissues were embedded in a hepatocarcinoma tissue constructs as an in vitro tumor model to study the effects of macrophage in different
stages of differentiation and mechanical environment on the surrounding cancer cells.
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Thiol-ene click conjugation of VEGF peptide to electrospun scaffolds for vascularized bone regeneration
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Vascular endothelial growth factor (VEGF) can promote endothelial cell survival, proliferation and differentiation, finally inducing angiogenesis
and promoting bone formation in healing bone tissues1. There are many ways to immobilize VEGF on surfaces and scaffolds, such as covalent
conjugation, or the use of a crosslinker 2. However, most chemical reactions are nonspecific and require organic solvents which can
compromise VEGF activity or the properties of the scaffolds. Recent advances in the fabrication of functionalizable ‘clickable’ electrospun fibers
are reported, which showed potential possibility to solve these problems. Here, we used thiol-ene click chemistry for the conjugation of a
VEGF mimetic peptide to the surface of PCL fibrous scaffolds. In this study, VEGF peptides were designed with a thiol group by coupling with
cysteine. We mixed PCL (Mn=80K) with another PCL with lower molecular weight (Mn=2K), which contained acrylates in the end of the
polymer chains, to do electospinning. Then, we used thiol-ene reaction to immobilize the VEGF peptide on the fibrous scaffolds. The PCL
fibrous scaffold was successfully fabricated by adjusting the parameter of electrospinning. The average diameter of PCL fibers was 1.09 ± 0.21
μm. 7-Mercapto-4-methylcoumarin was used to validate thiol-ene click reaction with fibrous scaffolds as example. The strong blue
fluorescence presented on the microfibers after the click reaction indicated the success of the surface coupling. In order to get partial
patterned structures, a photomask was used for patterning the fibrous film. Successful patterned structures were clearly observed by
fluorescent microscopy. Moreover, the presence of thiol-ene reaction did not significantly modify the size and morphology of the fibers.
In conclusion, we reported a new approach for the fabriction of VEGF-peptide functionalized electrospun scaffolds by using UV-initiated thiolene click. It also demonstrated that spatial control of the microfiber functionalization, an exclusive advantage of using the photochemically
promoted thiol-ene based conjugation strategy. These advantages of such peptide-fuctionalized fibrous scaffolds make them attractive for
vascularized bone regeneration.
Referrence:
1. Leach JK, Kaigler D, Wang Z, et al. Biomaterials, 2006, 27(17): 3249-3255.
2. Chan T R, Stahl P J, Yu S M. Advanced functional materials, 2011, 21(22): 4252-4262.
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Shape memory external wall device to prevent vascular stenosis
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External mesh supports applied to vein grafts have demonstrated promise to inhibit intimal hyperplasia (IH) by rescuing the hypoxia status
through promoting adventitial microvessel growth (i.e. neo-vasa vasorum formation). The materials used to date, however, are highly rigid and
inflexible, in contrast to the compliant nature of the artery. This increases restenotic risks and precludes application to curvaceous arterial
regions, including the anastamoses most responsible for vein graft failure. To address this issue, a mechanically-compliant, porous shape
memory wall device (SMWD) capable of wrapping around the anastamoses was fabricated. When human saphenous vein (HSVs) were
wrapped with the SMWD, a reduction in intimal thickening was observed, with an increase in neo-vasa vasorum growth. This demonstrates a
promising effect of this support to reduce IH and improve vein graft patency in vascular bypass grafting procedures by positive remodeling. This
result was supported by histological, protein, and chemokine analysis of HSVs on each day to characterize the SMC phenotypic regulatory and
signaling mechanisms behind IH reduction. HSV morphometric and phenotypic changes were evaluated in an ex vivo anastamoses model to
determine support effects in this IH-prone region. An in vivo rabbit model of vein to carotid interposition grafting is being applied to validate
these findings.
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Building a Low-Cost Desktop Bioprinter
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3D Bioprinting applies layer-by-layer based 3D printing technologies to develop precisely designed scaffolds for tissue repair and organ
replacement [1]. Extrusion based approach is the most common method implemented by majority of commercial 3D bioprinters mainly due to
greater deposition, printing speed, cheaper assembly and operational costs [2]. The technique facilitates extrusion of cylindrical filaments of
bioink, employing either a pneumatic, mechanical or solenoid control. The cheapest extrusion bioprinter in the market still costs ~ US $15K.
The high cost of bioprinters may restrict many research groups/young invetigators from entering bioprinting. A cheaper and more customisable
alternative would certainly help faster development of new bioinks and deposition strategies. We have adapted a low-cost (<US$1K)
commercial fused deposition modelling (FDM) printer, Ormerod 2 (from RepRapPro) for bioprinting. The Ormerod 2 was modified into a
bioprinter by adapting the RichRap design to the Ormerod’s X carriage to print Gelatin methacryloyl (GelMA) hydrogels. The RichRap syringe
extruder was chosen as it maximized the torque from the extruder motor by using reduction gears. The main aim was to control the XYZ
movements and a syringe extruder that translates a motor’s rotation into linear pressure on a syringe. The functional validity of the assembled
printer was assessed with the print fidelity and cell viability. The line width experiment demonstrated that while it is possible to increase the
printing speed, the optimized setting of 5mm/sec should be used to avoid the larger variance. The printer was calibrated to print a cylinder of
5mm height and 8mm diameter in each well of a 24 well plate. GelMA (5%) was used as ink base due to its biocompatibility and tuneable
mechanical properties whereas Lithium phenyl(2,4,6-trimethylbenzoyl) phosphinate) [(LAP) 0.3%] was added as photo-initiator for post curing
under a UV(365nm) light source to increase printed gel stability. The Live/Dead assay showed live WS-1 fibroblast cells in the printed scaffold
at least 4 days after printing. The cell proliferation assay using Presto Blue indicated cell growth till a week after printing. These optimization
studies lay groundwork for higher-resolution, large scale and faster printing of tissues using our bioprinter.
References:
1. Murphy SV, Atala A. Nature Biotechnology. 32, 773, 2014.
2. Ozbolat IT, Hospodiuk M. Biomaterials, 76, 321, 2016.
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model-based approach
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Design strategies inspired by hard biological materials such as nacre, bone and teeth have opened up new avenues in materials science.
Thereby, innovative materials outperforming their conventionally engineered counterparts have been developed. However, although there is an
increasing need for advanced soft materials to be used in emerging fields such as soft bodied robotics, stretchable electronics and devices, and
tissue engineering, only a limited number of studies following the blueprints of nature’s soft materials have been reported.
This research demonstrates a strategy for translating nature’s fibre-reinforcement approach to soft biomaterials. Herein, biodegradable fibrous
constructs following the distinct motifs of the reinforcing collagens of soft tissue matrices were 3D printed using melt electrospinning writing
technology. The printed networks were then combined with soft hydrogels mimicking the water-saturated proteoglycan matrix of soft tissues.1,2
Resulting soft network composites (SNCs) were shown to be flexible yet robust, and exhibit various complex biomechanical behaviours
including viscoelasticity, J-shaped non-linearity and anisotropy – hypothetically mimicking biological soft materials. Moreover, our in vitro
studies demonstrated that these SNCs can support the viability of mesenchymal stem cells and chondrocytes. Finally, to address the lack of
design approaches to tailor and optimize their properties in a non-empirical way, we developed a numerical model-based approach3 for the
rational design of patient-specific SNCs. The approach is based on an in silico design library that allows for the selection of appropriate
biomaterial and architecture combinations for the target application, resulting in reduced time and cost.
Together, our data suggests that bioinspired SNCs used in this study in combination with computational models could be employed for the
deterministic design of biomaterials to engineer a wide range of soft tissues.
1. Bas O, et al. An Integrated Design, Material, and Fabrication Platform for Engineering Biomechanically and Biologically Functional Soft
Tissues. ACS Appl Mater Interfaces, 9, 2017
2. Bas O, et al. Biofabricated soft network composites for cartilage tissue engineering. Biofabrication, 9, 2017
3. Bas O, et al. Rational design and fabrication of multiphasic soft network composites for tissue engineering articular cartilage: a numerical
model-based approach. Chem Eng J. 2018 (in press)
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Introduction: Cell printing is highly attractive for their biomedical applications, because of its high precision in cellularized scaffold preparation.
Most of the biodegradable hydrogels used in bioprinting are brittle and unstretchable due to lack of flexibility and elasticity,1-2 which limits the
applications of those cell printed hydrogels. Hence, we designed a biodegradable, highly elastic hydrogel with single-network, which uses
visible-light for gelation and greatly simplify the bioprinting process compared to those double or more networks hydrogels. Specifically, a
series of biodegradable triblock copolymers of polycaprolactone-poly(ethylene glycol)-polycaprolactone (PCL-PEG-PCL) were synthesized,
followed by acrylation. The resultant acrylated triblock copolymers (PEG-PCL-DA) based hydrogels were characterized in mechanical behaviors,
cytocompatibility and their feasibility of bioprinting.
Methods and Results: The synthesized PEG-PCL-DA hydrogel can be stretched, compressed, and twisted, and then recovered. Their
mechanical properties can be tuned to mechanically match various native soft tissues by altering triblock lengths of the hydrogels and polymer
concentrations. The PEG-PCL(24K)-DA-40% hydrogel exhibited good elasticity with small irreversible deformations (~20%) at a maximum strain
of 100%. The PEG-PCL-DA hydrogel can support the encapsulated 3T3 fibroblasts growth in vitro. Cell viability of over 83% were observed
across three different human cell types in 3D bioprinted PEG-PCL(24K)-DA-10% hydrogel. The hydrogel can be easily printed into complex
patterns.
Conclusions: A single-network, biodegradable hydrogel with high elasticity and flexibility for bioprinting was designed. Their mechanical
properties is tunable to match with mechanics of various native soft tissues. It also can support high cell survival during bioprinting with
complex patterns. These attactive results imply this elastic and bioprintable hydrogel has potential for soft tissue engieneering and other
biomedical applications.
Acknowledgement: AHA BGIA (14BGIA20510066), NSF CAREER (1554835) and NIH (R21HD090680).
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Alginate-Ceramic Particles based Hybrid Gel as Biomaterial for Bone Tissue Engineering and 3D-Bioprinting
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A hybrid biomaterial has been developed with a study of its mechanism using alginate as biopolymer and α-TCP as ceramics as a biomaterial
for the application in bone tissue engineering and 3D-bioprinting technology. While the film was targeted to be applied in tissue engineering,
the gel could be applied to both 3D bioprinting and injectable materials. The analyses showed that the strong mechanical strength and high
flexibility of the film were attributed to the ionic and H-bonding interactions between alginate with α-tricalcium phosphate particles and
calcium chloride, which is confirmed by various chemical analyses. The in vitro bone cell (MC3T3) culture and cytotoxicity tests by extracts of
the films showed excellent biocompatibility, while in vitro cell viability studies inside the hydrogel established its cell adhesive and noncytotoxic characteristics. The film and hydrogel release model drugs such as bovine serum albumin as a protein drug, tetracycline as an
antibiotic and dimethyloxalylglycine (DMOG) as an angiogenesis and osteogenesis in a controlled way at pH 7 and 7.4. A certain composition
of alginate and α-TCP showed printing ability by 3D-printer. Finally, experiment data showed that the developed biomaterial (Alg-α-TCP) could
show a possibility of its applications in bone tissue engineering and 3D-printing technology.
References:
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Development of artificial auricular prosthesis: 3D printed polyurethane scaffold

Ha Yeong Kim1,2，Soo Yeon Jung2，Sang Jin Lee3，Hyun Ju Oh2，Hyeon Jeong Lee4，Minh-Dung Truong5，Min Ji Lee1,2，Han Su Kim2
1
Department of Molecular Medicine, College of Medicine, Ewha Womans University, Seoul 07985, Korea，2Department of Otorhinolaryngology-Head and Neck Surgery, College of Medicine,
Ewha Womans University, Seoul 07985, Korea，3Wake Forest Institute for Regenerative Medicine, Wake Forest School of Medicine, Winston-Salem, NC 27157, USA，4Department of Chemistry
and Nano Science, Ewha Womans University, Seoul 03760, Korea，5Department of Molecular Science and Technology, Ajou University, Suwon 16499, Korea

Reconstruction of ear has aesthetic challenges due to complexities of its anatomical shape. Recently, artificial scaffolds such as MEDPOR® have
been widely used for ear reconstruction. However, MEDPOR® has poor mechanical properties such as elasticity. In addition, it is not customized
for individual patients. In this study, we investigate whether a 3D printed artificial polyurethane (PU) auricular scaffold is suitable for auricular
reconstruction. Structure of a 3D printed PU scaffold is designed using DICOM files of human auricle. Then ear prosthesis is printed with a 3D
printer. Structural characters reveal that a 3D printed porous PU scaffold (PPU scaffold) has more regular microstructure and a pore size than
MEDPOR®. In addition, PPU scaffold has a regular pore size of 200 µm with high level of porosity (56.46% ± 10.22%). Mechanical properties of
PPU scaffold are similar to human auricle cartilage. In in vitro results, cell proliferation of PPU scaffold is found to be greater than that in other
groups. In in vivo experiment, better fibrous tissue growth is observed for PPU scaffold than that for MEDPOR®. In addition, vessels are only
observed on PPU scaffold. These results indicate that PPU scaffold is feasible for effective ear reconstruction.
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Fabrication of hollow beads with precision pore structures for cell transplantation
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Scaffold materials find important applications in tissue engineering and cell transplantation. Although various techniques have been used to
create porous scaffolds for construction of cell-material combinatorial systems, precisional control over the internal nano-/micro-pores in
scaffolds are still hard to achieve. Here, an immersion-precipitation phase transformation (IPPT) process was established for fabricating the
hollow bead-based scaffolds using polyethersulfone (PES). Hollow beads with the outer diameter in 1.5-4 mm and the wall thickness in about
450 μm were obrained. In particular, the wall of these PES hollow beads contained parallel channels penetrating across whole membrane,
with the internal diameter starting from 50 μm near the bead core, gradually decreasing outwards to reach a dense PES skin layer on the bead
surface. By controlling the deskinning time in dimethylacetamide, two types of beads, with highly monodisperse pore sizes on the surfaces,
0.401±0.187μm (bead with nanopores on the surface, BNP) and 9.22 ± 3.83μm (Bead with micropores on the surface, BMP), were prepared.
When loaded with mesenchymal stem cells (MSCs) inside, the cells were found to distribute inside channels and form clusters. Moveover, the
MSCs cultured in the hollow bead scaffolds exhibited enhanced anti-inflammatory and pro-angiogenesis gene expression, compared to the
MSCs cultured on microplates. Through in vivo noninvasive imaging studies in the murine host, it was found that both BNP and BMP scaffolds
significantly extended the residence time of MSCs transplanted in the subcutaneous space in comparison with the directly injected MSCs.
Specially, the BNP scaffold supported a higher percentage of cell survival at all time points compared to BMP, and the cellular residence time
reached approximately two weeks. Our study shows the IPPT process can generate hollow spherical membranes with oriented channels with
precision pore sizes and structures. The hollow beads may be further investigated as cell scaffolding/delivery materials for cell-based therapy.
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Biophysical, biochemical and biological properties of pepsin soluble type II collagen from mammalian and marine
tissue sources for cartilage regeneration

Zhuning Wu1,2，Anne Maria Mullen3，Ioannis Skoufos4，Athina Tzora4，Dimitrios Zeugolis1,2
1
Regenerative, Modular & Developmental Engineering Laboratory (REMODEL), National University of Ireland Galway (NUI Galway), Galway, Ireland，2Science Foundation Ireland (SFI) Centre for
Research in Medical Devices (CÚRAM), National University of Ireland Galway (NUI Galway), Galway, Ireland，3Teagasc, Food Research Centre, Ashtown, Dublin, Ireland，4Technological
Education Institute (TEI) of Epirus, Arta, Greece

Introduction:
Investigating high value opportunities for meat co-products will contribute to the sustainability of the meat processing sector. Porcine and fish
co-products in particular are rich sources for collagen, which is the main component of the extracellular matrix (ECM) with 29 types identified
to date. Type II collagen has a supportive role in cartilaginous tissue and is the major component of articular cartilage in the knee joint.
Therefore, the potential of an implantable type II collagen sponge as a cell carrier for cartilage regeneration is being investigated. We propose
to isolate and characterise type II collagen from porcine cartilage and cartilaginous fish through pepsin digestion and test its applicability in
cartilage regeneration by comparing extracted collagen in terms of species, gender and cartilage type.
Methods:
Type II collagen was extracted from male and female porcine trachea, auricular, articular cartilage and cartilaginous fish through acid-pepsin
digestion at 4 °C. SDS-PAGE was conducted to confirm the number and size of collagen chains. Collagen sponges were created via freezedrying. Scaffold structure and pore size were evaluated by scanning electron microscopy (SEM). Thermal stability was assessed by differential
scanning calorimetry (DSC). Degradation rate was determined by collagenase treatment. Sponges were seeded with human adipose derived
stem cells . Immunocytochemistry and gene expression analysis were performed to investigate the chondrogenic differentiation of hADSCs after
7, 14 and 21 days.
Conclusions:
Porcine articular cartilage and fish cartilage yield high purity type II collagen. Type II collagen from all sources exhibited similar crosslinking
density and thermal stability. Crosslinked type II collagen sponges produced from meat co-products support chondrogenic differentiation of
human adipose derived stem cells. This research supports high value biomedical applications for the meat processing sector.
Acknowledgements:
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Sinterless 3d-printing Of Porous Bioceramics For Bone Tissue Engineering

Iman Roohani
University of New South Wales Sydney

Over the last three decades, additive manufacturing has made substantial progress towards fabrication of tissue engineered scaffolds to
replace conventional techniques that are incapable of precisely controlling pore size, interconnectivity and geometry of scaffolds. Calcium
phosphates are primary focus for synthetic bone graft substitutes because of their osteoconductivity and ability to bind to living bone. 3D
plotting, selective laser sintering and stereolithography have been the most frequent techniques to fabricate custom designed calcium
phosphate scaffolds. However, as a commonly used post-processing treatment, the printed scaffolds required to be sintered at high
temperatures. This hampers the ability of such techniques to incorporate drugs and growth factors within the ceramic scaffolds to promote
osteoinduction. Moreover, sintering may lead to local deformation of scaffolds or phase transformation and conversion of the scaffold material
into an undesired phase. In this study, we present a method in which enables to print calcium phosphate scaffolds in a one-step process at
room temperature.

a91849

01-P187

Development of novel light/ionic double-crosslinkable alginate-based bioink for 3D bioprinting
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3D bioprinting has been regarded as a powerful tool for mimicking natural structure, because it can fabricate demanded hierarchical artificial
tissues. Alginate, one of the most frequently used biomaterial for bioprinting, can be crosslinked with calcium ions. However, this ionically
crosslinked hydrogel is noticeably impoverished under a physiological, aqueous conditions due to easy loss of calcium ions. Barium or copper
ions can increase its stability, however, these also increase cytotoxic effects. In this work, we propose a new visible light activated crosslinkable
alginate-based bioink, showing fast and non-cytotoxic gelation. We will present the light/ionic double crosslinked alginate hydrogel with
increased mechanical properties and dimensional stability. Further, we printed this alginate-based bioink to cell-laden hydrogel with high
accuracy, and cell viability was examined. For the additional biofunctionality, bio-inspired proteins were incorporated. Further development of
this novel alginate-based bioink may facilitate not only production of transplantable human tissues but also many other applications, including
organic transistors and integrated circuit.
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Characterization of the function of hydroxyapatite in 3D-printed polycaprolactone/nano-hydroxyapatite (PCL/
nHA) composite scaffolds
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Recently, 3D printing has been widely used to fabricate tissue-engineered scaffolds with diverse shapes using various biocompatible materials.
Among the materials, nanohydroxyapatite (nHA) has been extensively used for bone regeneration due to its excellent biocompatibility and
intrinsic osteoconductive properties. Polycaprolactone (PCL) is widely applied as a 3D printing material due to its highly biocompatible and
cost-effective advantages. Hence, a number of studies explored 3D printing of PCL combined with nHA. Yet, a contribution of nHA in 3D-printed
composites to biocompatibility, mechanical properties, and osteoconductivity has not been assessed quantitatively. In this study, therefore, we
manufactured and quantitatively characterized the chemical, mechanical and biological properties of 3D-printed PCL/nHA composite scaffolds
at various nHA contents (0, 10, 20, and 30 wt %). As the concentration of nHA was increased, the PCL/nHA composite scaffolds improved the
mechanical properties. The assessment of cell-scaffold interaction also showed incremental mineralization and proliferation as the nHA content
in the PCL/nHA composite scaffolds increased. Therefore, using the 3D printing method, the physical, chemical and biological properties of the
PCL/nHA composite scaffolds were analyzed under the same conditions with strut diameter of 540 μm and pore size of 295 μm. As the nHA
concentration was increased, it was demonstrated that the mechanical strength and the cellular activity were increased.

a92569

01-P189

The Effect of a Novel Bioplotting Hydroxyapatite/Calcium Carbonate Biomaterial on Rat Bone Regeneration
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A novel method has been developed to fabricate hydroxyapatite/Calcium carbonate (CHACC) biomaterials by 3D printing technology. The
biomaterial was characterized using FTIR, SEM and compressive strength testing. The cytotoxicity, cell viability and osteogenic potential were
assessed in vitro using human mesenchymal stem cells (hMSCs) and bovine chondroprogenitors. Tissue reaction to CHACC after implanted
juxtaposing to tibia/tibialis, and the effect of CHACC on 3.5 mm diameter femoral intercondylar bone defect regeneration were assessed in vivo
in Wistar rat model. The FTIR spectrum showed the peaks at 1036 and 1095 cm-1, 568 and 600 cm-1, 875 and 712 cm −1, 1432 and 1756cm1
which proves the main components of CHACC are HA and CaCO3. Viable hMSCs cultured on scaffolds were observed to attach and grow on
the biomaterial by SEM. The cell viability was assessed using AlamarBlue assay which showed that the materials were not toxic to hMSCs and
bovine chondroprogenitor. No adverse effect was observed after CHACC was implanted between tibia and tibialis muscle where new blood
vessels, fibril tissue and bone-like tissue were formed in CHACC porous structure. New bone formation surrounding CHACC implants in femoral
bone defects was observed, which is superior to control gelatin sponge implant group where bone defects remained as voids with very limited
osteogenesis. In conclusion, CHACC is a novel bone graft substitute with great osteogenic potential for bone regeneration. Further research is
warranted before potential clinical application.

Key Words: 3D printing, hydroxyapatite/Calcium carbonate (CHACC), scaffolds, osteogenic
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Digital light processable polymers for complex tissue engineering
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Additive manufacturing (AM) is an emerging field with high potential in tissue engineering and regenerative medicine applications. Small and
complex structures like porous scaffolds or vascular vessels can be patient-customized and rapidly manufactured. However, the optical
resolution and build layer thickness of the instrument will determine the minimum pore size and fiber diameter achievable, which plays a
crucial role in order to mimic native tissue. Hereby, digital light processing (DLP) has emerged as an interesting technique which allows high
resolution with inexpensive equipment that can be implemented into clean room manufacturing environments. DLP is based on photopolymerisable resins that are crosslinked in-situ via UV light, allowing also for cell encapsulation. However, the portfolio of commercially
available bio-resins, in particular biodegradable resins is limited and has inhibited full exploitation of this versatile photofabrication technique.
Here, we present a biocompatible and biodegradable ink that is based on a polyester urethane acrylate (PEUAc) which can be manufactured
via DLP into 3D scaffolds. The PEUAc were synthesized via ring opening copolymerization of ε -caprolactone (CL) and D,L-lactide (LA) with
75:25 feed ratio at 140 °C in presence of catalytic amounts of stannous octanoate and in different molecular weights (2000, 5000, 8000,
12000, 20000 g/mol). The random copolymers were end-capped with hydroxyethyl acrylate substituted isocyanates which can be easily
polymerized during the DLP. These materials as photpolymerised coatings have been tested for cell viability. Live/dead assays and methylene
blue staining confirmed a high cell viability after 24h of culture which encourages the design of more complex 3D scaffolds.
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Structural and Mechanical Properties of Crosslinked and Sterilized Nanocellulose-based Hydrogels: An
“Unconventional” Scaffold for Cartilage Tissue Engineering

Irina Neves Simoes1，Ayesha Al-Sabah1，Stephanie Elizabeth Anne Burnell1，Zita Maria Jessop1,4，Nafiseh Badiei2，Emma Blain3，Iain Stuart Whitaker1,4
Reconstructive Surgery & Regenerative Medicine Group (ReconRegen), Institute of Life Sciences I, Swansea University Medical School, Swansea, UK，2NanoHealth Centre, Institute of Life
Sciences, Swansea University Medical School, Swansea, UK，3Cardiff School of Biosciences, Cardiff University, Cardiff, UK，4The Welsh Centre for Burns and Plastic Surgery, Morriston Hospital
Swansea, UK
1

Hydrogels have been widely used in tissue engineering as their elements and properties mimic the extracellular matrix (ECM) of natural tissues.
For cartilage tissue engineering, the “conventional” environment have been described as having pores of 75-400 µm and porosity of 75-97%.
Nanocellulose (NC) is a biocompatible, non-cytotoxic, abundant and sustainable biopolymer proved to be an excellent candidate for cartilage
reconstruction by 3D bioprinting, providing an appropriate mechanical and biological environment. Still, no study has provided insight on the
structural and mechanical characterization of such crosslinked and sterilized NC-based hydrogels.
Here, the structural and mechanical impact of different crosslinker concentrations (0.1M, 0.5M or 1.0M CaCl2) and sterilization methods (UV,
autoclave and ethanol) on NC-based hydrogels was studied. Pore size was determined using scanning electron microscopy (SEM) images.
Mechanical properties (i.e. Young’s modulus), swelling and porosity were measured. Bacterial persistence was determined based on optical
density and cell viability assessed via live/dead stain.
NC-based hydrogels crosslinked with higher CaCl2 concentration were stiffer and had a significant 10% decrease in porosity when compared
to lower concentrations (~46% for 0.1M). We confirmed the negative correlation between CaCl2 concentrations and pore size (0.23 µm vs 0.13
µm for 0.1M and 1.0M, respectively) and swelling (1500% vs 600% for 0.1M and 1.0M, respectively). All sterilization methods were effective on
decreasing bacterial content (p ≤ 0.01) showing no significant impact on porosity (~40-50%) and no differences in cell viability at day 7. UV
had a higher impact on swelling (~1000% increase after sterilization, p ≤ 0.0001) when compared to the other sterilization methods (yet all
methods led to higher swelling). Autoclave sterilization had the biggest impact on mechanical properties, leading to a decrease of ~30 kPa in
Young’s modulus. Both UV and ethanol sterilization led to stiffer NC-based hydrogels (~133 kPa and ~140 kPa, respectively for UV and ethanol
vs ~126 kPa for non-sterile). Importantly, the results pin point that the properties of NC-based hydrogels do not fall into the “conventional”
ideal chondrogenic environment described in the literature. These findings highlight the importance of fully characterizing biomaterials as the
definition of “best environment” for chondrogenesis might be broader than anticipated.

94

a91513

01-P192

A Novel Low-Temperature PCL-Based 3D Printing Resin for Craniofacial Repair

Max Jonah Lerman1,2,3，Anthony Kohler Chiu4，Jesse Kenneth Placone5,6，Anjana Jeyaram7，Madelyn Dana Golding7，Steven M. Jay7，Greg Gillen2，

John Patrick Fisher3,7

1
Department of Materials Science and Engineering, University of Maryland, College Park, MD, USA，2Surface and Trace Chemical Analysis Group, Materials Measurement Laboratory, National
Institute of Standards and Technology, Gaithersburg, MD, USA，3Center for Engineering Complex Tissues, University of Maryland, College Park, MD, USA，4Department of Chemical and
Biomolecular Engineering, University of MD, College Park, MD, USA，5Department of Bioengineering, University of California San Diego, La Jolla CA, USA，6Sanford Consortium for Regenerative
Medicine, La Jolla CA, USA，7Fischell Department of Bioengineering, University of Maryland, College Park, MD, USA

Craniofacial bone is a particularly difficult tissue to engineer due to the demanding geometric complexity, mechanical stiffness, and cellular
infiltration requirements for the biomaterial scaffold. The advent of 3D-printing and custom bioink formulation presents an appealing solution to
fabricate technically complex, bone tissue engineering (BTE) scaffolds. Identifying a suitable bioink fulfilling these wide requirements must first
be identified. Polycaprolactone (PCL) remains one of the most widely utilized 3D printing materials for BTE, driven by the relative ease of
fabrication, non-cytotoxic hydrolytic degradation mechanism, and low material cost. However, while structurally sound constructs can be
fabricated, unmodified PCL requires a high extrusion temperature (>70°C) and prevents significant cell infiltration with a uniform surface
topology. Therefore, in order to realize complex BTE scaffolds, we have developed a novel biocompatible, low temperature, PCL-based resin.
Results indicate PCL viscosity and printing temperature are effectively lowered by solubilizing PCL in dimethyl sulfoxide (DMSO). Under
identical tensile conditions, the novel printed and processed resin has a Young’s modulus of 170.4±11.5 MPa (n = 7) compared to unmodified
PCL at 263.1 ± 9.7 MPa (n = 10), likely due to increased fiber porosity, conducive for improved in vivo cell infiltration. XTT analysis of L929
fibroblast cells demonstrates, via a one-way ANOVA at the 95% confidence interval, a lack of statistical difference between metabolic activity
in the processed resin and a known non-cytotoxic control (high density polyethylene) after 24 hours. Printed objects are processed postprinting to remove the cytotoxic solvent under freeze-drying conditions, yielding a highly textured surface with pore diameters of ~ 10 µm,
similar to cortical bone. Compounding has been accomplished with hydroxyapatite and alginate microparticles containing vascular endothelial
growth factor, creating a dispersed suspension prior to extrusion. Compounding the resin with encapsulated growth factors creates a sustained
elution source of ~ 260 pg/ml/day over 4 weeks within physiologically observed concentrations (~ 150 – 1200 pg/ml blood concentration). By
encouraging vascular development, cell infiltration, and remodeling, the degrading bioink should improve implant viability and natural
regeneration while maintaining the custom 3D shape and stability.
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Introduction
The challenge of tissue engineering is to mimic target tissue structural, mechanical and biochemical aspects. Due to variations in the
architecture of natural bones and bone defects, additive manufacturing (AM) an attractive route for on custom bone applications by having
high controllability on both the inner/outer shape of the scaffolds. Although AM enables to manufacture macroporous scaffolds, current
techniques limit the microporosity (MiP). Alternatively, the MiP of materials can be controlled via using emulsion templating by producing
polymerized high internal phase emulsion (polyHIPE) which have an interconnected porosity very similar to trabecular bone. On the other side,
the biochemical environment of the natural bone is dominated by mineralized ECM containing various biological factors.
Our study aims to combine advantages of AM and emulsion templating to create multiscale porous scaffolds. Additionally, to benefit from
complex organization of natural ECM, fast-growing murine MLO-A5 cells were cultured on 3D printed polyHIPE scaffolds (PPHSs) so as to
decellularization (dcell). This developed hybrid scaffolds made of pre-generated ECM and polymer were presented for usage of on custom
bone grafts.
Experimental
Following synthesis and methacrylation of PCL, scaffolds were created via AM of PCL polyHIPE. MLO-A5s were cultured on sterilized PPHS for 4
weeks. In this period, cellular activity, mineral and collagen deposition assays were implemented. Cell penetration depth was assessed from
histology images. Microarchitecture of PPHSs and cell attachment were observed under SEM. After dcell, to confirm the efficiency of the
process, DNA content was measured. hES-MPs were seeded on both plain and hybrid scaffolds cultured in osteogenic media on the evaluation
of metabolic activity, newly formed mineral and collagen deposition. Finally, the ex vivo chick femur defect model was used to explore the
potential of the scaffolds on the bone healing process.
Conclusion
Both in vitro cell culture and ex vivo chick femur defect model confirmed that due to its interconnected multiscale porous structure, PPHS
successfully supports cell adhesion, proliferation and migration and it is a promising candidate to fulfil the requirements of defect-matching
bone grafts. Additionally, our in vitro generated ECM decorated polymer system proposed an applicable approach to improving bioactivity of
polymers scaffolds to encourage precursors to differentiate mature bone.
95

a92364

01-P194

Microstructural, Mechanical and Biological Characterisation of a Novel Fibrin Scaffold for Skin Tissue Engineering
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1
Department of Life, Health and Chemical Sciences, The Open University, Milton Keynes, United Kingdom，2Cells for Cells and Consorcio Regenero, the Chilean consortium for regenerative
medicine, Santiago, Chile，3Department of Engineering Science, University of Oxford, Oxford, United Kingdom，4Laboratory of Nano-Regenerative Medicine, Faculty of Medicine, Universidad de
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Cell therapies are typically limited by the rapid dispersal of cells on delivery. Scaffolds offer an approach of enhancing therapeutic efficiency and
efficacy. This project aimed to combine the bio-intelligent properties of fibrin-based scaffolds with the potential of MSC for activating healing in
chronic wounds.
A porous fibrin biomaterial scaffold has been developed using a novel manufacturing process (confidential). This creates a regular, highly
porous structure with close pore packing and good interconnectivity. The primary structure is stabilised by glutaraldeyde cross-linking. The
resulting scaffold is suited to cell ingress and supporting angiogenesis, and allows fluid exchange between the scaffold and the wound
environment.
Scaffold microstructure was visualised using SEM. Analysis of these images gave data on pore size (50-150µm), pore size distribution, scaffold
density and dispersion of material during the initial manufacturing stage. Iterative protocol design and development allowed tailoring of these
microstructural parameters. Coagulometry (Stago STart Max) was used to optimise formulation.
Despite the open basket-weave structure, scaffolds are readily handlable in both lyophilised and rehydrated forms. Tensile strength, in the
range 1-2 MPa, was evaluated using Instron and used as a tool for protocol optimisation.
As the scaffold is designed for in vivo implantation, its biological behaviour is an important consideration. Cytotoxicity (CCK8) was performed
to assess the risk of eliciting an adverse response in vivo. This was a useful measure in confirming efficacy of the consumption and removal of
excess reagents.
Enzymatic degradation was assessed to optimise material persistence in vivo, allowing for creation of a scaffold suitably robust for
implantation that would biodegrade within an appropriate time-frame for wound healing in a chronic wound environment.
The ability to create protein polymeric materials with even, hierarchical nano and micro-structured structure is of significance in development
of tissue engineering scaffold materials. This work describes a novel biocompatible fibrin scaffold with optimised microstructure for cell ingress
and angiogenesis, excellent handling capabilities in both freeze-dried and rehydrated forms, and biocompatibility as demonstrated by in vitro
assays.
Funding was provided by Consorcio Regenero and The Open University. The project is supported and hosted by CRMI and IBME at Oxford
University.
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CaP Coated Biodegradable Mg Drug Loaded Bone Tissue Engineering Scaffold
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In order to get a completely degradable, controllable and polymer free drug delivery system on degradable metal substrates, the surface
composition and morphology of metals were studied recently. The coating technology on the surface of degradable magnesium alloys is
relatively mature by various methods. It is usually applied to metal implants to improve biocompatibility, bioactivity and bone conduction
properties. In this study, a calcium phosphate (CaP) coating containing clindamycin was formed on the magnesium alloy substrate by
biomimetic mineralization, and the release of clindamycin was regulated by the degradation of CaP coating and magnesium alloy substrate.
Here we describe the CaP coating on the nanostructure formed on the base of the magnesium alloy. The drug loading and drug release
mechanism in the bionic process obtained the pharmacokinetics evaluation and compared with the conventional drug release system. The
biodegradable magnesium alloy substrate is immersed in the bionic solution containing clindamycin, and clindamycin is involved in the
crystallization process, and is fixed in the newly formed CaP layer. The morphology, composition and formation process of clindamycin
containing coating were obtained by scanning electron microscope, energy dispersive spectrometer, X ray diffraction and X ray photoelectron
spectroscopy. The rate of clindamycin load and the rate of drug test within different times were measured by HPLC. The results show that the
homogeneous CaP is formed on the degradable alloy, and clindamycin can be observed on the surface and the cross section. The
characteristics of sustained drug release were studied, and the release of clindamycin inhibited the growth of Staphylococcus aureus. Structural
analysis shows that various calcium phosphate phases exist, including three anorthite, slender and orthogonal particles, octacalcium phosphate
and hydroxyapatite. The drug release system continues to release drugs within 49 days. The test of antibiotic loading calcium phosphate
powder for bacterial growth inhibition in broth and agar showed satisfactory antibacterial properties.
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Biphasic Biodegradeble Osteochondral Scaffold

Xinluan Wang1,3，Xiangbo Meng1，Long Li1，Yuxiao Lai1，Sibylle Grad2，Mauro Alini2，Ling Qin1,3
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Research Institute Davos, Clavadelerstrasse 8, 7270 Davos Platz, Switzerland，3Musculoskeletal Research Laboratory, Department of Orthopaedics & Traumatology, The Chinese University of
Hong Kong, Hong Kong SAR, China

Three dimensional (3D) scaffolds have many advantageous properties for osteochondral repair, due to its controllable properties such as pore
size, porosity and morphology. In this study, biphasic bioactive biodegradable scaffolds have been developed by low temperature 3D printing
technology, the upper layer of which is composed of poly lactic-co-glycolic acid (PLGA) for cartilage repair, and the lower one is the composite
of poly lactic-co-glycolic acid and tricalcium phosphate (P-T) for subchondral bone repair. The morphologies and porosity of the biphasic
scaffolds were observed by scanning electron microscopy (SEM) and micro-CT, respectively. The mechanical properties were tested on an
electronic universal mechanical tester. Micro CT data showed that the porosities of PLGA and PT layer were 43% and 48%, respectively. The
pore sizes of the macro-pores in PLGA and PT layer were 420-480 µm and 450-550 µm, respectively. SEM images demonstrated the micropores were about 5-50 µm, as well as the clear boundary between two layers. Mechanical test results showed that the compressive modulus
and compressive strength of the PLGA layer were 13.35 MPa and 704.1KPa, and that of the PT layer were 23.71 MPa and 1.173MPa,
respectively. Our results demonstrated a bi-layer scaffold was well fabricated with proper porosity and pore size for osteochondral
regeneration. The degradation properties are on going and we also try to use it as a delivery system carrying bioactive factors to promote bone
and cartilage regeneration.
Acknowledgements: This work was supported by Sino-Swiss collaborative project from Ministry of Science and Technology (2015DFG32200)
and the Swiss National Science Foundation under the SSSTC program (156362).
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Improved 3D printing fidelity of alginate-based hydrogels with carrageenan
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Recently, 3D bioprinting has been widely used in tissue engineering applications to fabricate scaffolds in various shapes with biocompatible
materials. Among numerous bioprinting materials, alginate-based hydrogel is one of the most useful materials because its mechanical
properties can be controlled with cross-linking agents such as calcium chloride or calcium sulfate. However, in spite of the mechanical
enhancement using diverse cross-linkers, shear modulus of the alginate-based hydrogel is low to form 3-dimensional structure with a high
printing resolution as well as a good shape. Also, poor mechanical properties of the materials limit the printability in 3D bioprinting, which
restricts its preclinical and clinical applications. Thus, alginate has been combined with other materials to overcome the limitations in 3D
bioprinting. Among various biomaterials, carrageenan extracted from red seaweed has been widely used as a gelling agent as well as
stabilizing and thickening agent. In addition, carrageenan has biological activities such as antiviral and antiinflammatory effects. Thus, in this
study, carrageenan was mixed with 2% alginate solution and its viscosity and mechanical properties were rheologically characterized with
multiple concentrations of carrageenan (0, 0.5, 1.0, 1.5%). The acquired rheological data was used to optimize bioprinting parameters such as
printing motion speed, pressure intensity, and nozzle size. In the deposition test, the shape fidelity of 3D-bioprinted alginate-based hydrogel
with and without carrageenan was compared each other. While the alginate-based hydrogel without carrageenan was collapsed over 10
layers, the alginate/carrageenan composite hydrogel was able to maintain good shape fidelity with the high printing resolution. The
experimental results indicate that carrageenan can be a useful biocompatible material to enhance alginate hydrogels, which can expand the
applications of alginate hydrogels in tissue engineering and regenerative medicine.
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Production of cell-laden microcapsule with liquid core in a coaxial electrospray system through enzymatic
crosslinking

Mehdi Khanmohammadi，Jafar Ai
Department of Tissue Engineering,Graduate of Advanced Technologies in Medicine, Tehran Medical University, Tehran, Iran

Cell-laden hydrogel microcapsules have been investigated for tissue engineering, cell therapy and biopharmaceutical applications1. The features
required to cell encapsulation technology are that the encapsulation process is mild for cells and the resultant hydrogel does not hinder the
living of the encapsulated cells1. Here, we propose a method for one-step cell-laden microcapsule by electrospray technique assisted with
coaxial device through enzyme-mediated hydrogelation reaction. The cell-laden microcapsule was produced by cross-linking phenolicsubstituted alginate (Alg-Ph) through horseradish peroxidase (HRP)-catalyzed reaction by using an electrostatic droplet generation system
designed in our lab. Gelatin solution 8% (w/v) containing fibroblast cells as modle at 3×106 cells/mL was made to flow from inner a 27-gauge
stainless-steel needle at 1.5 mL/h and an outer solution of alginate possessing phenolic moieties (Alg-Ph) 1.5 % (w/v) and horseradish
peroxidaseat 30 units/mL was made to flow through a 21- gauge needle at 3 mL/h.Under an open electric field from a voltage generator,
concentric drops of two coaxial fluids at the needle tip were broken up into microdrops and sprayed into the gelling bath of PBS buffer
containing hydrogen peroxide 1 mM. The cell-laden spherical Alg-Ph vehicles were made hydrogel by the reaction of HRP and hydrogen
peroxide as an electron donor.We successfully obtained alginate-based microcapsules with liquid core in the size of 260 µm and 50 µm of gel
layer thickness. The produced microcapsules preserved their structural integrity during incubation and the cell viabilities in produced
microcapsules were measured to be 87.5±3.3%. The fibroblast cells harvested from microcapsules adhered and proliferated on cell culture
dishes in the same way as conventional subculture. The encapsulated cells proliferated and grew in the hollow core and preserved their
viability by 90.3 ± 1.9% after 9 days of encapsulation. These results demonstrate the feasibility of cell-laden alginate-based microcapsule
production through HRP-mediated reaction in one step by electrospray system assisted with coaxial device. It is expected that this method
could provide an advantage in cell encapsulation and its biomedical applications.
Keywords: Alginate derivative, Microcapsule, Enzymatic reaction, Encapsulation
1. Hunt J A, Chen R, Veen T V, Bryan N, Hydrogels for tissue engineering and regenerative medicine, Journal of materials Chemistry 33, 2014.

a92258

01-P199

Development of a 3D Printable Composite for Maxillofacial Applications
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INTRODUCTION
Following major surgery for removal of a tumour in the head and neck region or trauma, the surgeon is limited with devices available for
reconstruction to restore both function and aesthetics. 3D printing offers huge promise in the biomedical field, but is limited by the types of
materials that can be 3D printed. In this study printability, biocompatibility, mechanical properties and the effect of addition of calcium
phosphate (CaP) fillers to a light curable polymer (polypropylene glycol dimethacrylate) were investigated.
EXPERIMENTAL METHODS
The experimental work initially involved optimisation of rheological behaviour of the polymer for 3D printing. The rate of monomer conversion
was determined by exposing 11 mm diameter monomer discs to UV light using Fourier transform infrared spectroscopy (FTIR). Biaxial flexural
strength and modulus of the tensile elasticity of the composite discs were tested using a biaxial flexural test. 1:1, 2:1 and 3:1 filler to monomer
ratio discs were fabricated and in vitro cell work using MG63 osteosarcoma cells was carried out.
RESULTS AND DISCUSSION
Various factors such as viscosity of the composite, printing speed and the tip size were optimised and 2:1 filler to monomer ratio was found to
be the optimum viscosity for 3D printing. Composites containing lower percentage of filler showed a higher monomer conversion rate. The
biaxial flexural modulus of the discs indicated a linear relationship with the filler content, where higher CaP ceramics improved the stiffness
values. Increasing the filler content also affected cell behaviour.
CONCLUSION
It can be concluded that addition of CaP fillers significantly improve the mechanical properties and biocompatibility of the composites whereas
printability and the rate of monomer conversion can be adversely affected. Future work will be focused on characterisation of the 3D printed
construct to determine its in vivo biocompatibility and bone integration.
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Carboxylated Agarose: A Versatile Material for 3D Bioprinting

Aurelien Forget1，Andreas Blaeser2，Tim R Dargaville1，Florian Miessmer4，Anton Blencowe3，Horst Fischer2，Prasad Shastri4
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Additive manufacturing techniques used for tissue engineering provide the possibility to realize 3D structures of complex living tissues. Using
this approach, microvalve-based 3D bioprinting allows for the rapid and precise dispensing of cell-loaded hydrogel droplets. This technique
usually requires individual formulations of hydrogel blends for each application to adapt the printing process and limit shear stresses that can
impact cell behavior and viability.
Herein, we demonstrate that the controlled carboxylation of agarose polysaccharide backbone allows obtaining printable and tailorable
hydrogel matrices for 3D bioprinting. Comprehensive rheological and mechanical studies revealed that these materials span a range of shear
and elastic modulus of natural tissues while exhibiting the same viscosity under printing conditions. As a result, we demonstrate versatile microvalve printing to manufacture 3D structures comprised of defined domains of stiff and soft hydrogels while showing limited death of human
mesenchymal stem cells under identical printing conditions.
Furthermore, we will present a new bioink formulation for the bioprinting of carboxylated agarose in fuse-deposition modeling systems. Using
a comprehensive analysis of the mechanical properties of these bioinks, a fluid dynamic model was developed, which has allowed us to
identify the optimal printing parameters for each formulation and manufacture complex hollow hydrogel objects.
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Collagen for Extrusion Bioprinting: a New Bioink for High Fidelity 3D Bioprinting

Egor O. Osidak1,6，Pavel A. Karalkin2，Maria S. Osidak1，Elena A. Bulanova2，Dmitriy S. Sivogrivov1，Elizaveta V. Koudan2，Sergey V. Krasheninnikov4，
Vladislav A. Parfenov2，Sergei I. Belousov4，Frederico DAS Pereira2，Timofei E. Grigoriev4，Yusef D. Khesuani2，Sergey N. Chvalun4，
Sergey P. Domogatsky1,3，Vladimir A. Mironov2,5
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Institution, Ministry of Health of the Russian Federation, Moscow, Russia，4National Research Center «Kurchatov Institute», Moscow, Russia，5Institute for Regenerative Medicine, I.M. Sechenov
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Introduction: Extrusion-based bioprinting can produce cell-laden hydrogels with controlled microscale spatial heterogeneity. Native collagen is
the best cell-friendly biomaterial that could be used as a bioink but usually collagen solution form gel slowly. Moreover, the gel has poor
mechanical strength that limits its use in biofabrication. In this research, a viscous solution of native collagen (Viscoll, Imtek Ltd., Russia) has
been used to print 3D cell-laden constructs with 0.3 mm resolution.
Methods: The multifunctional 3D bioprinter Fabion (3D Bioprinting Solutions, Russia) was used to print cell-laden collagen hydrogels onto the
table with temperature +37°
C. Neutralized collagen solution Viscoll kept at cold was mixed with precooled DMEM medium containing cultured
NIH3T3/GFP cells at 5x106 cells/ml in the syringe for 3D printing. High viscosity of the mixture (controlled by the oscillatory shear rheometry)
allowed precise printing.
Results: A cell-laden construction of 10 hydrogel layers printed with resolution up to 300 µm was mechanically strong and stable in culture
media at +37°
C indefinitely. The collagen hydrogel not only permitted cell survival during printing but also supported their viability and
proliferation during 14 days of observation.
Conclusion: The result demonstrates that high viscosity native collagen Viscoll is a promising bioink for fabrication of tissue constructs.
Adjustment of multiple facilities of 3D bioprinter Fabion shows how that potential could be converted into practical realization.
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Effect of after-treatment on the physical and chemical properties and production condtion of silk matrix

You-Young Jo，HaeYong Kweon
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Silk are good natural materials for many biomedical applications involving tissue engineering and implantable devices, because of their body
compatibility and wide range of physical structures. Silk matrices are made by forcibly thread off the silkworm onto a flat surface. in this work,
we invented the automatic Silk Matrix Making Machine(ASMMM) for silk matrix production. Also, we investigated that optimal condition of silk
matrix using silkworm and ASMMM. The weight and thickness of the produced silk matrix were foundto be optimal condition when 25℃ , 30
larvae and rough paper were used. Silk matrix is expected to be increased as a variety of medical materials Therefore, post-treatment methods
are considered to be necessary. In this study, distilled water, 100% ethanol, enzyme(pancreatin), 10% ammonia water, and soap water were
treated on the produced silk matrix. Scanning electron microscope showed that sericin was mostly present in the post-treatment silk matrix,
and tensile strength was high when treated with 100% ethanol and 10% ammonia water. In addition, FT-IR measurement showed no difference
in amide III band due to beta-structure at 1265 cm -1, and 1235 cm-1, but absorption band was changed only post-treatment with soap water.
The crystal structure is similar to that ot the control, and when the enzyme, 10% ammonia water and soap water are used, the crystalinity is
considered to be enhanced by increasing the peak. It is believe that more efforts should be made to the post-treatment methods of silk matrix.
These results are expected to provide basic data for the efficient production of the silk matrix, and it is suggested that the produced silk matrix
is useful as a medical material.
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Photocrosslinkable hyperbranched polyglycerol (HPG)-based bioink for 3D printing of soft tissue constructs

Jisu Hong，Chaenyung Cha
Department of Material Science and Engineering, Ulsan National Institute of Science and Technology, Ulsan, South Korea

Hyperbranched polyglycerol (HPG) is a branched polymer consisting of ethylene glycol backbone and hydroxyl terminal groups. It is
increasingly utilized in biomedical applications due to the facile synthesis, hydrophilicity, and biocompatibility. Herein, the terminal hydroxyl
groups are modified with acrylic functional groups to impart radical crosslinking. With the abundance of hydroxyl groups, the degree of
acrylate substitution (DS) per HPG molecule can be easily controlled. The resulting acrylic hyperbranched polyglycerol (AHPG) could be used as
a crosslinker to fabricate hydrogels with various gel-forming macromers via photoinitiated radical crosslinking reaction. The mechanical
properties of the hydrogels could be controlled in a wide range by tuning the DS of AHPG, without the need to change the concentration. The
in vitro cell culture studies have also demonstrated the biocompatibility of this AHPG-linked hydrogels. The suitability of this AHPG-linked
hydrogel system as a 3D printing bioink to develop scaffold materials for tissue engineering applications was demonstrated by utilizing a DLP
(digital light processing)-based 3D printer to generate cell-laden hydrogel constructs with varying size and shape with micron-scale resolution.
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3D-Printed Biodegradable Scaffolds with Micro-Macro-Porous Structure for Tissue Regeneration  

Tara Shabab，Phong Tran，Dietmar Hutmacher
Institute of Health and Biomedical Innovation, Queensland University of Technology, Brisbane, Australia

Three-dimensional scaffolds provide a suitable environment for tissue regeneration. Scaffolds can also be used for localized drug delivery to
deliver the drug to the site of the implants. The 3D printed macroporous microporous biodegradable Polycaprolactone scaffolds for scaffoldbased tissue engineering are manufactured by combining fused deposition modelling and salt leaching techniques. The scaffold
physicochemical properties are characterized and porosity and morphology of the scaffold is investigated. The microporous scaffolds have
higher surface area and show significantly different mechanical properties. Microporosity accelerates the degradation and the interconnectivity
of the pores helps for drug delivery and sustain release. Furthermore, porous scaffolds have different surface characterization which effects the
blood clotting, cell attachment and tissue regeneration.
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Mechanical property of bioinks for 3D bio-printer “Inkredible”
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Introduction
Three-dimensional (3D) bio-printers to make scaffolds in regenerative medicine have become popular. In orthopedic surgery, the regeneration
of soft tissue such as cartilage and meniscus requires resistance to mechanical loading. However, there is little reported about the mechanical
property of bioinks available with commercial 3D bio-printers.
The purpose of this study was to investigate the mechanical property of alginate based bio-inks for a 3D-bioprinter (Inkredible, Cellink)
Methods
Three bio-inks available were tested: Celink (Alginate with nano-cellulose) , Cellink A (Alginate), and Cellink RGD (Alginate with nano-cellulose
and RGD peptide). The Inkredible 3D bioprinter printer is an extrusion based bio-printer. A cylindrical construct (10mm diameter and 3mm
height) was bio-printed with each bio-ink and cross-linked with calcium chloride.
The elastic modulus of each printed construct was measured by a custom made micro indentation. Each printed construct was measured after
cross-linking and after 48 hours in DMEM culture.
Result
The elastic modulus of Cellink and Cellink RGD was 0.006 and 0.007 MPa, respectively. Cellink A could not be printed as a cylindrical
construct due to low viscosity. The elastic modulus of crosslinked droplet of Cellink A was 0.01 MPa. After 48 hours in culture, the elastic
modulus changed 0.005, 0.005, 0.009 MPa.
Discussion
The most interesting point was that Cellink A was the stiffest of the three printed constructs in spite of its very low viscosity. However, none of
the three bioinks were sufficiently strong. In general, for soft tissue orthopaedic regenerative medicine applications, a support material is
necessary while bio-printing. The development of additional materials might be important. Furthermore, scientists should be aware of
weakening of the printed constructs after culture.
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Physical Characterisation and Cell Culture Utilising a Set of Plant-Derived Bioprintable Hydrogels
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We are presently developing biocompatible, printable hydrogels from plant sources toward the development on sustainable alternatives to
animal-derived materials. Scaffold material sourced from plants is cheaper, renewable, biodegradable, less immunogenic, and appeals to those
patients who may have moral objections to using animal tissue for human therapeutic purposes.
In this paper, we describe the comparative swelling ratio, rheological study—in terms of shear thinning and thixotropy—as well as their
mechanical properties of a set of plant-derived hydrogels, including their efficacy as bioinks suitable for 3D biofabrication. We also provide data
on cell viability, adherence, proliferation, and spontaneous differentiation of human induced pluripotent stem cells (iPSCs) co-cultured with each
plant-based bioink.
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Hydrogel-based Electron Paramagnetic Resonance Probes for Long-term Monitoring of Tissue Oxygen Content

Jianjun Guan，Chao Li，Zheng Huang，Ning Gao，Hong Niu
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Ischemic diseases are characterized by low blood flow. Vascularization to restore blood flow represents primary therapeutic goal. Quick and
non-invasive measurement of tissue oxygen content is an attractive approach to monitor vascularization process. Among several oxygen
detection methods, electron paramagnetic resonance (EPR) stands out due to its non-invasiveness, accuracy, and repeatability.
Tetrathiatriarylmethyl (TAM) radical has been widely used as an EPR probe. The major advantage is that it has linear dependence of the peakto-peak linewidth to oxygen content. However, TAM radical has a short half-life time in vivo. Therefore, it is impossible to use it for long-term
oxygen monitoring. To overcome this limitation, a hydrogel-based EPR probe has been synthesized by conjugating TAM radicals to an
injectable and biodegradable hydrogel with fast gelation time (within seconds) at 37oC. The peak-to-peak linewidth of hydrogel-based EPR
probe was linearly increased with the oxygen content. It also had better stability to oxidoreductants than TAM radical. Moreover, this hydrogelbased EPR probe had a slow degradation rate, allowing the EPR signals to remain stable after 4 weeks of implantation. In summary, the newly
developed EPR probe can be used for long-term oxygen measurement in ischemic tissues.
Acknowledgement:
This work was supported by US National Institutes of Health (R01HL 138353, R01EB022018, R01AG056919 and R21EB021896) and National
Science Foundation (1708956).
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An Upconversion Nanoparticle-Based Fluorescent Probe for Labeling and Long-term Tracking of Mesenchymal
Stem Cells In Vitro

Yufei Ma，Yuan Ji，Minli You，Shurui Wang
School of Life Science and Technology, Xi'an Jiaotong University, Xi'an, China

Stem cell–based therapy has held a great promise in providing desirable solutions for various diseases. However, the main reason for its limited
application in clinical trials is the lack of effective long-term cell tracking approaches that are able to promote comprehensive understanding of
the fate of transplanted stem cells without impairing their intrinsic properties. Here, we successfully synthesized NaYF4:Yb3+,Er3+ upconversion
nanoparticle (UCNP)-based fluorescent probes and utilized them to label and track rabbit bone marrow mesenchymal stem cells (rBMSCs)
during the osteogenic differentiation in vitro. To improve their biocompatibility and cellular uptake, we modified the UCNPs with the negativelycharged and positively-charged polymers in turn. Cellular uptake and long-term effect of these surface modified UCNPs on stem cell behaviors
during the osteogenic differentiation process were systematically evaluated, and no significant difference in cell viability and differentiation
capacity in a certain range of nanoparticle concentrations (0~50 µg/mL). Moreover, the surface modified UCNPs at a concentration of 50 µg/
mL exhibited the highest biocompatibility and stability, which could well track rBMSCs during the osteogenesis process in vitro. Hence, this
study provided the necessary data for the application of these lanthanide-based UCNPs in stem cell labeling and tracking to better understand
the mechanism of stem cell fate in tissue engineering, stem cell therapy, etc.
Acknowledgement
This work was supported by the National Natural Science Foundation of China (51502238, 11532009) and China Postdoctoral Science
Foundation (2015M572569).
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Therapeutic effects of stem cells are generally accepted, but their contribution to tissue regeneration remains poorly understood. Current
evaluation methods for tissue regeneration require numerous samples and animals to adequately assess the outcomes, however this approach
often yields inaccurate results due to the single-time-point information. In this study, we hypothesized that stem cell-based bone regeneration
could be tracked and monitored noninvasively by multi-channel fluorescence imaging using highly functional near infrared (NIR) fluorophores.
We developed amine-functionalized PCL-ran-PLLA ran-PGA (PCLG) copolymers with three different degradation rates. The PCLG copolymers
were conjugated with ZW800-1 fluorescent dye, and placenta-derived mesenchymal stem cells (PDMSCs) were labelled with SCNF fluorescent
day. The in vitro data showed that the scaffold degradation and cellularity were quantified in real-time. After fabrication of bone constructs
composted of PCLG copolymer and PDMSCs using 3D bioprinting, the bone constructs were implanted in calvarial bone defect in rats. Using
NIR fluorescence imaging, the in vivo scaffold degradation was measured in real-time. We are continually tracking the transplanted cell
behaviors and scaffold degradation simultaneously by multi-channel fluorescence imaging with highly functional NIR fluorophores. It has been
investigated the applicability of noninvasive fluorescent imaging technology for the stem cell-based tissue engineering applications.
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Visualization of cell apoptosis by utilizing cationized gelatin nanospheres incorporating molecular beacon
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Cell transplantation is one of the promising therapies in regenerative medicine, and several therapeutic effects have been demonstrated for
animal models. For the development of cell transplantation, a non-invasive technology to visualize cell biological functions is highly needed.
Molecular beacon (MB) is a derivative of stem-loop structured nucleic acid. The quencher and fluorophore are conjugated at both the end
sides of MB. In the presence of target messenger RNA (mRNA), the structure of MB is changed to be fluorescent based on the hybridization of
target mRNA. Based on this change by the molecular interaction with intracellular mRNA, MB can visualize the cell biological function. To
realize this visualization of cell biological function, it is indispensable to create the carrier of MB to allow to internalize into cells. In this study,
cationized gelatin nanospheres (cGNS) are used as a carrier of MB. One of the target biological functions is cell apoptosis. MB to detect
caspase-3 mRNA of an apoptosis target (casp3 MB) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA of a housekeeping gene
(GAP MB) were used. The objective of this study is to design the cGNS system for MB to visualize the cell apoptosis. cGNS incorporating MB
(cGNSMB) were prepared at different conditions. The cGNSMB showed a sequence specificity in hybridization and stability against nuclease
digestion. After cells cultured with the cGNSMB, camptothecin of an apoptosis inducer was added to the cells. The fluorescent intensity of
cGNSGAP MB was constant at any concentration of camptothecin. On the contrary, the fluorescence of cGNScasp3 MB significantly increased only
after the addition of camptothecin. This is because the cGNS permitted MB to effectively internalize into the cell, and react with the
intracellular target mRNA. This paper also reports that the intracellular controlled release of MB is promising to prolong the time period of
mRNA visualization.
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Dual-modal fluorescence/CT imaging for monitoring degradation of PLGA scaffold in vivo by labeling with gold
nanoclusters
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Department of Plastic and Reconstrucive Surgery, Shanihai Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, China，2Shanghai Key Laboratory of Tissue
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Degradable polymers such as poly(lactic-co-glycolic acid) (PLGA) are frequently chosen for tissue engineering applications including bone,
cartilage, muscle and skin. The proper degradation rate of scaffolds is the key to the formation and reconstruction of neo-tissue. However, noninvasive monitoring of PLGA scaffolds degradation in vivo is still lacking. In this study, we developed a trackable scaffold by labeling poly lacticco-glycolic acid (PLGA) with fluorescent gold nanoclusters (AuNCs). The AuNCs possess well fluorescence characteristic as well as X-ray
attenuation characteristic. The AuNCs were synthesized, characterized, and their cytotoxicity were evaluated in cultured cells. The particles
were incorporated into PLGA solution, then the porous AuNCs labeled PLGA (AuNCs/PLGA) scaffold was fabricated by freeze-drying. The
AuNCs/PLGA scaffold can be detected by fluorescence imaging and CT scanning. After the implantation of the scaffolds subcutaneously into
the nude mice, degradation of the scaffolds was monitored by fluorescence imaging and CT imaging in five weeks, and the samples were
harvested for histological analysis. This new approach provided an accurate and non-invasive way for tracking the degradation of synthetic
polymer scaffolds in vivo.
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Patient-specific bioactive, antimicrobial PLA-PGA/titanium implants for large jawbone defects after tumour
resection

Roman Major1，Piotr Wilczek2，Juergen Markus Lackner3，Tomasz Ciach4，Marcin Charkiewicz5
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PL.，3JOANNEUM RESEARCH Forschungsgesellschaft mbH MATERIALS - Institute of Surface Technologies and Photonics Functional Surfaces Leobner Straße 94 A-8712 Niklasdorf，4Warsaw
University of Technology Faculty of Chemical and Process Engineering plac Politechniki 1 00-661 Warszawa Poland，5ChM sp. z.o.o. Lewickie 3B 16-061 Juchnowiec Kościelny Poland

Jawbone resection is the final surgical treatment for ~5500 patients in EU28 with maxillofacial benign and malignant tumours. The resulting
large bone defects lead to scarred, mangled facial appearance and the loss of mastication and speaking function, requiring aesthetic and
functional reconstruction as basis for physical and physiologic rehabilitation. Although autologous vascularized bone from fibular or iliac-crest
autografts is current gold standard, the portion of transplantable bone is limited and subsequent high-dose anti-cancer chemo-/radiotherapy
often results in tissue necrosis.
Consequently, our current research focusses on alternative treatment techniques, separating immediate and long-term reconstruction stages:
Immediate reconstruction as Stage (i) targets on drug-eluting, polymer-based spacer implants as substitute to transplanted autografts, which
enable local high-dose chemo-/radiotherapy with minimal tissue damage and conserve muscle tension over ~6 months (=on-going R&D of
project partners). The final reconstruction as Stage (ii) can then be based on novel patient-specifically manufactured maxillofacial implants,
again without autografts (=R&D target of the jawIMPLANT project). The planned neoformation of vascularized bone in such implants within the
patient’s own body as “bioreactor” is the safest approach in tissue engineering. Compared to the state-of-the-art (autografts, Ti implants),
further targeted USPs of these metal-polymer hybrid implants for the functional (mastication, speaking, etc.) and aesthetical jawbone
reconstruction are strongly improved accuracy (dental interocclusion), mechanical strength, antimicrobial protection, low irritation of
surrounding tissue and the possibility for CT imaging in oncological re-checks.
Acknowlegement: This project is implemented under the Program for M-ERA.NET-2016/232/2017 Patient-specific bioactive, antimicrobial PLAPGA/titanium implants for large jawbone defects after tumour resection “jawIMPLANT”, funded by the National Centre for Research and
Development
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The influence of laser-sintered titanium surface properties on attachment of peri-implantitis-associated
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Background
Laser sintering is an additive manufacturing process that fuses powdered material in incremental layers. This technology allows the production
of complex geometries and so is increasingly used to produce medical implants. However, the impact of this novel manufacturing process on
biomaterial surface properties, resultant interactions with biological environments, and microbial colonisation remains unknown.
This study aimed to investigate the influence of titanium (Ti) surface properties on the attachment of bacterial pathogens associated with periimplantitis (PI), a bacterial-mediated inflammatory disease that can cause dental implant failure.
Methods
Physicochemical characterisation, including Fourier-transform infrared spectroscopy, surface profilometry, contact angle measurements and
grain boundary visualisation, was performed on laser-sintered Ti discs.
PI-associated bacteria Fusobacterium nucleatum and Porphyromonas gingivalis were cultured until mid-log phase. Discs were incubated for up
to 2h in bacterial suspensions. Attachment and viability were quantified by microbiologic culture counts and image analysis following
fluorescence microscopy. Both plain and artificial saliva (AS) pre-treated discs were evaluated to investigate the influence of surface
preconditioning on bacterial attachment.
Results
Ti discs presented smooth, hydrophilic surfaces (Ra=0.056µm, contact angle θ =49°).
Attachment to Ti differed between F. nucleatum and P. gingivalis. At 2h, 42% F. nucleatum attached to Ti surfaces with 90% viability, while P.
gingivalis showed 14% attachment and 98% viability.
Pre-treatment with AS increased surface hydrophilicity ( θ =37°) and modulated bacterial colonisation. F. nucleatum attachment and viability
decreased to 17% and 49% respectively, while P. gingivalis attachment increased to 42% and retained high viability (85%).
F. nucleatum formed patterns on the surfaces that correspond to Ti grain boundaries produced during laser-sintering.
Conclusion
This study demonstrates that PI-associated pathogens can colonise implant biomaterial surfaces directly, while AS induced divergent effects on
bacterial attachment and viability. These novel findings warrant further exploration. Surface hydrophilicity is important when considering
bacterial attachment to biomaterial surfaces. Unique attachment pattern formation observed with F. nucleatum on laser-sintered discs may
indicate sensing capacity directing biofilm structure.
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Saline Accelerates Oxime Reaction with Aldehyde and Keto Substrates at Physiological pH
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Engineering, Tampere University of Technology, and BioMediTech Institute, Tampere,, Finland，3Condensed Matter Theory, Materials Theory Division, Department of Physics and Astronomy,
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We have discovered a simple and versatile reaction condition for oxime mediated bioconjugation reaction that could be adapted for both
aldehyde and keto substrates. We found that saline accelerated the oxime kinetics in a concentration-dependent manner under physiological
conditions. The reaction mechanism is validated by computational studies, and the versatility of the reaction is demonstrated by cell-surface
labeling experiments. Sialic acid motifs on cell surface proteins were converted to aldehyde and then conjugated with aminoxy labelled FITC.
This conjugation was then analyzed by confocal imaging and FACS. Saline offers an efficient and non-toxic catalytic option for performing the
bioorthogonal-coupling reaction of biomolecules at the physiological pH. This saline mediated bioconjugation reaction represents the most
biofriendly, mild and versatile approach for conjugating sensitive biomolecules and does not require any extensive purification step.
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Mechanical and biological performance of Fiber-reinforced Calcium Phosphate Cements for Load-bearing bone
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Skeletal bone defects represent an increasingly frequent clinical condition. Treatment commonly relies on bone grafting using autologous bone,
but the severe drawbacks thereof have instigated the development of a large variety of (synthetic) bone substitute materials.
Calcium phosphate cements (CPCs) are bone substitute materials with advantageous handling and biological properties which can be
rendered degradable by incorporating poly(lactic-co-glycolic acid) (PLGA) porogens. However, CPCs lack mechanical strength and toughness,
and hence are limited to applications with minimal load-bearing applications. Fiber-reinforcement with polymeric fibers was shown to increase
the mechanical strength and fracture toughness of CPCs. Herein, we propose the inclusion of poly(vinyl alcohol) (PVA) fibers to improve the
stiffness, toughness and strength of CPCs, without compromising the biological performance. To this end, we determined the mechanical
properties of PVA-reinforced CPC and evaluated the biological performance in a rabbit femoral condyle bone defect model.
We used a CPC and CPC/PLGA with or without incorporation of PVA fibers. Each material was tested for mechanical properties using a threepoint bending set-up. Next, pre-set specimens of each group were implanted in femoral condyle bone defects of New Zealand white rabbits
for 6 and 12 weeks. Histological sections of the region-of-interest were assessed for biocompatibility parameters and newly formed bone and
remaining material were quantified.
Fiber-reinforcement with PVA fibers demonstrated a significant improvement of mechanical properties (i.e. work-of-fracture and flexural
strength). Biologically, all experimental materials demonstrated an intimate contact with the surrounding bone, without the presence of any
fibrotic tissue. Moreover, no signs of acute inflammation, degeneration in tissue morphology or necrosis were observed for any of the
experimental materials. New bone formation was significantly higher for CPCs containing PLGA porogens at both 6 and 12 weeks. Interestingly,
the addition of PVA fibers to CPCs did not compromise new bone formation, and new bone was formed also near PVA fibers.
We here demonstrate that the incorporation of PVA fibers successfully improves the mechanical properties of CPCs, without compromising the
biological properties of these materials. Future studies should focus on the biomechanical performance of PVA-reinforced CPCs using loadbearing pre-clinical models.
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New force-controlled bioreactor for real-time viscoelastic measurements in a model of liver fibrosis    
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Despite the intrinsic viscoelastic nature of tissue and biomaterials, most of the studies in the literature are focused only on the effect of stiffness
on the cells. In addition, these studies are normally based on static parameters (i.e. a time-invariant elastic modulus), while the mechanical
properties of natural tissues are subject to a temporal evolution, both in physiological and pathological conditions1. Therefore, the possibility of
investigating the mechanical properties of scaffolds and biomaterials during cell culture is of great interest, and several examples can be found
in the literature2–4. However, they do not focus on viscoelastic properties, and it is evident that a deeper study of these properties is necessary.
For this reason, a new testing method, the sigma-dot (), was developed to allow real-time viscoelastic measurements in the
MechanoCultureTR (MCTR) bioreactor (CellScale, Canada). Moreover, the MCTR, which allows the application of a known pressure on the
sample while monitoring displacement using hall effect sensors, was re-engineered to allow low force testing of soft tissue constructs. In order
to mimic the transition of healthy to fibrotic liver in-vitro, a dynamic model of hepatic fibrosis was developed and its stiffening monitored in the
MCTR using the new sigma-dot () testing method.
The method is based on the application of different constant stress rates and on a global fitting of the resultant curves to obtain viscoelastic
parameters such as the instantaneous and equilibrium moduli and the relaxation time. Sigma-dot was validated with a standard testing
machine (Proline Z005, Zwick/Roell), comparing it with testing methods such as creep and epsilon-dot5. Then changes in viscoelastic
parameters of liver-derived extracellular matrix gels crosslinked with mTG (microbial transglutaminase) were monitored over time in the
modified bioreactor.
Thanks to the integration of the new MCTR and testing method, it was possible to monitor both cell function and time dependent mechanical
properties in gels loaded with HepG2 and stiffened with the enzyme.
References
1. Liu, JCB 190, 693–706, 2010.
2. Preiss-Bloom, AO 33, 318–327, 2009.
3. Popp, JMD 6, 2012.
4. Lujan, TE C 17.3, 367-374, 2010.
5. TIrella, JBMR 102A, 3352-3360, 2013.
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Characterization of mechanoresponsive elements in electrically-stimulated human mammary epithelial cells
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Endogenous electric fields are essential in the physiological processes of all living organisms, namely in controlling cellular functions, such as
morphology, gene expression, proliferation, and migration. In order to obtain better control over cellular growth, orientation and differentiation,
the application of external electrical stimuli has become increasingly popular. Even though little is known about the physical mechanism that
allows a cell to sense an electric field, it seems that it may be through the same pathways involved in mechanotransduction1.
The subcellular localisation and activity of the transcription co-factors YAP and TAZ are tightly regulated by biophysical stimuli 2, which
indicates that these transcriptional regulators are essential mechanosensors and mechanotransducers. In this work, we applied an external
electrical stimulation (ES) on non-malignant mammary epithelial MCF10A cells, provided via a biocompatible, conducting polymer polypyrrole
(PPy)3, and studied their biomechanical response. In particular, we investigated how the expression of two YAP/TAZ-regulated genes, CTGF
and ANKRD1, was affected. Furthermore, in order to achieve a highly-sensitive characterisation, with temporal and spatial resolution, of how
the mammary epithelial cells sense and respond to the applied external electrical stimulation, we employed Atomic Force Microscopy (AFM)
and Scanning Ion Conductance Microscopy (SICM). AFM allowed us to directly measure single cell elasticity and morphology changes due to
mechanics such as reorganisation of the cytoskeleton, and SICM enable us to acquire non-contact topography images and stiffness maps, by
using its capability to measure the ion current through an electrolyte-filled nanopipette.
By synergistically combining SICM, AFM and molecular biology tools, we were able to characterise the mechanical response of living cells
upon ES, by measuring intracellular changes and studying gene regulation pathways. This study can potentially shed light on how cells sense
and mediate electrical cues, and how these affect cell fate in biomedical applications.
References:
1. R. Balint, N. J. Cassidy, and S. H. Cartmell, TISSUE ENGINEERING: Part B, 19, 1, 2013
2. S. Dupont, L. Morsut, M. Aragona, E. Enzo, S. Giulitti, M. Cordenonsi, F. Zanconato, J. L. Digabel, M. Forcato, S. Bicciato, N. Elvassore, and S.
Piccolo, Natue, Vol 474, 179, 2011
3. A. Gelmi, M. K. Ljunggren, M. Rafat & E.W.H. Jager, J. Materials Chemistry B, (2)24, 2014
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Anterior cruciate ligament (ACL) rupture is the most common injury in contact sports. Due to its poor healing capacity, surgical intervention is
often required for restoring the stability of the knee. Nowadays, the gold standard is ligamentoplasty, which consists in the use of bone-patella
autograft. Nevertheless, with the expansion of tissue engineering, there are more and more researches focusing on the development of artificial
ligaments. The new objective is to develop a biodegradable structure with a controlled degradation rate which can support mechanical
strengths during the time of neo-ligament formation and which can act as a scaffold for cell colonization [1,2]. Mechanical behaviour of this
synthetic structure and reconstruction of natural tissue by cells are the two key points for such a successful device. Our laboratory works for
several decades on the creation of bioactive surfaces using sodium poly(styrene sulfonate) (pNaSS) which can control the cell response[3, 4].
Because the improvement of the biological response does not have negatively impact on the mechanical behaviour of the future implant,
especially for an orthopaedic prosthesis, we studied the evolution of these properties on poly( ε -caprolactone) (PCL) fibers bundles at each
steps of the grafting process, until sterilization. The results show that PCL bundles have the same visco-elastic comportment than the native
ACL. Plus, we demonstrated the possibility to improve the elasticity of the construct with the grafting process, which can be very interesting to
avoid distension of the future prosthesis and to restore good knee stabilization.
REFERENCES
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2. Murray G. et al., Orthop. J. Sports Med., 4(11):232596711667217, 2016
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Identifying suitable 3D scaffolds for repair and regeneration of bone in critical size defects is challenging due to different, often contradictory,
requirements imposed on these materials. While scaffold mechanical properties are essential to support the defect at the repair site, the
success of the bone graft is strongly governed by its permeability and the consequent ability of blood vessels and cells to invade the scaffold.
Mechanical properties of ceramic scaffolds decrease with increasing porosity, when their permeability increases with increasing porosity.
Consequently, an optimum range of porosities needs to be identified where both the mechanical properties and the permeability are
sufficiently high to warrant efficient bone repair.
Here we utilise a novel experimental-computational approach to characterise the dependence of material properties and permeability on
porosity using Baghdadite as scaffold material. Scaffold stiffness and strength for a porosity range (10 to 97%) were determined based on
uniaxial compression testing. The principal permeability matrix for the same porosity range was computed based on microCT imaging and
computational fluid dynamics simulations.
Baghdadite stiffness, as determined from compression testing, follows a closed foam structure and is about two orders of magnitude lower
than stiffness values obtained from ultrasonic testing. The latter follows an open foam structure. Strength values ranged from 0.03 to 4.17 MPa,
stiffness values ranged from 100 to 430 MPa, and permeability values ranged from 55.7 to 0.094 ×10-10 m2 for porosity from 10 to 97%. We
developed an optimization algorithm based on a weighted Root Mean Squared Error function between bone properties and scaffold properties
taking into account stiffness, strength, and permeability. Using this function, we determined an optimal scaffold porosity of 76% to most closely
match trabecular bone properties with a 85% porosity. Depending on the chosen weights assigned to strength, stiffness and/or permeability,
different optimal values for scaffold porosity are obtained.
Our approach demonstrates how the combination of computational and experimental methods can help to achieve an optimized design of
ceramic-based scaffolds for large bone defects.
Acknowledgements
The authors acknowledge the support of the Australia National Health and Medical Research Council, the Australian Research Council, and the
Rebecca Cooper Foundation.
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Alginate hydrogels, obtained by ionic crosslinking, are versatile materials with a broad range of applications, from biomaterials, mainly for cell
encapsulation and drug delivery, to food science. Up to a certain extent, the properties can be tailored by controlling the crosslinking, either by
employing different multivalent cations or by different gelation processes, namely internal and external gelation. Solvent treatments may also
affect the properties of alginate hydrogels. Yet, up to now, the need for tough hydrogels was met by developing double interpenetrated
network hydrogels (IPN), in which the main network is represented by synthetic, non-degradable, polyacrylic acid or polyacrylamide that
dominates the mechanical features of the hydrogel, bringing exceptional properties (up to 225 kPa elastic modulus both in tension and
compression)1. In this work, a range of interpenetrated hydrogels with both networks made of alginate, “alginate-in-alginate” IPN, are proposed.
They were obtained using a combination of internal and external gelation processes (AlgH2O) and treatment with a non-solvent, such as ethanol
(AlgEtOH). Extensive mechanical analysis was performed using dynamic mechanic analysis in compression and tension mode, as well as
rotational and extensional rheology. Additionally, stability assays were conducted in dH2O at 25 and 37 ± 1°C. The AlgH2O hydrogels exhibited
lower compressive modulus than AlgEtOH hydrogels (about 50 and 240 KPa, respectively), while in tension AlgH2O hydrogels displayed higher
tensile modulus than AlgEtOH hydrogels (about 410 and 370 KPa, respectively). The extensional rheology was also performed. The extensional
viscosity is within the same order of magnitude for both types of hydrogels at the different extension rates, yet AlgEtOH hydrogels display strain
hardening (i.e. at large strain, the stress increases more than proportionally). In this way, tough and stretchable (up to 90% strain) hydrogels
were synthesized via a frugal, facile and cheap method. Ongoing work is focused on relating the different mechanical and rheological
properties to generate greater insights in the structure and mesh size of hydrogels, which can expand the potential application of these
materials in the fields of regenerative medicine and drug delivery.
1.Naficy S, et al. Mechanical properties of interpenetrating polymer network hydrogels based on hybrid ionically and covalently crosslinked
networks. J Appl Polym Sci, 130, 2504-13, 2015.
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  Heparin-Poloxamer and Gellan Gum Composite for Enhanced Injectable Hydrogel
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Gellan gum(GG) hydrogels are advantageous in tissue engineering due to their ability to provide a similar environment to that of natural
extracellular matrix (ECM). Nevertheless, gellan-based hydrogels need to be modified in order to encapsulate living cells, because the gelling
point of this temperature-dependent gel is too high(above 42℃ ). A temperature-sensitive heparin modified poloxamer(HP) polymer decrease
GG gelation temperature. In this study, HP-GG hydrogel was fabricated to evaluate mechanical properties of hydrogel and retinal pigment
epithelium regeneration. HP polymer was made by chemical reaction and loaded in to crosslinked GG. HP/GG was fabricated by using 1% GG
and 0.025wt%, 0.05wt%, 0.1wt% HP was loaded in GG. HP/GG hydrogel were analyzed using SEM, MTT, FTIR, RT-PCR, viscosity and
compressive strength. It was shown that HP-GG hydrogel increased physical and biological properties compared to control group.
Acknowledgment: This research was supported by a grant of the Korea Health Technology R&D Project through the Korea Health Industry
Development Institute (KHIDI), funded by the Ministry of Health &Welfare, Republic of Korea (grant number : HI15C2996 )
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Effects of delayed reaction on mineral formation in dentinal tubules
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Objectives
The aim of this in vitro study was to evaluate the depth of mineral formation in dentinal tubules by delayed reaction.
Methods
Four kinds of precursor solution were prepared：La, 0.64mol/L Ca-EDTA；Lb, La +0.32mol/L NaF；Lc, 2mol/L potassium oxalate (pH 8.0)；Ld,
2mol/L potassium oxalate (pH 4.0). The reaction time of precipitation was measured after mixing liquid La & Lc, Lb & Lc, La & Ld, Lb & Ld
respectively. Coronal dentin disks were etched with 35% phosphoric acid gel for 30s and cleaned. The discs were randomly divided into 6
groups: A, one-step applied with mixing solution La & Lc (1:1) for 30s on dentin surface; B, one-step applied with mixing solution Lb & Lc (1:1)
for 30s; C, two-step applied with 0.5 ml La for 2 min, then 0.5 ml Lc for another 2min; D, two-step applied with 0.5 ml Lb for 2 min, then 0.5 ml
Lc for another 2min; E, two-step applied with 0.5 ml La for 2 min, then 0.5 ml Ld for another 2min; F, two-step applied with 0.5 ml Lb for 2 min,
then 0.5 ml Ld for another 2min. After 7 minutes from beginning, specimens were washed with deionized water for 30s. Surface morphology
and composition were analyzed by SEM and XRD. The depth of mineral formation in dentin tubules were measured under SEM, and the data
were analyzed by ANOVAs followed by LSD test.
Results
The precipitation time of La & Lc, and Lb & Lc were 30 ± 5.0s and 90 ± 5.0 s, respectively, however, La & Ld, and Lb & Ld reacted immediately.
SEM images showed mineral crystalline formed in group A, B, C and D, and amorphous mineral formed in E and F. XRD showed the fluorapatite
and calcium oxalate salts on the surface of group B, D and F, while hydroxyapatite and calcium oxalate salts on group A, C and E. The depth of
mineral formation in dentin tubules of group A = 46.27 ± 1.49 μm; group B =49.55 ± 2.60 μm; group C =51.05 ± 0.77 μm; group D =
51.44 ± 1.80 μm; group E = 11.29 ± 2.68 μm and group F = 10.81 ± 2.18 μm. The depth of mineral formation of group A, B, C and D had
significant differences with that of group E and F (p<0.05).
Conclusion
NaF and higher pH potassium oxalate could delay the reaction, and the depth of mineral formation in tubules in delayed group was
significantly deeper. One-step and two-step method had no significant effects on the depth of mineral formation except group A. The addition
of NaF might be involved in the formation of fluorapatite.
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Supermolecule-based culture substrates with tethered BMP-2 enhance osteogenic differentiation
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Polyrotaxane (PRX) is a supermolecule with many cyclic molecules (e.g., α-cyclodextrin (α-CD)) threaded onto an axis polymer (e.g.,
polyethylene glycol (PEG)) and characterized by modulating its molecular mobility via the threading cyclic molecules along the chain.
Previously, we have succeeded in modulating the differentiation of mesenchymal stem cells using PRX-based surfaces. For instance, less mobile
PRX surfaces enhance the formation of actin filaments (F-actin) to preferentially induce osteogenic differentiation, whereas highly mobile PRX
surfaces preferentially induce adipogenic differentiation accompanied by the inhibition of F-actin formation. Alternatively, we have reported that
sulfonated-PRXs can form polyelectrolyte complexes with bone morphogenetic protein-2 (BMP-2), resulting in the acceleration of the
osteogenic differentiation of MC3T3-E1 cells as preosteoblasts. In the present study, we prepared sulfonated-PRX based surfaces with BMP-2
for enhancing osteogenic differentiation1. The sulfonated-PRX substrates were fabricated by coating sulfopropyl ether-modified PRXs (SPE-PRX)
triblock copolymers onto polystyrene surfaces by a drop-casting method. And then, BMP-2 was tethered on the sulfonated-PRX surfaces by
electrostatic interactions. For assessing the effect of molecular mobility of the SPE-PRX surfaces, the proliferation of MC3T3-E1 cells was
analyzed by microscopic observation. The cell proliferation on less mobile SPE-PRX surfaces with a large number of threaded α-CDs was higher
than that on highly mobile SPE-PRX surfaces with a small number of threaded α-CDs. This result indicates that the less mobile SPE-PRX surfaces
promote the proliferation of MC3T3-E1 cells and are suitable for inducing osteogenic differentiation. For evaluating osteogenic differentiation,
gene expression and mineralization of MC3T3-E1 cells on the surfaces were analyzed by qRT-PCR and alizarin red O staining. MC3T3-E1 cells
were cultured on the SPE-PRX surfaces and non-sulfonated PRX surfaces with tethered or added BMP-2. The BMP-2-tethered SPE-PRX surfaces
with less mobility induced the highest mineralization and expression levels of the runx2, alp, and ocn genes among all culture conditions. These
results indicate that the sulfonated PRX surfaces with BMP-2 strongly induce the osteoblast differentiation by the synergistic effect of the
mobility of PRX and tethering of BMP-2.
References:
1. Arisaka Y et al., J Biomater Sci, Polym Ed 28 (10-12), 974-985, 2017.
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Preparation of cell-laden visible light-responsive collagen gel microarray for high throughput cell sorting

Chie Kojima1，Yusuke Nakajima1，Kaede Yokoyama2，Takeshi Kawano2，Kenji Takatsuka2，Yusuke Taki2，Yuji Haraguchi3，Katsuhisa Matsuura3，
Tatsuya Shimizu3
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Grad. Sch. of Engineering, Osaka Prefecture University, Osaka, Japan，2R&D Division, Nikon Corporation, Yokohama, Japan，3TWIns, Tokyo Women's Medical University, Tokyo, Japan

Cell sorting is quite important in various fields from cell biology to regenerative medicine. Previously, we have developed a visible lightresponsive cell culture substrate, gold nanoparticles (AuNP)-embedded collagen gels. Because AuNP has a photothermogenic property and
collagen gel is thermally denatured, the photo-irradiated area was selectively denatured to induce the cell detachment. Thus, this is applicable
as an image-guided cell sorting system [1]. In this study, cell-laden hydrogel microarray with submillimeter diameters were prepared to achieve
high throughput cell sorting. AuNP-embedded collagen gel was prepared in a 35 mm culture dish, and then plastic plates having multiple
pinholes with various diameters were pushed into the collagen gel to prepare the gel microarray. The gel microarray was also prepared by
using degassed polydimethylsiloxane plates [2]. When visible laser was irradiated to the microarray gel, the collagen gel shrank within several
seconds and then a hole was formed at the light irradiation site. The obvious changes were observed in micro-sized gels after the photoirradiation, but not in the macro-sized gel. Smaller microarray gel shrank more rapidly. The small volume of the AuNP-embedded collagen gel
affected the drastic change after the photo-irradiation. Cardiomyocytes differentiated from iPS cells could be cultured on the gel microarray,
which could be detached with medium flow after the photo-irradiation. This system is useful for regenerative medicine of heart.
References:
1. Kojima C, Nakajima Y, Oeda N, Kawano T, Taki Y, Macromol. Biosci. 17, 1600341, 2017.
2. Tanaka N, Moriguchi H, Sato A, Kawai T, Shimba K, Jimbo Y and Tanaka Y, RSC Adv. 6, 54754, 2016.

a91226

01-P225

Perfusion culture system using paper-based bilayer scaffold with porous microfibers for effective myotube
formation  

Masao Maruyama，Keiichi Imato，Naoya Takeda
Graduate School of Advanced Science and Engineering, Waseda University (TWIns), Tokyo, Japan

Engineered skeletal muscle tissues for transplantation therapy in regenerative medicine and for in vitro model in drug development are useful
and important. Skeletal muscles are formed by fusion of longitudinally adjacent and aligned myoblasts. Therefore, control of the cells
orientation is a crucial factor to develop the engineered skeletal muscles. In this study, we used oriented microfiber scaffolds to effectively
induce myoblasts alignment and differentiation into myotubes. Poly(caprolactone) (PCL), a biodegradable synthetic polymer, was employed as
the microfiber material, and the cellular adhesiveness to PCL microfibers was improved by creating porous structure on the surface. Moreover,
various fluidic flows in the body give shear stresses and positively work to develop tissues like vessels. Accordingly, we tested the hypothesis
that flow stress also enhances formation of muscle tissue in vitro. For this purpose, we developed a novel bilayer scaffold, in which paper was
combined to basal side of the PCL porous microfibers. Medium flow was generated by capillary action of the paper in a self-driven mode.
Siphon principle was also utilized to realize continuous flow by bridging two medium chambers in different height with the bilayer scaffold.
Porous PCL microfibers were electrospun on a paper with the breath figure method, and approximate single orientation was obtained by
collecting with a rotating drum. Mouse skeletal myoblasts (C2C12) were cultured on the bilayer scaffolds in perfusion or static (control)
conditions. Growth medium or differentiation-inducing medium were used. Pre-incubation was performed using growth medium in static
conditions for 2 days, prior to culture using each medium in each condition for 3 days. The static and perfusion cultures in growth medium
proliferated C2C12 cells approximately twice as much as the static culture in differentiation-inducing medium. In addition, aligned myotubes
formed in the perfusion cultures occupied approximately two times larger area than those in the static cultures, whichever medium was used.
These results suggest that the shear stress by medium flow effectively induced myotube formation, accompanying with enhancement of cell
proliferation.
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Automated Adherent Cell Elimination by a High-Speed Laser Mediated by a Light-Responsive Polymer  
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The purification of different types of cultured cells is critical in various biomedical fields, including basic research, drug development, and cell
therapy. Conventionally, fluorescence-activated cell sorting (FACS), affinity beads, gradient centrifugation, and elutriation have been used for cell
purification. However, the process of detaching, dissociating, sorting, and reseeding can result in low yield and in altered cell characteristics for
adherent cells. We have developed a Laser-Induced, Light-responsive- polymer-Activated, Cell Killing (LILACK) system enabling high-speed and
on-demand adherent cell sectioning and purification. A visible laser beam, which does not kill cells directly, induces local heat production in
only the irradiated area of a light-responsive thin layer. This scheme enables effective cell killing even at very fast beam scanning without
damaging neighbouringunirradiated cells. To examine the safety and feasibility of this LILACK system, we examined the effect of the long-term
culturing of human induced pluripotent stem cells (hiPSCs) using the developed laser-mediated processing on the light-responsive polymer.
After 10 passages through the system, the hiPSCs were characterized. The karyotype of these hiPSCs was maintained in all the cells. These
cells expressed self-renewal markers of pluripotent stem cells. When differentiated using embryoid body (EB) formation, these cells
differentiated into three germ layers. Additionally, these hiPSCs were free of harmful viruses and mycoplasma. We also developed a label-free
cell elimination system based on deep machine-learning imaging analysis. Then, we applied this trained classification algorithm to our lasermediated cell elimination with only phase-contrast images. After the automated cell elimination, we found that the TRA1-60-positive cell ratio
increased after laser irradiation to eliminate the "differentiated" cells classified by this algorithm. These results indicate that in situ label-free cell
purification was achieved using our LILACK system combined with imaging analysis based on deep learning. We believe that our methods can
be widely used in various biomedical fields, including basic research, drug development, and cell therapy. Since the classification of cell types
based on deep-learning methods is advancing rapidly, the importance and functionality of our technology will be further enhanced in the near
future.
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Novel Human Pluripotent Stem Cell Expansion Polymers: A High-Throughput Micro Array Discovery Campaign
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Human pluripotent stem cells (hPSCs) are able to differentiate into virtually any cell type in the body, potentially providing a new resource for
regenerative medicine.1 However, the use of poorly defined, animal-derived substances as cell attachment surfaces for hPSC expansion is
commonplace; this leads to unwanted batch variability, increased chance of contamination and greater regulatory control over the materials
used.2, 3 Currently, synthetic substrates identified for hPSC expansion have issues associated with their use, often requiring protein preconditioning4 which limits their commercial and practical viability. Progress has been made with industrially-viable surfaces developed for a
range of culture media,5 however no cost-effective synthetic substrates have yet been shown to support hPSC growth using the most recent,
chemically-defined Essential 8TM (E8TM) growth medium.6 As with cell attachment surfaces, use of a highly-defined medium such as E8TM reduces
batch inconsistencies, facilitating hPSC expansion and research by providing reproducible access to appropriate numbers of cells for
biomedical applications.7 Building upon techniques developed in our laboratory,8 we have applied a high-throughput screening approach to
materials discovery for hPSC culture in commercially available E8TM medium. Using printed polymer arrays, created from a library of over 280
monomers polymerised both individually and mixed, we have identified the first low-cost polymeric materials suitable for further investigation in
pluripotent hPSC expansion. We are currently working towards developing our hPSC culture system for use with existing standard laboratory
cultureware, with a view to providing an industrially-viable, defined and scalable solution for hPSC culture.
1. Fox IJ et al, Science 345, 889, 2014
2. Rajamohan D et al, BioEssays 35, 281, 2012
3. Smith JGW et al, Regen. Med. 10, 925, 2015
4. Mei Y et al, Nature Mater. 9, 768, 2010
5. Celiz AD et al, Adv. Mater. 27, 4006, 2014
6. Celiz AD et al, Alexander MR, Nature Mater. 13, 570, 2014
7. Chen G et al, Nat. Methods 8, 424, 2011
8. Algahtani MS et al, J. Control. Release 190, 115, 2014
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Tissue Engineering Approaches Using Piezoelectric Scaffolds
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Introduction:
Piezoelectric materials are attracting attention from the tissue engineering community[1]. This study demonstrates the efficacy of
polyvinylidene fluoride (PVDF) piezoelectric films and fibres for bone tissue engineering purposes.
Experimental:
Solution blow spinning is utilised to fabricate aligned fibre mats of PVDF and PVDF/graphene oxide (GO). Scanning electron microscopy (SEM),
Fourier-transform infrared spectroscopy (FTIR), differential scanning calorimetry (DSC) and X-ray diffraction (XRD) measurements are performed
on fibres. Commercial piezoelectric and non-piezoelectric PVDF films along with PVDF and PVDF/GO fibres have been used for cell culture
studies. Resazurin reduction assay is utilised for quantification of metabolic activity of cells. A four point bending bioreactor has been fabricated
to mechanically deform piezoelectric films to stimulate cells electrically. Modelling and simulation of 4 point bioreactor system is carried out in
Abaqus to discuss the limitations of the device.
Results and discussion:
SEM images reveal average fibre diameter of ~1.5 μm. FTIR data is utilised to quantify the amount of β phase(~75% for fibres), DSC shows
that the fibres are more than 50% crystalline and XRD qualitatively confirms this. Metabolic activity of MC3T3-E1 cells in static culture(no
mechanical stimulation) of PVDF fibres on day 7 is significantly higher than non-piezoelectric films but the piezoelectric PVDF films display
significantly higher metabolic activity than PVDF fibres. GO incorporation on PVDF fibres results in higher metabolic activity than fibres which is
similar to those of piezo films. Four point bending bioreactor fabricated for mechanical and consequent electrical stimulation of cells on piezo
films is validated through modelling, simulation and experiments to deliver up to 5000 με of uniaxial tensile strain.
Conclusions and future work:
Static cell culture experiments reveal that poling PVDF significantly contributes to increased metabolic activity which can be further enhanced
by adding fillers and utilising dynamic mechanical stimulation of PVDF scaffolds. A uniaxial tensile strain of 1000 με will be applied to assess
the effect of piezoelectricity on cells.
Acknowledgements:
The authors would like to thank the Commonwealth scholarship commission for their support.
References:
[1]A.H. Rajabi, M. Jaffe, T.L. Arinzeh, Piezoelectric materials for tissue regeneration:A review, Acta Biomater. 24 (2015) 12–23.
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Enhanced myotube formation on the oriented coaxial core-sheath microfiber scaffold embedding high conductive
polymer without applied voltage    

Misa Nakaya，Keita Tanaka，Keiichi Imato，Naoya Takeda
Department of Life Science and Medical Bioscience, Graduate School of Advanced Science and Engineering, Waseda University (TWIns)

Skeletal muscles cannot sufficiently regenerate when damaged to a large extent by an accident or a disease. Therefore, fabrication of
transplantable skeletal muscles in vitro is strongly desired. Skeletal muscles are developed from aligned myotubes, which are formed via fusion
of longitudinally adjacent myoblasts. Thus, the myotube formation in vitro is effectively promoted by culturing myoblast along the oriented
microfiber scaffolds. Moreover, electric effects associated with conductive scaffolds also positively work to enhance the myotube formation.
PEDOT/PSS shows much higher conductivity among the conductive polymers, but cannot be used alone as scaffolds because easily dispersed
in water and inferior in cell adhesion. In this study, we developed the oriented coaxial core-sheath microfibers via electrospinning, in which a
mixture of cell-adhesive gelatin (GN) and stiff, biocompatible poly(e-caprolactone) (PCL) covered the core PEDOT/PSS fiber. The bilayer
structure improved the stability of PEDOT/PSS in an aqueous culture media, and the oriented fiber structure and core PEDOT/PSS positively
affected myotube formation.
GN and PCL for the sheath layer were dissolved in 1,1,1,3,3,3-hexafluoro-2-propanol in the ratio of 5/8 (w/v), and the oriented microfibers
were electrospun using a rotating drum collector. Cross-linking of GN by exposing the fibers to glutaraldehyde vapor rendered the sheath layer
stable in the media. GN/PCL fibers without the core PEDOT/PSS and blended fibers of GN/PCL and PEDOT/PSS without the bilayer structure
were also fabricated as control samples. The core-sheath structure was clearly observed by transmission electron microscope, and scanning
electron microscope observation indicated average diameters of approximately 1 mm for all the fibers. On the three types of fiber scaffolds in
growth medium, mouse myoblasts (C2C12) proliferated equally, and the cell densities were saturated after 5 days. After the saturation in
growth medium, C2C12 cells were cultured in differentiation-inducing medium for inducing myotube formation. Longer myotubes were formed
on the core-sheath microfiber scaffold than the control samples. These results indicate that the core PEDOT/PSS promoted not cell
proliferation but the myotube formation. This positive effect was exclusively observed for PEDOT/PSS but not on similar core-sheath fiber
scaffolds with polyaniline or polypyrrole.
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Fabrication of long luminal tissues in three-dimensional gel scaffolds with oriented cellulose nanofibers
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Blood vessels are indispensable for fabricating large regenerative tissues to supply oxygen and nutrients throughout the tissues. Small vessels
embedded in tissues have luminal structures with one or more layers composed of different cell species. Therefore, precise control of cells’
arrangement and position in a long three- dimensional scaffold to efficiently mature is the effective way for fabricating regenerative vessels. In
this study, we developed coaxial bilayer scaffolds of hydrogels (gel fibers) by using microfluidic devices. Our gel fibers had a sheath of alginate
gel, which completely covers a core layer of cellulose nanofiber (CNF) gel as a cell-culture substrate.
Throughout the study, we used alginic acid as the sheath layer material, because it rapidly gelates when complexed with calcium cation. It
formed the stable three-dimensional scaffolds and enabled prolonged culture. The core layer as a cell-culture substrate was located at the
interior of the sheath layer. In a previous study, we used atelocollagen as substrate for embedding cells, but we got cell aggregation due to its
low cell-retention capability. On the other hand, the new CNF gel shows thixotropic nature due to the extremely high aspect ratio of CNF
(diameter of several nm, length of several μm). Owing to this useful nature, the CNF can fluidically flow in the pressurized environment within
the device, whereas it immediately gelates when ejected from the outlet. Good cell-retention capability is expected due to this rapid galation.
Bovine vascular endothelial cells (BAECs) and mesenchymal stem cells (MSCs) were embedded in the core gel, and co-cultured to mature into
luminal tissues.
The gel fiber scaffolds with tens of centimeters in length was successfully fabricated in optimized conditions. The fiber diameter was
approximately 200 μm. BAECs and MSCs were stably retained in the gel fibers over 3 weeks. The cells extended well, adhered to each other,
and finally formed long continuous structures. Moreover, it exhibited lumen-like structure after 20 days culture, confirmed by fluorescent
staining of the nuclei and actin cytoskeleton. This study indicated that the thixotropic CNF gel fibers are available as an effective scaffold for
regenerative vessels. Fabrication of other tissue is currently underway.
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Aging Donor-derived Human Mesenchymal Stem Cells Exhibit Reduced Senescence-associated Activities
Following Serial Expansion on a PEG-PCL Copolymer Substrate
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Human mesenchymal stem cells (hMSCs) have been widely studied for therapeutic development in tissue engineering and regenerative
medicine. They can be harvested from human donors via tissue biopsies, such as bone marrow aspiration, and cultured to reach clinically
relevant cell numbers. However, an unmet issue lies in the fact that the hMSC donors for regenerative therapies are more likely to be of
advanced age. Their stem cells are not as potent compared to those of young donors, and continue to lose healthy, stemness-related activities
when the hMSCs are serially passaged in tissue culture plates. Here, we have developed a cheap, scalable and effective copolymer film to
culture hMSCs obtained from aged human donors over several passages without loss of reactive oxygen species (ROS) handling or
differentiation capacity. Assays of cell morphology, reactive oxygen species load, and differentiation potential demonstrate the effectiveness of
copolymer culture on reduction in senescence-related activities of aging donor-derived hMSCs that could hinder the therapeutic potential of
autologous stem cell therapies.
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The sulfation of biomimetic sulfated glycosaminoglycans controls growth factor binding and subsequent cell
proliferation and differentiation  

Rami Mhanna，Diana El Hajj，Waddah Malaeb
Biomedical Engineering Program, American University of Beirut

Glycosaminoglycans (GAGs) are major components of the extracellular matrix that possess structural and functional roles in many tissues. The
sulfation arrangements of GAGs have been tightly correlated with biological events including morphogenesis, tissue repair and aging. However,
it is not clear how such events are affected by sulfation. Elucidating the mode of action of sulfated GAGs will enable the synthesis of
biomimetic 2D and 3D substrates that can be used in the treatment of diseases and injuries.
Here, alginate was sulfated at different sulfation degrees and then biotinylated in an end-on fashion. The biotinylated sulfated alginates were
then used to modify gold or polystyrene substrates. Binding of growth factors including fibroblast growth factor (FGF), epidermal growth factor
(EGF) and nerve growth factor (NGF) to the substrates was assessed quantitatively using quartz crystal microbalance with dissipation
monitoring (QCM-D) and ELISA and validated qualitatively with immunostaining. Finally, the morphology and growth of cells including normal
and tumour breast epithelial, neuroblastoma and lung cancer cells was evaluated via ImageJ, 3-(4,5-dimethythiazol-. 2-yl)-2,5-diphenyl
tetrazolium bromide (MTT) and 5-bromo-2'-deoxyuridineBrdU.
Sulfated GAG modified substrates with different degrees of sulfation were constructed and assessed using QCM-D. Growth factor binding was
found to increase with increased sulfation of GAGs. These findings were confirmed with ELISA and immunostaining. Cell proliferation was
typically hindered when sulfated materials were added in solution. However, when neuroblastoma cells were cultured on sulfated substrates,
they exhibited more stem cell spheres on the more sulfated substrates.
The ability to prepare sulfated substrates with controlled sulfation levels has strong implications in the biomedical field. It can be used to
induce different levels of growth factor binding, increase/inhibit cell proliferation thus having major implications in tissue engineering and
cancer therapy.
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PVA hydrogel as a substrate for adherent culture of neural stem/progenitor cells

Masayuki Hara，Hideki Mori
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Introduction: Neural stem/progenitor cells (NSPCs) have the capacity to proliferate and are multipotent, giving rise to neurons, astrocytes, and
oligodendrocytes. NSPCs can be amplified in neurosphere suspension cultures. However, the suspension cultures have certain limitations,
including the inconvenience of changing the culture medium as well as difficulty of live imaging. In the present study, we prepared a γ
crosslinked poly (vinyl alcohol) (PVA) hydrogel as a substrate for adherent NSPC cultures. Experimental: A PVA solution (3.75, % 7.50 and 15.0
% (w/v) ) were irradiated with various doses (10, 20, or 40 kGy) of γ ray at room temperature (25°C) in the cobalt 60 (60Co) γ ray facility of
Osaka Prefecture Univ (OPU). NSPCs were isolated from the fetal brain of an imprinting control region mouse (embryonic day 14) and
resuspended in DMEM/F12 medium with EGF (20 ng/ml), bFGF (20 ng/ml), and B27 supplement. Cells (1.0 × 105/ml in 10 ml medium) were
cultured in dishes at 37°C and 5% (v/v) CO2 to induce neurosphere formation and were expanded by dissociation with trypsin and reseeding
every 7 days. All animal experiments were conducted in accordance with institutional guidelines and national standards with approval from the
Animal Experiment Committee of OPU. NSPCs after several passages were used for analysis on a PVA gel. Differentiation was determined by
evaluating the expression of the markers nestin (progenitors), βIII tubulin (neurons), and glial fibrillary acidic protein and S100 β (glia) by
immunocytochemistry and quantitative reverse transcriptase PCR. Results and Discussion: NSPCs adhered to the PVA gel as clusters and grew
without differentiating into neurons and glia. The cluster was hemisphere or in a mount like shape on the surface of the PVA gel. The
proliferation rate of cells grown on the soft PVA gel (3.75 and 7.5% (w/v) PVA) was approximately 70% of that of neurospheres in suspension.
The levels of the marker genes were similar between the two types of culture; although some variability was observed, there were no fold
differences in expression. We conclude that γ crosslinked PVA hydrogels can function as a novel scaffold for maintaining adherent culture of
NSPCs in an undifferentiated state. Reference: Mori, H; Hara, M. Clusters of neural stem/progenitor cells cultured on the soft poly (vinyl alcohol)
hydrogel crosslinked by γ irradiation, J. Biosci. Bioeng. (2016) 121(5), 584-590.Mater. Sci. Eng. C 2014, 42, 146–154.
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Continuous Culture of hESCs on Thermoresponsive Polymer Surface

Lin Kuan-Ju，Akon Higuchi
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Stem cells are attractive reagents for tissue engineering applied on regenerative medicine, translational medicine, and drug discovery. However,
the dishes for conventional batch-type cultivation are disposable, and enzymes are used to detached cells from cell culture dishes. In order to
reduce the use of disposable dishes and enzymes for batch-type culture processes, we designed to proliferate human embryonic stem cells
(hESCs) on the thermoresponsive nanobrush dishes. The thermoresponsive nanobrush surfaces were prepared with coating of
thermoresponsive polymers having the low critical solution temperature (LCST) on the cell culture dishes where hESCs can be detached from
the thermoresponsive surface by decreasing the temperature of culture medium below LCST. The thermoresponsive nanobrush dishes were
prepared by coating of poly(N-isopropylacrylamide-co-butylacrylate) (polyNIPAM-BA) and Pluronic on the cell culture dishes. In this study,
hESCs are successfully cultured on the thermoresponsive surface and partially detached from the surfaces by incubating at low temperature
(7-8°
C) for 30 minutes. The optimal surface composition for hESCs detached by decreasing temperature of the culture medium was
investigated. The surface water contact angle measurementand X-ray photoelectron spectroscopy were used to analyze the hydrophilicity and
chemical element composition of dishes surface, respectively.This partial detached process system allows cells maintain their pluripotency on
the surface and prevents hESCs from enzymatic digestion damages. The continuous harvest of stem cells should simplify the culture process
and reduce the equipment requirements for stem cell culture. In the future, we also expect to scale up cell numbers via applying the
continuous harvest system on 3D cultivation. These improvements should provide a great benefit to clinical application in regenerative
medicine.
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Thermoresponsive Polymer Brushes with Cell Adhesive Peptides for Cell Separation
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In regenerative medicine, cell separation methods for isolating specific cells from cell mixture suspension is required. Conventional cell
separation methods requires fluorescent or magnetic antibody for labeling cells. These methods can separate small amounts of cells at once,
and labeling substances on cell surfaces can be toxic when cells are transplanted to living body. For overcoming the issue, we developed new
cell separation tool for separating targeted cells using thermoresponsive surface modified cell adhesion peptide.
The thermoresponsive polymer poly(N-isopropylacrylamide) (PNIPAAm) was grafted on the glass substrate surface by reversible additionfragmentation chain transfer (RAFT) polymerization. Subsequently, the cell adhesive peptides Arg-Gly-Asp (RGD) was attached on the terminal
group of PNIPAAm. Human umbilical vein endothelial cells (HUVECs) were seeded on the prepared RGD-PNIPAAm grafted surface. Cell
adhesion and detachment behavior on the surface was observed at 37 °C and 20 °C, respectively.
Cell adhesion on prepared RGD-PNIPAAm surface was observed after incubation at 37 °C. On the RGD-PNIPAAm surface, cells adhered even
without fetal bovine serum, and the adhesion was enhanced than that on RGD unmodified surface. By reducing temperature to 20 °C, adhered
cells on surface was successfully detached attributed to hydration of modified PNIPAAm on substrates.
By modifying the cell adhesion peptide to PNIPAAm on the surface, effective temperature modulated control of cell adhesion and detachment
was performed. The intrinsic property of the surface would be useful for selective adhesion of targeted cells, and thermally-modulated cell
separation.
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Coaxial electrospun microfibers containing valproic acid for neural tissue engineering applications  
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Valproic acid (VPA), a known histone deacetylase inhibitor used to treat epilepsy and bipolar disorders, is a promising therapeutic intervention
in animal models of spinal cord and peripheral nerve injuries. It has been demonstrated that VPA promotes neurite outgrowth and neuronal
survival. Association between VPA and biomaterial scaffolds can be used for local and controlled release of this drug and improve its effects in
neural regeneration. In this study, VPA was encapsulated in core-shell microfibers by coaxial electrospinning and its biological potential was
analyzed. The core of the fibers consisted of 25 mg/mL valproic acid sodium salt, 10% polyethylene glycol and 2% bovine serum albumin; the
shell solution was 18% poly(lactic-co-glycolic acid) in 1,1,1,3,3,3-hexafluoro-2-propanol. The core solution was injected at a flow rate of 0.2 ml/
h, the shell solution at 2 ml/h and the applied voltage was 16 to 25 kV. The fiber morphology was analyzed by scanning electron microscopy
(SEM) and their diameter calculated using ImageJ software. Verification of the core–shell structure was performed by laser confocal scanning
microscopy (CLSM). The biological potential of the biomaterial was evaluated using the rat pheochromocytoma PC-12 cell line by MTT assay;
cell morphology was analyzed using SEM and CLSM. The fibers presented a uniform morphology without any beads and a hydrophobic surface,
with a contact angle of 129.7 ° ± 3.0. The average diameter of the fibers was of 2.00 µm ± 0.61. By using fluorescein in the core, it was
possible to confirm the presence of the encapsulated fluorescence inside the fibers by CLSM. In vitro, the coaxial fiber scaffold robustly
supported attachment of the PC12 cells, as shown by the SEM images. The MTT assay demonstrated that the cells proliferated and maintained
viability; for the cells on the scaffolds with VPA, the absorbance was 0.058 ± 0.009 on day 3, similar to the cells seeded on the scaffolds
without VPA (control) the absorbance of which was 0.066 ± 0.021 on day 3. Future evaluations using WST-8 cell proliferation assay on
cultivation days 3 and 7 will be performed. These results indicate that VPA-PLGA coaxial microfibers have great potential for neural tissue
engineering applications.
Acknowledgements: MCTI, CAPES, CNPq, FAPERGS and Stem Cell Research Institute.
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Fabrication of long myotube bundles in three-dimensional gel scaffolds with oriented cellulose nanofibers
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Regenerative skeletal muscles for transplantation to damaged tissues and pharmaceutical testing have attracted much attention. Myoblasts
fuse and differentiate to oriented myotubes, which are bundled together into the ordered structure of skeletal muscles. Therefore, one of the
most effective way for fabricating regenerative skeletal muscles in vitro is to precisely control arrangement and position of myoblasts and
mature them in a long three-dimensional scaffold. In this study, we developed bilayer fiber scaffolds, in which a sheath of alginate gel
completely covers a core layer of cellulose nanofiber (CNF) gel, by using microfluidic devices, embedded mouse myoblasts (C2C12) in the core
CNF gel, and matured them to form long myotube bundles. Conventionally, atelocollagen has been used as substrate for embedding cells, but
caused cell aggregation due to its low cell-retention capability. On the other hand, our CNF gel shows thixotropic nature due to the extremely
high aspect ratio of CNF (diameter of several nm, length of several μm), resulting in fluidization by the applied pressure for flowing in the
microdevice and gelation immediately after ejection from the device. That is, good cell-retention capability in culture is obtained. Moreover,
alginic acid used in the sheath layer rapidly gelates in the presence of divalent cation and forms the stable three-dimensional scaffolds with the
capacity for prolonged culture.
We successfully fabricated gel fiber scaffolds with tens of centimeters in length and precisely regulated diameters of the whole fiber and core
layer by the flow rates. The embedded C2C12 cells extended in the longitudinal direction of the gel fibers and formed oriented structures more
than 2 cm long within 1 day culture. The fluorescent staining of the nuclei and myosin heavy chains in the structures obtained after prolonged
culture clearly indicated the fusion and multinucleation of the cells and formation of myotube bundles. We presumed that the orientation of
CNFs in the longitudinal direction of the gel fibers induced the myotube formation, based on the result that the high-aspect-ratio CNFs were
oriented by flow stress.
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Scaffold of wool hair keratin for cell culture
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Introduction: Keratin is contained rich in animal epidermal tissues including hair, nail, horn, and also common proteins such as wool fibers.
Keratins have not been so much utilized as Type I collagen as biomaterials although much amount is available as a bio-resource. In this study,
we show a novel simple method to prepare a sponge-like porous keratin hydrogel.
Experimental: Wool keratin was extracted for 18 h at 60 oC in a solution containing 8 M guanidine hydrochloride and 2-mercaptoethanol,
followed by dialysis against water. Specific water content (%) was calculated as an index for swelling of the gel according to the following
equation.
Specific water content = (Ww-Wd)/Wd ×100 (%)
Wd: dry weight of the gel after lyophilization; Ww: wet weight of the gel after swelling in either PBS(-) or DMEM. We tried cell culture on the gel
and evaluated the cell growth by WST assay. All animal experiments were conducted in accordance with institutional guidelines and national
standards with approval from the Animal Experiment Committee of Osaka Prefecture University.
Results & Discussion: Extracted keratin was aggregated and recrosslinked to form a porous hydrogel like a sponge. Sodium dodecylsulfatepolyacrylamide gel electrophoresis (SDS-PAGE) proved that Type I and Type II keratin subunits were extracted by that procedure without
degradation by hydrolysis. The porous keratin gel had a highly porous structure and a fast-swelling property in rehydration after freeze-drying.
The gel could be autoclaved without significant change of mechanical strength and shapes. It had also high mechanical strength both in the
tensile test and the measurement of dynamic viscoelasticity. The gel is flexible but mechanically durable especially for tensile strain. Those
property was different from that of the chemically crosslinked type I collagen gel. Three types of animal cells, PC12 cells, HOS cells and murine
embryonic fibroblasts, well attached and grew on the surface of the porous hydrogel. We also prepared the keratin film by mechanically
compression of the porous keratin hydrogel. The film was transparent and favorable for microscopic observation of the cultured cells. The
keratin hydrogel and keratin film has properties suitable for scaffold in tissue engineering such as bone formation.
Reference: Ozaki, Y; Takagi, Y; Mori, H; Hara, M. Mater. Sci. Eng. C 2014, 42, 146–154.
(Corrigendum: Mater. Sci. Eng. C 2016, 63, 690.)
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Functionalization of Cell Culture Surfaces using Human Hair Keratins and Keratin Associated Proteins
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Human hair proteins have shown great potential in biomedical applications due to their biocompatibility, abundance and potential for
autologous strategies. Herein, we explored the development of hair protein-based 2D templates as cell culture substrates. Hair proteins were
immobilized on plasma-treated polystyrene substrates via free-radical assisted covalent crosslinking. This coating offered long term stability up
to 21 days in cell culture media and high protein retention (76.79 ± 2.69 %) even after harsh solvent washing. This stable interaction was likely
a result of the antioxidant behaviour of reduced cysteine residues on hair proteins, which readily react with free-radicals on the plasmaactivated surface. Separately, two main components of hair proteins, keratin intermediate filaments proteins (KIFP) and keratin-associated
proteins (KAP), were separately extracted from hair. A peelable and clear KIFP thin film was obtained by solvent casting at room temperature
without additional crosslinkers or plasticizers. This film was mechanically stable and had tensile strength that was 27 times higher than films
made with total human hair proteins with plasticizer. We hypothesize that KAP can be additionally used as an exogenous crosslinker to
produce mechanically tuneable KIFP thin films. Further understanding of the mechanisms of interactions between KIFP and KAP could allow
the development of novel and versatile hair protein-based 2D templates for biomedical applications.
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Design of sulfonated polyrotaxane surfaces to activate vascular endothelial cells
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Polyrotaxanes (PRXs) are supramolecular assemblies with cyclic molecules such as α-cycrodextrins (α-CD) noncovalently threaded on the
linear polymer backbone such as polyethylene glycol (PEG). Previously, we have clarified to modulate a variety of functions of adhering cells
including their morphology, signal pathway and differentiation by tuning the activation of Rho family (mechano-signaling) through the molecular
mobility of PRX-coated surfaces. Alternatively, we reported that sulfonated-PRX substrates could be used for tethering bone morphogenetic
proteins-2 (BMP-2) as heparin-binding growth factors (HB-GFs) via electrostatic interaction and strongly induced osteogenic differentiation of
preosteoblasts by enhancing both mechano-signaling through the molecular mobility of PRXs and cytokine-signaling through the BMP-2. For
applying this design concept to vascular tissue engineering, we prepared sulfonated-PRX surfaces with vascular endothelial growth factors
(VEGFs). VEGFs are known as HB-GFs family and stimulate the formation of networks and the maturation of vascular endothelial cells by
activating Rho family which involves in angiogenesis and vasculogenesis. In the present study, our aim is in the synergistic activation of Rho
family by both mechano-signaling through PRXs and cytokine-signaling of VEGFs. Sulfonated-PRX triblock copolymers composed of sulfopropyl
ether-modified α-CDs threaded onto a PEG chain as a middle segment and poly(benzyl methacrylate) at both terminals of the PEG as
anchoring segments were prepared and coated onto polystyrene surfaces. And then, VEGF was tethered on the surfaces. In order to evaluate
the effect of tethering of VEGF and modulation of molecular mobility on cell proliferation and network formation, human umbilical vein
endothelial cells (HUVECs) were cultured on the sulfonated-PRX surfaces with VEGF for 6 days. The cell proliferation of HUVECs on the
sulfonated PRX-surfaces with tethered VEGF was higher than that on surfaces with soluble VEGF or without VEGF. In addition, the formation of
networks for HUVECs on the sulfonated PRX-surfaces with a large number of threaded α-CDs (less mobile surfaces) enhanced higher than that
on surfaces with a small number of threaded α-CDs (highly mobile surfaces). These results indicate that the sulfonated PRX surfaces with
tethered VEGF modulate the activation of HUVEC by both the molecular mobility of PRX and tethering of VEGF.
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Neural Stem Cell Behaviors on Iridium Oxide Thin Film and Enhanced Neurite Extension with Electrical Stimulation
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Neural stimulation/recoding electrodes have been widely employed to investigate neural activities, diagnose and treat many diseases. Many
strategies are promoted to develop ideal electrode-tissue interface with properties as follows: electrochemical properties including high charge
storage capability (CSC), low electrical impedance and high charge injection limit; long-term stability during continuous stimulation;
biocompatibility ensuring cells survive and network formation.
In this study, we deposited iridium (Ir) on the polished metal substrate by radio-frequency magnetron sputtering, and activated Ir to form
iridium oxide (IrOx) thin film by repetitive potential sweeps in diluted sulfuric acid (H 2SO4). After activation, the IrOx presented a porous
structure, with increasing CSC value from 2.2 mC/cm2 of Ir to 54.35 mC/cm2. The impedance of IrOx thin film decreased nearly two orders of
magnitude at 1 kHz compared to bare Ir. The IrOx thin film also showed good mechanical and electrochemical stability. IrOx improved the
adhesion, proliferation of NSCs compared to Ir without exhibiting any cytotoxicity. In addition, we applied electrical stimulation on
pheochromocytoma cells (PC12) seeded IrOx. The proliferation of PC12 was not influenced by the electrical stimulation. The direction of
neurite growth was aligned to the direction of electrical fields. Also, the electrical stimulation increased the neurite extension and network
formation.
This research was supported partly by Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by
the Ministry of Education, Republic of Korea (2015R1D1A1A09058875), and partly by National Natural Science Foundation of China
(51502265).
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Interaction of gelatin hydrogels with different mechanical properties and macrophages
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Macrophages play an important role in inflammatory reactions. The macrophages functions often modify the subsequent immunological events.
Considering the biocompatibility of biomaterials implanted, their in vivo fate greatly depends on the macrophages responses. The objective of
this study is to obtain fundamental knowledge on the interaction of biomaterials and macrophages. It is well recognized that the cell behavior
is influenced by several biomaterials properties, such as the surface and bulk physicochemical natures. In this study, varied concentrations of
gelatin solution were crosslinked by glutaraldehyde to prepare gelatin hydrogels with different stiffness. Compressive tests of hydrogels
prepared were performed to determine their elasticity. RAW264.7 cells of a macrophage cell line and mouse bone marrow – derived
macrophages were cultured on the gelatin hydrogels to evaluate the attachment and proliferation of cells. In addition, the production profiles
of cytokines and nitric oxide (NO) were examined in terms of macrophage polarization, such as pro-inflammatory (M1) and anti-inflammatory
(M2) natures. The elasticity of gelatin hydrogels varied by the concentrations of gelatin in hydrogel preparation. Macrophages attached on the
gelatin hydrogels, although the number was less than that of the cell culture polystyrene dish. The production of tumor necrosis factor α and
NO was suppressed for macrophages cultured on the gelatin hydrogels. We also report the effect of hydrogel properties on the human
monocyte derived macrophages.
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The construction of method to obtain single cell species is required in various fields. Several systems for cell sorting have existed already. One
is flow cytometry methods such as fluorescence and magnetic associated cell sorting which are the most used methods. Moreover, it is
suggested that single cell species can be separated by cell size fractionation using membrane system. However, these previous methods have
problems on the application to the regenerative medicine containing cell-based therapy. In this research, we aim to develop the novel cell
separation system which resolves various problem having previous methods and can be used easily and conveniently. Briefly, ternary
copolymer composed of carboxymethylbetaine (CMB), 3-Methacryloyloxypropyl trimethoxysilane (MPTMS) and Propargyl methacrylate (PGMA)
were prepared by free radical polymerization. The surface of glass plate and silica beads were chemically modified with Poly(CMB-co-PGMAco-MPTMS) through silane-coupling reaction. Then, Azidohomoalanine (AHA) conjugated oligopeptide (QQGWFP) having the ability of specific
interaction was anchored to the ternary copolymers on the substrate using click reaction. The characteristics of the surface modified with
ternary copolymers and oligopeptide-anchored ternary copolymers were investigated by water contact angle measurement, ellipsometry,
attenuated total reflection-infrared spectroscopy and microBCA measurement. These results indicated that oligopeptide were anchored on the
surface through the ternary copolymer. Moreover, the surface modified with oligopeptide-anchored ternary copolymer showed to suppress
non-specific adsorption of proteins. To evaluate the capture of specific cells through the surface-anchored oligopeptides, the adhesion of
NIH3T3 cells, HEK293 cells and hMSCs was investigated modified with oligopeptide-anchored ternary copolymer. NIH3T3 and HEK293 cells
hardly adhered to the surface with ternary copolymer anchored with/without oligopeptide. In contrast, hMSCs adhered and spread on the
surface with oligopeptide-anchored ternary copolymer, though these cells hardly adhered on the ternary copolymer-modified surface without
oligopeptide. These results indicated that oligopeptide anchored with ternary copolymer can selectively trap hMSCs having CD44 antigens. We
aim the development of novel cell separation system using this material design. In the presentation, various data concerning selective capture
of hMSCs will be shown.
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Gelatin hydrogel microspheres improve the activity of multi-layered cell sheet
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Cell sheet is one of the promising and powerful technologies for cell therapy. As a trial to enhance the biological functions, the multi-layering of
cell sheet has been investigated. However, cells in the multi-layered are weaken or often die mainly due to a poor supply of nutrients and
oxygen. The objective of this study is to improve the poor nutrients and oxygen supplies to cells by making use of gelatin hydrogel
microspheres (GHM). Gelatin is well known as one cytocompatible polymer. Since the GHM have water inside, it is expected that the nutrients
and oxygen can go through the water phase of GHM. We examined the cell viability and proteins expression of multi-layered cell sheets
incorporating GHM to compare with those of GHM-free ones.
GHM were prepared by a water-oil emulsion method, followed by sieving with size from 20 to 32 µm in diameter, and thermally crosslinking at
140 °C for 72 hr. Mixed fibroblasts and cardiac cells were seeded on a cell culture plate. After 3 days incubation, the cell sheet prepared was
piled up 5 times incorporating 500 µg/cm2 of medium-swollen GHM inbetween each sheet to prepare the 5 layered cell sheet with GHM. As a
control, the same procedure was performed except for the GHM incorporation to obtain 5 layered cell sheet without GHM. Following
incubation, the cell viability, ischemic condition, ATP or the extra cellular matrix productions, apoptosis inhibition, and transcript factors
expression were evaluated.
The amount of ATP produced was significantly higher for the 5 layered cell sheet with GHM than for that without GHM. High expression of
anti-apoptosis factors was observed for the 5 layered cell sheet with GHM. In addition, there was significant difference in the expression level of
hypoxia inducible factor, anti-apoptosis factors, and transcription facilitators between the 5 layered cell sheets with and without GHM.
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Cell transplantation therapy based on cell sheet engineering is a promising approach for the treatment of patients with difficult-to-treat
diseases and impaired physical function. Recently, we investigated the use of biodegradable polymeric nanosheets as cell scaffolds. The cell/
nanosheet constructs raise the possibility of transplanting cell monolayers into a narrow space, such as the subretinal space, in the body in a
minimally-invasive manner [1]. However, it had been difficult to control the timing of the detachment of the cell/nanosheet constructs from a
substrate in conventional methods. Then, we investigated the reductive desorption of a self-assembled monolayer (SAM) of thiol molecules to
detach the cell/nanosheet constructs [2].
A poly(lactic-co-glycolic acid) (PLGA) nanosheet was attached by hydrophobic interactions onto the surface of a SAM of L-cysteine coated
onto a gold electrode. Retinal pigment epithelial (RPE) cells were cultured on the nanosheet to form a monolayer. An AA-size dry battery was
used to apply a negative electrical potential, causing reductive desorption of the SAM from the gold surface. Within one minute of application
of the voltage, the cell/nanosheet of several mm in diameter was successfully detached without the loss of cell viability in a gentle stream of
the electrolyte solution. The use of a porous electrode shortened the detachment time due to the more efficient permeation of the electrolyte
solution to the electrode surface. Cell transplantation following the harvesting process was demonstrated by the local delivery of RPE cell/
nanosheet constructs into the subretinal space of rat eyes through a capillary needle. This nanosheet-based approach that allows the ondemand harvesting of cell/nanosheet constructs and their subsequent transplantation in a minimally-invasive manner could play an important
role in cell transplantation therapy.
[1] T. Fujie et al., Adv. Mater. 26, 1699-1705 (2014). [2] J. Suzuki et al., Biomater. Sci. 5, 216-222 (2017).
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Cell sheets have been widely used to tissue engineering and regenerative medicine as effective approach. In the case of cardiomyocyte sheets
transplantation in vivo, more than three layered cardiomyocyte sheets cannot be transplanted at once, attributed to the necrosis caused by
insufficient oxygen and nutrient. In this study, vascular endothelial growth factor (VEGF) releasing fiber mat was prepared and used for
enhancing vascularization in cardiomyocyte sheets in vivo.Polyvinyl alcohol (PVA) nanofibers were prepared through electrospinning. Then,
poly(lactic-co-glycolic acid) (PLGA) nanoparticles containing VEGF were loaded on PVA fiber mats through electrospray deposition. The
prepared VEGF releasing fiber mat was transplanted with six layered cardiomyocyte sheets to athymic nude rat. At two weeks after
transplantation, the thickness of transplanted cardiomyocyte sheets was evaluated by immunostaining.Cardiomyocyte tissue transplanted with
VEGF releasing fiber mat maintained their thickness compared those with VEGF-free fiber mat as control. Also, the transplanted layeredcardiomyocyte sheets included blood vessels with larger diameter. The result indicated that the prepared VEGF releasing fiber mat can
maintain thick cardiomyocyte tissue in vivo, because of enhanced vascularization and supplying oxygen and nutrients to cardiomyocyte tissues.
The VEGF releasing fiber mat would be useful for enhancing vascularization within transplanted layered cardiomyocyte sheets in vivo.
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INTRODUCTION: Tissue-engineered blood vessels (TEBV) commonly require culture in pulsatile flow bioreactors for unwanted extensive time,
in order to form concentric sheets of smooth muscle cells (SMC). Thus, alternatives are warranted to faster align and simultaneously
differentiate precursor cells. Cells respond to topographical cues, which can be reproduced in biomaterials. We investigated the biological
response of adipose tissue-derived stromal cells (ASC) to gradient directional topography features, varying the wavelength and amplitude from
nanometers to micrometer, in a high-throughput fashion. METHODS: Polydimethylsiloxane (PDMS) samples with nanometer and micrometer
directional topography gradients (wavelength (w): 464-10,990nm; amplitude (a): 49-3,425nm) were fabricated. ASC were cultured on
patterned PDMS and stimulated with 1ng/mL TGF-β1 to induce SMC differentiation. Alignment and adhesion were assessed by
immunofluorescence microscopy after 24h. After seven days, differentiation was assessed by immunofluorescence microscopy, gene
expression and immunoblotting analysis. RESULTS: Cell alignment occurred in (sub)micrometer topographies i.e. larger than w:1,758nm/
a:630nm. Cell binding was further substantiated by assessment of focal adhesions. The number and total area of focal adhesions per cell were
reduced in topographies from w:562nm/a:96nm to w:3,919nm/a:1,430nm. Focal adhesion alignment was increased in topographies larger
than w:731nm/a:146nm. Differentiation of ASC was reduced on topographies smaller than w:784nm/a:209nm. CONCLUSION: We showed that
ASC adhere, align and differentiate in a topography-directed and topography-restricted fashion. The findings pointed to an optimal topography
required to ensure the fabrication of aligned and differentiated SMC layers from ASC (w: ≥1,758nm/a: ≥630nm), with larger features facilitating
the differentiation process better than the smaller ones.
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Cell sheet technology is a well-known method based on culture dishes grafted with a thermoresponsive polymer, poly(N-isopropylacrylamide)
(PIPAAm). PIPAAm exhibits a lower critical solution temperature (LCST) in water at 32 °C, meaning that above 32 °C, PIPAAm chains are
dehydrated, leading to hydrophobicity of the grafted dish surfaces. Below 32°C, the polymer reversibly changes to hydrophilic properties. Cells
are able to adhere and proliferate on the surface and, by simply decreasing temperature, whole cell sheets can be obtained.
Besides PIPAAm, other polymers also show LCST behavior in water, e.g. polymers based on poly(2-oxazolines) (POx). POx are known as smart
polymers because of their tunable solution properties and biomedical applications, therefore playing an emerging role in the field of life
sciences. Depending on the side-chain of the polymer, the LCST in water can be tuned to a physiological range between 20 and 37°C, which
leads to potential applications in cell culture.
In this study, we examined whether a covalent coupling of polymer layers on surfaces is necessary for cell sheet preparation, or whether an
easy to apply procedure can be established that can be transferred to standard cell culture well-plates and prepared in each standard
biological laboratory. Different dishes were repeatedly covered with 0,1% poly(2-n-propyl-2-oxazoline) (PnPrOx) in water and dried to create a
fully covered thermoresponsive surface. Contact angle measurement was performed proving the thermoresponsive characteristic of the
coating. Furthermore, different cell types were seeded and cultured until confluency on PnPrOx-covered surfaces. By decreasing the
temperature to 16°C for 1-2 hours depending on the cell type, viable cell sheets detached and could be harvested and used for cell sheet
technology approaches. We tested different cell types for their potential to generate cell sheets via this method and analyzed the sheets via
histological stainings, proving the functionality of the cell sheet. Also, adhesion forces were measured on individual cells in order to quantify the
forces between the cell and the substrate via Fluidic Force Microscopy (FluidFM®).
With this method, we established an easy, user-friendly and low-cost variation of creating thermoresponsive surfaces applicable for cell sheet
technology and tissue engineering purposes by simply covering surfaces of different types of dishes with PnPrOx solved in water and drying
afterwards.
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To evaluate PLGA-based membranes as a substrate with co-culture of human conjunctival epithelial cells (hCjECs) and human tenon’s
fibroblasts (hTFs), hCjECs proliferation and differentiation with or without co-culture of human Tenon’s fibroblasts (hTFs) were compared with
transwell membrane in vitro, and to determine whether epithelial sheets grown on PLGA membranes can repair injured rabbit corneal
epithelium by transplantation for 2 weeks in vivo.
Primary hCjECs were cultured on PLGA or the original PET membrane-based transwell inserts with or without co-culture of hTFs. Cell
behaviors such as proliferation and differentiation were compared. For in vivo assessment, the corneas of rabbits were burned, and PLGAbased epithelial sheets were then transplanted for 2 weeks before histological staining was conducted and analyzed to determine the
effectiveness of the repair. Primary human epithelial cells on the PLGA membrane showed an increased proliferation when co-cultured with
fibroblasts, which was confirmed by CCK-8 analysis, and upregulation of Ki67, with the expression of the epithelial marker CK19. The stratified
squamous cell marker MUC1 and conjunctival cell marker MUC5AC were also expressed in the epithelial sheet. The epithelial defect in the
burned corneas was decreased in the PLGA-based epithelial sheet treatment group (6.1% ± 1.6% of the area) compared with that in the notreatment group (30.5% ± 6.3%) 2 weeks after transplantation. We developed a co-culture system using a human feeder cell layer and PLGA
membrane-based transwell inserts to create human conjunctival epithelial sheets. This system represents a promising strategy to regenerate
corneal epithelium by transplantation.
Acknowledgments:
This study was supported by a grant from the Korea Health Technology R&D Project through the Korea Health Industry Development Institute
(KHIDI) funded by the Ministry of Health & Welfare, Republic of Korea (HI17C0193).
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In this study, we investigated the feasibility of the enzymatic digestion of polysaccharide for the application of cell sheet harvesting. Cellulose is
a polysaccharide consisting of glucose units and is depolymerized yielding glucose after digestion by cellulase. In brief, cellulose was precoated under the confluent cell layer, and then enzymatic digestion of cellulose under confluent cell layer enabled cell detachment with
minimum cell damage yielding cell sheets. For the surface adhesion of the cellulose, carboxymethyl cellulose (CMC) molecules were
conjugated with DOPA, and pre-treated on to the surface of the culture vessels. Then, human mesenchymal stem cells (hMSCs) or limbal stem
cells (hLSCs) was cultured and harvested using cellulase containing cell culture medium. Single hMSC showed higher proliferative activity
showing aggregated morphology compared with trypsin-treated hMSCs. Also, a hLSCs sheet was generated with well-preserved morphology
after cellulase assisted cell sheet generation. These results demonstrate that CMC-DOPA coating combined with cellulase enzymatic harvesting
is an effective candidate method for harvesting cell sheets.
Acknowledgments:
This study was supported by a grant from the Korea Health Technology R&D Project through the Korea Health Industry Development Institute
(KHIDI) funded by the Ministry of Health & Welfare, Republic of Korea (HI17C0193).
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Cryopreservation is one of the important techniques to store cells for cell-based tissue engineering and regenerative medicine. Dimethyl
sulfoxide (DMSO) has been widely used as a cryoprotective agent. However, DMSO has a cytotoxicity and an influence on the differentiation
natures of more than 25 different human stem cell lines. It is, thus, important to develop new cryoprotectants.
As one trial, polyampholytes are reported to demonstrate the cryopreservative properties. It is indicated that polyampholytes stabilize the lipid
bilayer of cells. However, the detailed mechanism is not always completely made clear.
We designed dextran-based polyampholytes by introducing the carboxyl and amino groups into the hydroxyl groups of dextran and assessed
their cell viability and the thermal behavior.
Succinic anhydride was introduced to the hydroxyl groups of dextran to prepare anionic dextran. The molar percentage of succinic acid
introduced was determined as 20 mole% by an electroconductmetric titration.
Next, ethylenediamine (ED) was introduced to the hydroxyl groups of the anionic dextran by the conventional carbonyldiimidazole activation
method. The molar percentage of ED introduced was determined by the trinitrobenzenesulfonate (TNBS) method.
C3H10T1/2 mesenchymal stem cells were evaluated for the effect of dextran-based polyampholytes on the viability and attachment of cells
post-cryopreserved. Calcein AM and ethidium homodimer were added to the cryopreserved cells to evaluate the cell viability on fluorescence
microscopy. The number of cells attached was counted by a hemocytometer.
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Tissue Engineered Constructs Based on Neural Precursor Cells, Recombinant Spidroin and PRP for Spinal Cord
Injury Treatment (In vitro and in vivo study)  

Vladimir P. Baklaushev1,2，Vladimir G. Bogush3，Vladimir A Kalsin1，Michael A Konoplyannikov1，Oleg V Durov1，Jan-Eric Ahlfors4
1
Federal Clinical and Research Center, FMBA of Russia，2Institute for Advanced Studies, FMBA of Russia，3Scientific Center of Russian Federation “Research Institute for Genetics and Selection
of Industrial Microorganisms，4New World Laboratories Inc. Laval, Canada

We have designed a two-component matrix (SPRPix) including 1) a solid anisotropic scaffold prepared by electrospinning from a mixture of
recombinant spider silk proteins – spidroin 1 (rS1/9) and spidroin 2 (rS2/12) — and polycaprolactone (PCL) (rSS-PCL), 2) a “liquid matrix” based
on platelet-rich plasma (PRP) and a neural medium containing growth factors. In experiments in vitro, we have studied biocompatibility and
applicability of SPRPix for neural tissue engineering. It was shown that encapsulation of human directly reprogrammed neural precursor cells
(drNPC-01) in PRP dramatically activated neurogenesis and promoted formation of neural tissue organoids connected by long processes of
neurons. drNPC-01, obtained by direct reprogramming of bone marrow-derived mesenchymal cells, were mixed with freshly prepared liquid
PRP, with the addition of Ca2+ and neuronal differentiation factors, and were placed into the anisotropic complex spidroin scaffold, in which PRP
formed a clot. Neuronal differentiation was activated in drNPC-01 embedded in such a two-component matrix, which was confirmed by the
cascade expression of βIII-tubulin and MAP2. drNPC-01 adhered well to the spidroin scaffold, and the processes of differentiating neurons
interacted with its microfibrils and oriented parallel to them.
For preclinical study of the SPRPix we have designed a spinal cord injury (SCI) model on nonhuman primates (Macaca mulatta). Using this
model we have conducted an experiment with intraspinal implantation of suspended drNPC-01, drNPC-01 with fibrin-based regenerative matrix
and drNPC-01 incorporated in the SPRPix. Implantation of the prepared tissue engineered construct containing drNPC-01 into the brain and
spinal cord of Macaca mulatta monkeys has shown good biocompatibility with the neural tissue: no astro- and microglial reaction was present
around the implanted construct. At the same time, human drNPC-01 within the construct composition grafted effectively, survived during 3
months of observation and differentiated with the formation of MAP2 positive neurons. Monkeys with SCI after implantation of drNPC-01
demonstrated the recovery of paralyzed hindlimb as well as recovery of SSEP and MEP of injured pathways. As a result of the study we may
recommend the use of SPRPix scaffold with drNPC-01 as a promising approach for SCI regenerative therapy.
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Alginate Hydrogels to Encapsulate hiPSC-derived Neurons for Parkinson’s Disease

Rachael Elizabeth Evans1,2,3，James B Phillips1,2，Jonathan C Knowles1,3，Victoria H Roberton1,5，Ashleigh S Boyd1,4
1
UCL Centre for Nerve Engineering，2Department of Pharmacology, UCL School of Pharmacy，3Biomaterials & Tissue Engineering, UCL Eastman Dental Institute，4UCL Centre for
Nanotechnology & Regenerative Medicine, Royal Free Hospital，5Biochemical Engineering, UCL Faculty of Engineering Science

Background: Over the past decade, cell therapy for CNS injury and disease has looked extremely promising. However, both pre-clinical and
clinical evidence shows high rates of cell death after implantation and one cause of this is the host cellular response. The overall aim of this
programme of work is to develop an advanced therapeutic for PD which overcomes the challenges of cell survival, focusing on protecting the
cells from detrimental host glial cell and immune responses.
Methods: GMP-ready human induced pluripotent stem cells (hiPSCs; UK Cell and Gene Therapy Catapult) were expanded and maintained in
Essential 8 media, then differentiated into midbrain neural progenitors and characterised by immunocytochemistry (Kirkeby, Nelander, &
Parmar, 2013). SH-SY5Y cells (Sigma) were maintained in 1:1 Hams F12:EMEM. 2% alginate solution was made using 2g alginate sodium salt in
media specific to cell type. Hydrogels were created using 2% alginate solution with 50,000 cells/100µl loaded into 24 well Thincerts, with a
102mM calcium chloride solution in the well and incubated for 15 minutes. The hydrogels were then removed and placed in respective cell
culture media. Viability was assessed using fluorescence microscopy to detect SYTO‑21 and Propidium Iodide. Host cell responses to
encapsulated and unencapsulated donor cells were modelled in vitro.
Results: hiPSCs were successfully expanded and differentiated to a neural phenotype. A new protocol for encapsulating cells in an alginate
hydrogel was developed and optimised using SH-SY5Y cells. Alginate gels were then used to encapsulate hiPSC-derived neurons and the ability
of encapsulation to protect cells post transplantation was tested in vitro.
Conclusion: A new alginate encapsulation technique using 24-well Thincerts was developed. Encapsulation of hiPSC-derived neurons using
alginate has the potential to protect therapeutic cells from detrimental host cell responses. Future work will further investigate the ability of
biomaterial encapsulation to improve the long-term survival of these cells.
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Transplantation of RADA16-BDNF peptide scaffold with human umbilical cord mesenchymal stem cells forced
with CXCR4 and activated astrocytes for repair of traumatic brain injury

Wei Shi，Chuan Jun Huang，Long Xiang Zhao，Jian Chen，De Kang Nie，Xi De Xu
Neurosurgery Department, Affiliated Hospital of Nantong University,

We previously constructed a scaffold in which recombinant human brain-derived neurotrophic factor (BDNF) was linked to chitosan scaffolds
with the crosslinking agent genipin (CGB scaffold). The scaffold containing human umbilical cord mesenchymal stem cells (hUC-MSCs) was
transplanted into the lesion cavity of a rat brain, providing exogenous hUC-MSCs to both lesion boundary and cavity. The main challenge of
brain regeneration is whether the transplanted cells can survive and carry out neuronal functions in the lesion area. The brain is a complex
neuronal network consisting of various types of cells that significantly influence on each other, and the survival of the implanted stem cells in
brain is critically influenced by the surrounding cells. Although stem cell-based therapy is developing rapidly, most previous studies just focus
on apply single type of stem cells as cell source. Here, we found that co-culturing human umbilical cord mesenchymal stem cells (hUC-MSCs)
directly with the activated astrocytes benefited to the proliferation and neuron differentiation of hUC-MSCs in vitro. In this study, hUC-MSCs and
the activated astrocytes were seeded in RADA16-BDNF peptide scaffold (R-B-SPH scaffold), a specifical self-assembling peptide hydrogel, in
which the environment promoted the differentiation of typical neuron-like cells with neurites extending in three-dimensional directions.
Moreover, the results showed co-culture of hUC-MSCs and activated astrocytes promoted more BDNF secretion which may benefit to both
neural differentiation of ectogenic hUC-MSCs and endogenic neurogenesis. In order to promote migration of the transplanted hUC-MSCs to the
host brain, the hUC-MSCs were forced with CXC chemokine receptor 4 (CXCR4). We found that the moderate-sized lesion cavity, but not the
large cavity caused by TBI was repaired via the transplantation of hUC-MSCsCXCR4 and activated astrocytes embedded in R-B-SPH scaffolds.
The functional neural repair for TBI demonstrated in this study is mainly due to the transplantation system of double cells, hUC-MSCs and
activated astrocytes. We believe that this novel cell transplantation system offers a promising treatment option for cell replacement therapy for
TBI.
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Improving Functioning of Insulin-secreting Cells by Multicellular Spheroid Formation

Kosuke Kusamori，Makiya Nishikawa
Faculty of Pharmaceutical Sciences, Tokyo University of Science, Chiba, Japan

Rapid progress in cell culture technology has enabled us to prepare various cells from stem cells including embryonic stem cells or induced
pluripotent stem cells. These achievements have opened the possibility of mass preparation of tissue-specific cells for cells-based therapy.
However, low survival rate and insufficient functioning of transplanted cells are the cause of the limited therapeutic effect of cell transplantation.
Accordingly, it is eagerly required to develop an optimized method for cell transplantation. In this study, we attempted to construct
multicellular spheroids of insulin-secreting cells to improve the function of the cells. We prepared multicellular spheroids of NIT-1 mouse
insulinoma cells by using poly(N-isopropylacrylamide)-coated, polydimethylsiloxane-based microwells. The morphology of NIT-1 spheroids
obtained was spherical with a diameter of 200-300 µm. The survival of NIT-1 spheroids transplanted into mice was longer than that of
monolayered NIT-1 cells. In addition, transplanted NIT-1 spheroids reduced blood glucose levels of diabetic mice to normal levels faster than
monolayered NIT-1 cells did. Then, we attempted to increase the insulin secretion from spheroids by incorporating other cell types into the
spheroids. MIN6 mouse pancreatic beta cells were selected as insulin-secreting cells, and multicellular spheroids of MIN6 cells were prepared
with or without MAEC mouse aortic vascular endothelial cells or NIH3T3 mouse embryo fibroblast cells. Again, these spheroids had uniformlysized spherical structures with a diameter of about 300 µm. MIN6/MAEC or MIN6/NIH3T3 spheroids showed significantly increased insulin
secretion compared to MIN6 spheroids or monolayered MIN6 cells. These results indicate that the formation of multicellular spheroids
containing insulin-secreting cells are useful for improving the functioning of cells and will realize an effective cell-based therapy for diabetes.
References
1. Kusamori K, et al. Increased insulin secretion from insulin-secreting cells by construction of mixed multicellular spheroids. Pharmaceutical
Research 33, 247, 2016.
2. Kusamori K, et al. Transplantation of insulin-secreting multicellular spheroids for the treatment of type 1 diabetes in mice. Journal of
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3. Shimizu K, et al. Poly(N-isopropylacrylamide)-coated microwell arrays for construction and recovery of multicellular spheroids. Journal of
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Magnetic Cell Therapy With Bioresorbable Nanoparticles: an Attractive Advanced Approach In Regenerative
Medicine

Silvia Panseri，Monica Montesi，Alessio Adamiano，Monica Sandri，Anna Tampieri
Institute of Science and Technology for Ceramics - National Research Council of Italy

Cell therapy is one of the most exciting and promising areas for disease treatment and regenerative medicine1. However the success rate of
cell-based therapies, despite their great potential, is limited mainly due the ineffective delivery and retention of therapeutic cells in the specific
organ. Magnetic targeting has emerged as a method to overcome these limitations. So far these attempts have used superparamagnetic iron
oxide nanoparticles (SPIONs), only clinically approved metal oxide nanoparticles. Nevertheless the exposure to SPIONs has always been
associated with significant toxic effects such as inflammation, apoptosis and generation of ROS2-4.
Our group, by doping hydroxyapatite (HA), the mineral component of bone, with Fe2+/Fe3+ ions, had obtained novel biocompatible and fully
bioresorbable superparamagnetic nanoparticles (FeHA)5,6.
This work demonstrates the promising opportunities of FeHA in Mesenchymal Stem Cells (MSCs) labeling. MSCs easily internalized FeHA, after
3h ≈20 pg/cell of iron content ( ≈10 times lower respect SPIONs) were detected by inductively coupled plasma emission spectrometry (ICPES). MSCs became magnetic enough to be guided and retained to specific site by a permanent magnet that usually generates a magnetic field
gradient of ≈ 10–50 T/m over a distance of approximately 1 cm. At the same time, MSCs maintained their morphology and cell viability was not
negatively affected. Moreover due the well-known osteoinductive feature of HA, magnetic MSCs overexpress genes involved in osteogenic
differentiation as demonstrated by RT-PCR. We are also investigating the possibility to combine these above-mentioned results with the
contrast ability of FeHA for a real time imaging of the magnetic MSCs in vivo by magnetic resonance imaging.
In conclusion, due to the intrinsic magnetic properties of FeHA, its fast degradation and very low iron content compared to SPIONs, this
approach could be simply transferred to different cell types obtaining an attractive advanced approach for several regenerative medicine
applications.
References
1 Fischbach et al. Sci Transl Med 5(179), 179ps177, 2013. 2 Brunner et al. Environ. Sci. Technol. 40, 4374, 2006. 3 Karlsson et al. Chem. Res.
Toxicol. 21, 1726, 2008. 4 Singh et al. Nano Rev. 1, 5358, 2010. 5 Tampieri et al. Acta Biomater. 8, 843, 2012. 6 Iannotti et al. Inorg Chem 56,
4446−4458, 2017.
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Regulation of Proliferation and Functioning of Transplanted Cells by Using Suicide Gene

Mari Tsujimura，Kosuke Kusamori，Makiya Nishikawa
Faculty of Pharmaceutical Sciences, Tokyo University of Science, Chiba, Japan

Cell transplantation is an attractive therapeutic method for treatment of diseases. This is because single cell transplantation can exhibit high
and sustained therapeutic effects compared to conventional drug-based therapy. Furthermore, some pluripotent stem cells such as induced
pluripotent stem cells and embryonic stem cells have recently been established, which opens up a possibility of mass production of various
tissue-specific cells for clinical application. However, there remain crucial problems of uncontrolled proliferation and functioning of cells after
transplantation in cell-based therapy. Any methods to regulate them have hardly been reported. Suicide genes induce apoptosis in cells when
specific drugs or compounds are added. The herpes simplex virus thymidine kinase (HSVtk) gene is the most famous and frequently used
suicide gene, and HSVtk-expressing cells have been reported to cause apoptosis by ganciclovir (GCV). The safety and effectiveness of the
combination of HSVtk gene and GCV were tested and proven in several clinical trials. However, this combination has never been applied to
control the proliferation and functioning of transplanted cells in cell-based therapy. In this study, we used HSVtk gene and GCV to regulate cell
proliferation and functioning after transplantation of therapeutic cells into mice. We selected MIN6 mouse pancreatic beta cells as model cells,
and transfected MIN6 cells with the HSVtk gene to obtain HSVtk gene expressing-MIN6 (MIN6/HSVtk) cells. Proliferation of MIN6/HSVtk cells
was suppressed by GCV in a concentration-dependent manner; 0.25 µg/mL GCV maintained a constant number of MIN6/HSVtk cells for at
least 16 days. Then, we tried to regulate the proliferation and functioning of transplanted cells in mice by GCV administration. MIN6 or MIN6/
HSVtk cells were transplanted to streptozotocin-induced diabetic mice. Mice transplanted with MIN6 cells exhibited hypoglycemia irrespective
of GCV administration, while normal blood glucose levels (around 150 mg/dL) were maintained in mice transplanted with MIN6/HSVtk cells by
a daily administration of 50 mg/kg GCV. These results indicate that the proliferation and functioning of transplanted HSVtk gene-expressing
cells can be controlled by GCV administration, and that this method will greatly improve the usefulness and safety of cell-based therapy.
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Injectable and Thermosensitive Hydrogels with High Oxygen Permeability for Stem Cell Therapy

Jianjun Guan，Hong Niu，Zhaobo Fan
Department of Materials Science and Engineering, The Ohio State University, Columbus, Ohio, USA

Stem cell therapy is promising for ischemic tissue regeneration. Using hydrogels with high oxygen permeability as cell carriers may improve cell
survival under ischemic conditions. We have developed a family of injectable and thermosensitive hydrogels with high oxygen permeability. The
hydrogels were synthesized by reversible addition-fragmentation chain transfer (RAFT) polymerization of N-isopropylacrylamide (NIPAAm),
acrylate polylactide (APLA), and 2-Hydroxyethyl methacrylate (HEMA), and acrylate poly(ethylene glycol) conjugated with perfluorooctane
(APEGPFC). 1H-NMR spectra demonstrated that the hydrogel compositions were consistent with feed ratios. The hydrogels exhibited sol-gel
temperatures around room temperature. The 4oC hydrogel solutions can be easily injected through a 26G needle. At 37oC, the solutions
solidified within 10 s to form highly flexible gels. When incubated in PBS for 4 weeks, the hydrogels exhibited <25% weight loss. To
characterize hydrogel oxygen permeability, electron paramagnetic resonance (EPR) was used to measure oxygen partial pressure in the
hydrogel. The results demonstrated that the hydrogels had oxygen permeability similar to that of the PBS. Mesenchymal stem cells were
encapsulated into the hydrogels and cultured for 2 weeks. dsDNA results showed that the cells were able to grow in the hydrogels. In
addition, cell paracrine effects were upregulated in terms of expression of IGF1 and PDGF. Overall, these hydrogels show attractive properties
for use as stem cell carriers.
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A new cell glue for 3D cell structures: Induced cell adhesion using surface modification with cell-penetrating
peptide-PEG-lipid
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The ultimate goal of regenerative therapy is the transplantation of functional stem cells-derived tissues and organs to replace those lost as the
result of pathology or tissue damage. Since tissues and organs are complicated 3D structures, 3D scaffolds such as decellularized organs and
tissues, are required to properly orient living functional cells of different types. 3D scaffolds offer an environment for cell adhesion that differs
from that of conventional 2D culture. Therefore, the induction and control of cell attachment, not only to 2D substrate surfaces but also to 3D
scaffolds, is of great importance. Here, we propose new type of cell glue made of cell-penetrating peptides (CPP) and PEG-conjugated lipid,
which are used for cell-surface modification. PEG-lipid derivatives are incorporated into the lipid bilayer membranes of cells via hydrophobic
interactions, and the CPP anchored onto the cell membrane could work as an adhesive domain. In our study, various floating cells, (i.e., T cells,
B cells) were used to examine the adhesive efficacy by CPP-PEG-lipid onto material surface as well as PS microfiber-based 3D scaffolds.
Firm cell adhesion with spreading could be induced by cell surface modification with the CPP-PEG-lipids. Cell adhesion was induced by CPPs,
but not by any other cationic short peptides we tested. Here, we demonstrated adherence using the floating cell line CCRF-CEM as well as
primary human T cells, B cells, erythrocytes, and hepatocytes. The critical factor for attachment was localization of CPPs at the cell membrane
by PEG-lipids with PEG>20 kDa. These cationic CPPs on PEG chains were able to interact with substrate surfaces such as polystyrene surfaces
(PS), glass surfaces, and PS microfibers that are negatively charged, inducing firm cell adhesion and cell spreading. Also, as opposed to normal
cationic peptides that interact strongly with cell membranes, CPPs were less interactive with the cell surfaces because of their cell-penetrating
property, making them more available for adhering cells to the substrate surface. With this technique, cells could be easily immobilized onto PS
microfibers, an important step in fabricating 3D cell-based structures. Cells immobilized onto 3D PS microfibers were alive, and human
hepatocytes showed normal function on the microfibers.
Our novel materials could be useful for fabricating 3D cell-based structure s as a cell glue
Teramura, Y., et al. (2017) ACS Appl. Mater. Interfaces, 9: 244-254.
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Intra-articular Injection of Alginate-based Microencapsulated Adipose-derived Mesenchymal Stem Cells for the
Treatment of Osteoarthritis in Rabbits

Byung-Jae Kang1，Seongjae Choi1，Jeongho Ha1，Bo-Ing Jeong2，Yun Chan Jung2，Geun-Shik Lee1，Heung-Myong Woo1
1
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of Korea

We investigated effects of intra-articular injections of alginate-based microencapsulated adipose-derived mesenchymal stem cells (ASCs) during
osteoarthritis (OA) development in the rabbit anterior cruciate ligament transection (ACLT) model. We induced OA in mature New Zealand
white rabbits by bilateral ACLT. The stifle joints were divided into four groups, according to intra-articular injection material. Alginate
microbeads and microencapsulated ASCs were produced using vibrational nozzle technology. Two weeks after ACLT, rabbits received three
consecutive weekly intra-articular injections of 0.9% NaCl, alginate-microbeads, ASCs, or microencapsulated ASCs, in each joint. Nine weeks
after ACLT, we sacrificed the rabbits, and harvested the bilateral femoral condyles for macroscopic, histologic, and immunohistochemical
analyses. Macroscopic analysis used modified OA Research Society International (OARSI) score and total cartilage damage score, and showed
that cartilage degradation of femoral condyle was relatively low in the microencapsulated ASC group. Histologic analysis for lateral femoral
condyles showed that microencapsulated ASCs had significant chondroprotective effects. Immunohistochemically, the expression of MMP-13
following articular cartilage damage was relatively low in the microencapsulated ASCs-treated stifle joints. During the development of
experimental OA, compared to ASCs alone, intra-articular injection of microencapsulated ASCs significantly decreased progression and extent
of OA.
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Hyaluronic Acid-based Hydrogel (HA) Containing Mesenchymal Stem Cells (MSCs) for Treating Hypofunction of
Salivary Gland (SG) after Radiation Therapy (RT)
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All patients of head and neck cancer suffer from the hypofunction of SG after radiation therapy due to high radiation-susceptible acini which
secrete saliva, mucin, and amylase. However, current medicine for the hypofunction (xerostomia) cannot treat the damaged acini. Here, we
introduced MSCs to radiation-damaged SG (RDSG) for preventing the progress of the hypofunction. When isolated SG cells from RDSG were
co-cultivated with MSCs, the SG cells showed similar expression of mucin and amylase compared to normal SG cells. 10µl HA (2wt%) was
employed to enhance the staying duration of MSCs (6.7 x 105 cells) in SG of radiation-treated mice. Regeneration and functional recovery of
RDSG were evaluated by histology and SPECT, respectively. After 6 and 12 weeks, MSCs+HA showed 2-fold increase of proliferation compared
to MSCs only. Also, MSCs+HA accelerated recovery of intrinsic functions of SG. Thus, the MSCs+HA could be a superior candidate for
prevention of damage and regeneration of RDSG.
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Design of injectable hydrogel system for cell-based therapy
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Fulfillment and advancement of regenerative medicine with cell-based therapy are important for the cure of intractable diseases such as central
nervous disorder, cardiac affection and kidney disorder. On the cell-based therapy, it dawns on someone that hydrogel material serve an
important role to support the engraftment and to regulate the transplanted cell behavior. We previously developed a functional hydrogel that
significantly enhances the survival of cells transplanted into the midbrain striatum [1,2]. Moreover, novel hydrogel system possessing abilities of
the protection of grafted cells and the induction of selective differentiation into dopamine neurons was developed for cell transplantation
therapy of Parkinson's disease [3].
However, the hydrogel system developed previously has several problems. We used atelocollagen as a base hydrogel. It is often considered
that the degradative products of atelocollagen hydrogel might lead to an inflammatory response. Moreover, although our designed hydrogel
system can strictly regulate the behavior of transplanted cell, host tissue around the transplanted area cannot be controlled by the present
system. If the hydrogel system has the function to control the host tissue, it is strongly expected the function of transplanted cells might be
enhanced and tissue regeneration might be facilitated additionally.
Therefore, we aim to develop the novel hydrogel based on hyaluronic acid (HAc) which has the ability of the regulation of transplanted cells
and host tissue. In particular, we designed HAc-based hydrogel possessing alpha-helical oligopeptide for cross-linking with coiled-coil
interaction. First, HAc was modified with propargyl groups by the condensation between carboxyl group of HAc and amino group of
propargylamine. A propargylated-HAc and an oligopeptide having an azido group were reacted with a click reaction. This hydrogel showed the
sol-gel transition with shearing stress because alpha-helical oligopeptides can reversibly interact. Moreover, we developed microparticle to
selectively release several growth and trophic factors for regulating both the transplanted cells and the host tissue. In this presentation, we will
show the results to demonstrate the usability of hyaluronic acid-based hydrogel and microparticle system for dual release of growth and
trophic factors.
[1] Bioconjugate Chem., 23, 212–221(2012).
[2] Bioconjugate Chem., 24, 1798–1804 (2013).
[3] European Society for Biomaterials, OP-146 (2017).
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Bioinspired Dendrimeric Nanoassemblies for Deep Tumor Penetration and Multidrug Resistance Reversal
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Chemotherapy resistance remains a great challenge in anticancer treatment due to their intricate mechanisms including complicated
physiological barriers (e.g., undesirable blood circulation, inadequate drug influx and poor drug penetration) and multiple cellular factors (e.g.,
high drug efflux, reduced apoptosis, and elevated anti-apoptosis). We developed tumor-specific stimuli-activated dendrimeric nanoassemblies
with metabolic inhibition to overcome drug resistance. The supramolecular nanoparticles hierarchically knocked down the multiple
physiological barriers of multidrug resistance, including clinically proven PEGylated corona for optimal drug blood transportation, robust
dendritic nanostructures for passive targeting, MMP-dependent tumor microenvironment targeting, tumor-adaptive size/interface for deep
tumor penetration and cell internalization, and stimuli-disintegration for intracellular sufficient drug delivery. Meanwhile, tumor hexokinase (HK)
was powerfully inhibited to arouse multiple pathways against complicated cellular factors of drug resistance, because HKs catalyze the first
committed step of glycolysis metabolism. Furthermore, metabolism-blocking strategy evoked the multiple pathways to reverse the cellular
factors of MDR, including ATP depletion, apoptotic enhancement, and anti-apoptotic reduction. The predominant curative effects to MCF-7R
tumor supporting our design strongly surmounted both physiological barriers and cellular factors of multidrug resistance.
On the other hand, we developed the virion-like nanoparticles mimicking molecular component, nanostructure, secondary architecture and
bioactivity. We comprehensively adopt chemical, physical and biological approaches to disclose the processes and mechanisms on membranebroken punching for cell penetration, as well as cell-to-cell spread for tissue penetration. Most importantly, the virion-like nanoparticles
successfully conquer the obstacles on the treatment of impermeable drug-resistant SKOV3/R tumors with high tumor inhibition in vitro and in
vivo. We believe that our strategy is highly valuable for developing advanced dendrimeric nanoassemblies and conquering chemotherapy
resistance.
References：
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Polymer nanomedicines for simultaneous treatment and diagnostics of aggressive lymphomas: a step toward the
personalized treatment
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The past few decades have witnessed an exponential growth of nanotechnology-based therapeutic interventions, with many so called
"nanomedicines", such as water-soluble polymers, polymeric micelles, liposomes, polymersomes and nanoparticles, being explored to improve
disease treatment. As an emerging research direction, nanomedicine has been increasingly utilized to treat neoplastic and inflammatory
diseases. Among studied nanomedicines the significant position belongs to water-soluble synthetic copolymers based on N-2hydroxypropylmethacrylamide (HPMA). The HPMA copolymers are well known as highly potent carriers of drugs or their combinations or as
highly hydrophilic material suitable for coating of various nanocarriers (e.g. gene vectors, nanoparticles). They enable attachment of drugs by
biodegradable spacers, thus the active drug can be released from the polymer carrier in stimuli-sensitive manner in response to the local
change in physico-chemical characteristics of body environment, e.g. change in pH, higher concentration of reductive agent, or the presence of
specific enzymes. Not only tailored drug activation, but also effective drug targeting to the treated tissue is the crucial step for successful
treatment.
In this presentation, we will focus on the impact of polymer carrier structure and physico-chemical characterizations on the behavior of
polymer conjugates of anticancer drugs in vitro and in vivo, among others on their biodistribution, tumor accumulation, in vitro cytotoxicity and
in vivo treatment efficacy. Various polymer carriers and their drug conjugates intended for passive or CD19/CD202/CD38-based active
targeting delivery to aggressive lymphomas were studied, including simple linear HPMA copolymers, diblock copolymers or the more
sophisticated biodegradable grafted, micellar and star high-molecular-weight polymer conjugates. In vivo imaging of HPMA-based polymer
conjugates proved a substantial impact of the drug carrier structure, e.g. molecular weight, structure of the biodegradable spacer or molecular
architecture, on body distribution of both, the polymer carrier and the drug. Obtained results showed a high potential and capability of nanosized HPMA copolymer-drug conjugates for specific delivery of drugs and their combinations to aggressive lymphomas and thus for their
efficient treatment.

a91756

01-P265

Controlling the Porous Structure of Alginate Ferrogel for Anti-Cancer Drug Delivery
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Hydrogels have been widely utilized in many drug delivery and tissue engineering applications [1]. Hydrogels responding to external stimuli
have been also extensively investigated for controlled drug delivery. Magnetic stimulation can be utilized as a factor of external stimuli, and
hydrogel containing materials attracted to the magnetic field is called for ferrogel [2]. In this study, alginate-based ferrogel was fabricated via
ionic cross-linking in the presence of SPION (superparamagnetic iron oxide nanoparticle) [3]. Doxorubicin (DOX) was chosen and used for anticancer therapy, which can interact with SPION. The release behavior of DOX loaded in ferrogel was delayed due to the charge interaction
between SPION and DOX, and then the release rate of the drug was significantly controlled by the magnetic stimulation. However, the
deformation degree was limited due to the small pore size of alginate hydrogel. We thus incorporated gelatin microparticles into alginate
ferrogel at room temperature and increased the temperature to 37oC to remove the microparticles. Alginate ferrogel excluded the gelatin
particles showed substantially increased deformation rate under the magnetic stimulation, and the drug release was much more accelerated
compared to alginate ferrogel. Therapeutic efficacy of gelatin particle-loaded alginate ferrogel was also evaluated in a tumor-bearing mouse
model. Gelatin particle-loaded alginate ferrogel that releases drug in a controlled manner by the application of the magnetic field can be useful
in many biomedical applications.
References
1. K.Y. Lee and D.J. Mooney, Chem. Rev., 101, 1869 2001.
2. X.H. Zhao, et al., Proc. Natl. Acad. Sci. U.S.A., 108, 67 2011.
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Development of Mesenchymal Stem Cells Modified with Doxorubicin-loaded Liposomes for Cancer Therapy

Yukiya Takayama，Kosuke Kusamori，Makiya Nishikawa
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Mesenchymal stem cells (MSCs) possess tumor-homing capacity in response to chemokines released from solid tumor tissues, so MSCs can be
useful drug delivery carriers for cancer therapy. We previously reported that the cell surface modification using avidin-biotin complex (ABC)
method enabled us to stably modify MSCs with some drugs in a short reaction time without significant influence on any characteristics of
MSCs1. In this study, we attempted to modify C3H10T1/2 murine mesenchymal stem cells with doxorubicin-loaded liposomes (DOX-Lip) using
the ABC method. Pegylated Lip were prepared using 1,2-distearoyl-sn-glycero-3-phosphocholine, 1,2-distearoyl-sn-glycero-3phosphoethanolamine-N-[amino(polyethylene glycol)-2000] and cholesterol at the mass ratio of 59.5 : 7.5 : 33 by the conventional Bangham
method. DOX was encapsulated into the Lip by remote loading, and DOX-Lip were biotinylated using sulfosuccinimidyl-6-[biotin-amido]
hexanoate. Then, the biotinylated DOX-Lip were added to streptavidin-modified C3H10T1/2 cells to obtain DOX-Lip modified C3H10T1/2 cells.
The fluorescence signal of DOX was detected on the surface of C3H10T1/2 cells, indicating successful modification of the cells with DOX-Lip.
The quantification of DOX in DOX-Lip modified C3H10T1/2 cells using a microplate reader revealed that about 20 μg of DOX was modified to
106 C3H10T1/2 cells. Then, the anti-tumor effect of DOX-Lip modified C3H10T1/2 cells was examined using a firefly luciferase gene-expressing
murine colon carcinoma colon26/luc cells. The viability of colon26/luc cells significantly decreased after co-culture with DOX-Lip modified
C3H10T1/2 cells for 48h. Finally, DOX-Lip modified C3H10T1/2 cells significantly suppressed the tumor growth in colon26/luc tumor-bearing
mice. Taken together, these results indicate that the cell surface modification of an anti-tumor drug-loaded Lip to MSCs will be useful for antitumor therapy.
References：
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Reports 7, 16953, 2017.
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Sequential growth factor release using enzyme-cleavable microcapsules for in vivo cartilage tissue engineering
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Osteoarthritis is a degenerative disease characterised by the deterioration of articular cartilage, which causes stiffness, pain and immobility in
millions of people around the world. There has been intense research focus on the restoration of the articular joint using cartilage tissue
engineered in vitro by chondrocytes or progenitor cells cultured for several weeks on supporting biomaterials. Nevertheless, these approaches
have limitations, such as the amount of cells that can be harvested, donor site morbidity, and the associated costs. Therefore, the aim of this
project is to develop an in situ approach for the regeneration of articular cartilage that does not depend on in vitro cell culture or tissue
engineering. The system we are developing consists of an implantable polymeric scaffold containing matrix metalloprotease (MMP) cleavable
microcapsules that sequentially release growth factors to trigger the recruitment and differentiation of endogenous synovial stem cells. The
microcapsules are designed for sequential release of two growth factors. First, platelet-derived growth factor will be released from the
capsules for the recruitment of endogenous synovial stem cells. Second, transforming growth factor β3 will be released via degradation of the
capsules, triggered by cell-secreted proteases, to stimulate chondrogenesis of the recruited stem cells. The microcapsules are assembled by
self-polymerisation of dopamine-containing peptides onto a sacrificial template of polystyrene-stabilized calcium carbonate, and characterised
using confocal fluorescence microscopy, flow cytometry and zeta potentiometry. Ongoing and future work includes investigation into ondemand release of the two growth factors in the presence of MMP-2/9 (assessed by enzyme-linked immunosorbent assays), and tuning this
process so that the sequential growth factor release corresponds with the timescale of in situ cartilage tissue regeneration. We have
embedded the microcapsules in polymeric scaffolds and are investigating how growth factor release can be used in the recruitment of synovial
stem cells and their differentiation into chondrocytes in vitro. Subsequent in vivo work is planned in an osteoarthritic mouse model. If
successful, this approach will exploit the endogenous regeneration capacity of synovial stem cells to avoid the drawbacks related to
autologous implantation.
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Development of N-acetylglucosamine-bearing polymers that interact with type III intermediate filament proteins
for targeting various chronic diseases
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Vimentin, desmin, glial fibrillary acidic protein (GFAP), and peripherin belong to type III intermediate filament family and are expressed in
mesenchymal cells, skeletal muscle cells, astrocytes, and peripheral neurons, respectively. These proteins play important roles in the
stabilization of cell integrity such as architecture and structure in each tissue. Recent studies indicated that these proteins are highly expressed
in lesion sites of various chronic diseases such as fibrosis, cancer, and autoimmune diseases, and most studies focused on pathologic analyses
and elucidation of a pathologic mechanism related to high expression of these proteins in chronic diseases. Type III intermediate filament
proteins may represent a new target molecule for multiple chronic diseases. Vimentin and desmin possess N-acetyl-D-glucosamine (GlcNAc)binding properties on cell surfaces. The rod II domain of these proteins is a GlcNAc-binding site, which also exists in GFAP and peripherin.
However, the GlcNAc-binding activities and behaviors of these proteins remain unclear. Here, to study whether these proteins can interact with
GlcNAc-bearing polymers on cell surface, we developed various well-defined GlcNAc-bearing polymers synthesized by radical polymerization
with a reversible addition-fragment chain transfer reagent, and examined the interaction of these well-defined polymers with these proteins.
The small GlcNAc-bearing polymers strongly interacted with HeLa cells through vimentin expressed on the cell surface and interacted with
vimentin-, desmin-, GFAP-, and peripherin-transfected vimentin-deficient HeLa cells. Surface plasmon resonance analysis revealed that these
proteins possess high affinity to GlcNAc-bearing polymers. These results demonstrated that type III intermediate filament proteins possess
GlcNAc-binding activities on cell surfaces and the small GlcNAc-bearing polymers are advantage for targeting these proteins. These findings
provide important insights into novel cellular functions and physiological significance of type III intermediate filaments and may facilitate the
development of new molecular targeting agents against type III intermediate filaments for various chronic diseases.
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Injectable Dual-Protein NanoComplex for Controlled Salivary Gland Radioprotection and Functional
Regeneration in Head and Neck Cancer: A Step Closer towards Clinical Translation and Personalization
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Saliva plays a major role in maintaining oral health. Hyposalivation, due to medications, Sjögren’s or radiotherapy for head and neck tumors,
leads to symptomatic dry mouth, difficulty in mastication, swallowing and speech, burning oral sores, acceleration of dental decay and
periodontal diseases, thus significantly deteriorating Quality of Life and ability/willingness of patients to survive the battle with cancer.
A nano-sized dual-protein release-controlled delivery system is formulated, characterized and evaluated as an alternative (to commerciallyavailable and dysfunctional radioprotectors; ex: Amifostine I.V.) therapeutic approach/strategy to protect salivary glands from ionizing radiation
to the head and neck zone and potentially restore/repair the radiation-induced damage.
Loaded core-shell nanocapsules with the protein(s) were directly administered into the submandibular salivary glands of the experimental
groups 24 hours pre-radiation and PBS or single/pure cytokines was injected into the glands, likewise, for the controls. External irradiation at
dose with 15 Gy was exposed to head and neck fields of C57BL/6 mice. Salivary flow rates and salivary protein excretion/content were
evaluated using an enzyme-linked immunosorbent assay (ELISA) over a 3 months period following treatment. Histopathological evaluation of
structures and analysis of apoptosis/proliferation were performed. Timely bio-distribution assays followed.
Experimental animals demonstrated increased salivary flow rates when compared to controls.
Protein content was comparable to that of pre-radiation (base-line) level. Histological evaluation revealed that acinar cells showed less
vacuoles and nuclear aberrance in experimental group compared to the control group and the amount of mucin stained by alcian blue was
larger, in the latter. Protein therapy resulted in less apoptotic activities detected by TUNEL assay and similar proliferative indices as in the
control mice. Immunohistochemistry revealed the involvement of the Wnt/β-catenin signaling pathway in radioprotection.
Novel, biocompatible, stable, reproducible and customizable core-shell nanoparticulate layer-by-layer self-assembled delivery system is
presented. Findings suggest that the local sequential release of a protein cocktail (in specific dosage and order) into murine salivary gland
highly prevents radiation-induced damage via reducing apoptosis. This approach also promotes in situ proliferation of salivary gland cells.
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A Novel Production Method of Gelatin Hydrogel Microsphere as a Sustained Release System of Cisplatin Aiming
for Clinical Application
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Introduction
A novel drug-delivery system for prolonged retention was developed for clinical application, gelatin hydrogel microspheres with incorporated
cisplatin (GM-CDDP) was already applied to intraperitoneal chemotherapy against peritoneal carcinomatosis [1]. However, organic solvents
and glutaraldehyde as a toxic substance were used in the production process of GM-CDDP. The object of this study was to develop a new
production method of GM-CDDP without organic solvents and glutaraldehyde, and to evaluate the potential to sustained release.
Methods
In the current study, dehydrothermal crosslinking technique in place of glutaraldehyde was employed. After frozen dehydration for 72 hours,
5wt% gelatin solution was crosslinked by heating (140 ℃ ). In order to obtain 3 types of degree of cross-linking, heating duration was divided in
3 groups (soft cross-linking: 24 hours, moderate: 48 hours, hard: 96 hours). And then, gelatin hydrogel sheet was comminuted to injectable size
(100-180μm) by ultrasonic homogenizer and sieves. After frozen dehydration for 48 hours, cisplatin was added.
The characterization of GM-CDDP of 3 kinds of crosslinked degrees were assessed with in vitro degradability test and release test. Firstly, GMCDDP were suspended in 1ml of 0.01 mol/l phosphate-buffered saline (PBS), followed by reciprocally shaking at 37℃ . The supernatant was
pipetted after centrifugation, and immediately after that, the same volume of PBS or PBS containing collagenase D(25μg/ml) after 24 hours
was added at each time point. The degradability of GM-CDDP was assessed by quantitating protein in supernatant, and the concentration of
released cisplatin was measured from that of platinum on atomic absorption spectrophotometer.
Results
In degradability test, gelatin hydrogel microspheres with greater cross-linking showed slower degradation after changing to PBS containing
collagenase. % degradability of gelatin at 48 hours was 83% of hard cross-linked gelatin, 92% of moderate, 100% of soft. In release test, initial
bursts were observed approximately 30 to 40% in all type of GM-CDDP, and cisplatin was rapidly released with gelatin hydrogel microspheres
degradation after adding collagenase.
Conclusion
In the current study, we had established a new production method of GM-CDDP for clinical application, and the release rate of cisplatin was
controlled by heating duration.
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Stem Cell-Engineered Nanovesicle Functionalized with Aptamer for Cartilage Tissue Engineering
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Notch signaling suppresses bone marrow-derived mesenchymal stem cells (BMSC) differentiation toward the chondrocyte, osteoblast, and
adipocyte fates, while promoting BMSC proliferation during skeletal development. Here, we hypothesized that notch-antagonistic aptamer can
participate chondrogenic differentiation of MSC. Selected notch-antagonistic aptamer in this study induced chondrogenesis of BMSC spheroid
without any growth factors. Translocation of notch aptamer to both cytoplasm and nucleus of MSC was also confirmed. Therefore, we can
suggest that notch intracellular domain (NICD) by notch-aptamer suppress notch signaling and then induce chondrogenic differentiation of
BMSC. In further study, we developed stem cell-engineered nanovesicles functionalized with the notch aptamer (NV/apt) for cartilage tissue
engineering. The NV/apt was designed to deliver drugs as receptor-mediated drug delivery system targeting MSC.
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VEGF delivery by chitosan/poly-cyclodextrin composite sponges for bone tissue engineering
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Bone tissue engineering (BTE) approach is viewed as an efficient alternative to the traditional use of bone grafts. Angiogenesis plays a pivotal
role in tissue engineering and regenerative medicine. Therefore, macroporous chitosan (CS) / poly-cyclodextrin (PCD) scaffolds were fabricated
and evaluated for supporting the release of angiogenic growth factors e.g. vascular endothelial growth factor (VEGF), which may have the
potential to enhance bone regeneration.
The scaffold were fabricated from freeze-drying a physical hydrogel, which is based on polyelectrolyte complex between cationic CS and
anionic PCD. The powders of CS and PCD (ratios CS:PCD 3:3w/w) were firstly co-milled and dispersed in water; and the hydrogel was readily
formed by addition of lactic acid solution up to 1% and continuously mixing by using two interconnected syringes. The sponges were then
formed by freeze-drying the hydrogels and further thermo-treatment at 160°C. The microstructure, the swelling and degradation properties of
sponges were evaluated. The VEGF was incorporated into the sponges by drip-coating. The cytocompatibility of the sponge was evaluated
with pre-osteoblast cells (MC3T3-E1) in indirect and direct contact method by the AlamarBlue ® and LIVE/DEAD® assay, respectively. The
release profile of VEGF from the sponge was detected by using a VEGF ELISA kits. The biological activity of VEGF released from the CS/PCD
scaffolds was studied in vitro by determining the proliferation and the migration of human umbilical vein endothelial cells (HUVECs).
The results showed that CS/PCD sponges have a high swelling rate (~500%) in PBS, a slow degradation profile (~5% weight loss / month) and
interconnected macroporous structure. A good cytocompatibility was demonstrated with more than 95% cell survival and good cell adhesion
on the sponge scaffold. The delivery of VEGF resulted in a significant proliferation and angiogenic differentiation of HUVECs. Endothelial cell
migration toward VEGF incorporated scaffold was significantly higher as compared to VEGF-free polymeric scaffold.
In conclusion, the described novel scaffold (CS/PCD sponge) represents a promising device for delivery of growth factor to enhance
angiogenesis and osteogenesis.
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Multivalent polyaspartamide crosslinker for engineering cell-responsive hydrogels with degradation behavior
and tunable physical properties
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Hydrogels possess favorable physical properties ideally suited for various biotechnology applications. To tailor to specific needs, a number of
modification strategies have been employed to tune their properties. Herein, a multifunctional polymeric crosslinker based on polyaspartamide
is developed, which allows for the facile adjustment of the type and number of reactive functional groups to fit different reaction schemes and
control the mechanical properties of the hydrogels. The amine-based nucleophiles containing desired functional groups are reacted with
polysuccinimide to synthesize polyaspartamide crosslinkers. The crosslinking density and the concurrent change in mechanical properties of the
resulting hydrogels are controlled in a wide range only with the degree of substitution. This multivalency of the polyaspartamide linkers also
allowed for the degradation of hydrogels by the unreacted functional groups involved in the chain lysis. Furthermore, the polyaspartamide
crosslinker conjugated with cell-recognition molecules via the same conjugation mechanism (i.e. nucleophilic substitution) render the hydrogels
cell responsive without the need of additional processing steps. This versatility of polyaspartamide-based crosslinker is expected to provide an
efficient and versatile route to engineer hydrogels with controllable properties for biomedical applications.
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Photo-modulated Drug Delivery System for Minimally Invasive Ophthalmic Injections

Johan Sebastian Basuki1，Fengxiang Qie2，Xavier Mulet1，Lingli Li3，Xiajuan Hao1，Chen Hao3，Tianwei Tan2，Timothy Charles Hughes1
1

CSIRO Manufacturing, Clayton, Australia，2Beijing University of Chemical Technology, Beijing, P.R. China，3Wenzhou Medical University Eye Hospital, Wenzhou, P.R. China

Biotechnological advances in recombinant protein and monoclonal antibody technologies has revolutionized the pharmaceutical industries
through their biomolecular products. Although they offer higher specificity compared to small molecules, they possess limited stability for longterm storage and controlled release, which lead to aggregation/degradation and loss of their biological activity. The major problem in the
treatment of chronic ophthalmic diseases, like age-related macular degeneration (AMD), is the frequency of injections to the back of the eye
with biomacromolecular drugs, such as bevacizumab (Avastin®) and ranibizumab (Lucentis®). In order to minimize the negative impacts of this
invasive procedure, there is a need for a drug delivery system that serves as a depot to enable sustained release or controlled burst release of
these anti-angiogenics.
Our patented protein depot has been developed using FDA approved polymers to ensure its bio-compatibility in contact with human
tissues and to exhibit a reversible thermal softening behaviour. Functionalized gold nanoparticles (AuNPs) were embedded directly inside the
polymer matrix (hydrogel) as the light-responsive component. Different payloads, ranging from small molecules (hydrophobic or hydrophilic) to
various proteins, can be encapsulated directly into the polymer matrix (hydrogel) without chemical modification. The release of the protein
from the depot can be designed to have a sustained release profile or/and to response to visible or near-infrared light. When the drug depot is
exposed to light, the polymer inside the depot (fabricated into rods, films, or microparticles) responses thermo-mechanically to let the
unmodified protein diffusing from the depot at higher rate.
The release rate of the loaded drug can be tuned on demand by internal (i.e. AuNPs and polymer content) and external parameters (i.e.
light intensity) for controlled dosage forms. Biological activity of the photo-released bevacizumab was highly retained as measured by ELISA
(human VEGF165 affinity) and vascular endothelial cells proliferation assay. In addition, the formulation did not show in vitro toxicity to ocular
cells, and can be implanted via minimally invasive subconjunctival injection through a 30-gauge needle into rabbit eyes. Due to its high
versatility, this photo-modulated drug delivery system has a potential to improve the treatment of posterior or anterior ocular diseases.
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Anti-inflammation and Wound Healing Efficiency of Thai Silk Fibroin Hydrogels Controlled Releasing Curcumin
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Thai silk fibroin hydrogels were formed by the induction of sodium tetradecyl sulfate, an anionic surfactant which is used in medical products
approved by U.S. FDA. The addition of sodium tetradecyl sulfate at various concentrations could accelerate silk fibroin to form gel at 37°C, pH
7.4 within 20-30 min. The mechanisms of gelation were explained by dehydration effect as results of the hydrophobic interaction and hydrogen
bonds, leading to the turning of secondary structure of silk fibroin from random coil to β-sheet structure. The electrostatic interaction also
played significant role on the gelation rate. The silk fibroin hydrogels were slowly degraded in proteinase enzyme solution at 37°C, pH 5.5 over
a 7-day period. The in vitro test with L929 mouse fibroblast cells following ISO10993-5 standard showed that the silk fibroin hydrogels were
not toxic (>100% cell viability). The curcumin dissolved in sodium tetradecyl sulfate (0.7 mg/ml) was incorporated into silk fibroin hydrogels.
When incubated in proteinase enzyme solution at 37°C, pH 5.5, the silk fibroin hydrogels could sustain the release of curcumin along 2 weeks.
The silk fibroin hydrogels incorporating curcumin were applied topically on the full-thickness wound of mice to evaluate anti-inflammation and
wound healing efficiency, comparing with the silk fibroin hydrogels without curcumin, medical used fibrin gel, and non-treated wounds. We
found that the silk fibroin hydrogels incorporating curcumin significantly reduced the wound size and inflammation particularly within the first 3
days and promoted re-epithelialization after 7 days of treatment. This hydrogel can be further studied in the infected or diabetic wound.
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Collagen Microgels for Regenerative Medicine
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During recent years, microgels have emerged as an effective drug delivery system (DDS), showing advantages such as tuneable size, increased
surface area and injectability1. Collagen has been extensively studied as a scaffold for regenerative medicine and drug delivery due to its
biocompatibility, non-immunogenicity and degradability2. In this study, we show the use of microfluidic techniques for the automated
generation of monodisperse type-I collagen (col-I) microgels and the encapsulation of hollow collagen spheres loaded with glial-derived
neurotrophic factor (GDNF) and bone morphogenetic protein 2 (BMP-2), for regenerative therapies in Parkinson’s Disease and bone repair,
respectively.
Microgels with different size and stiffness were synthetized in a glass microfluidic device with co-flow configuration. Crosslinking occurred after
merging col-I with the PEG-4S crosslinker in the nozzle of a double-chamber capillary within an oil flow. A coiled tube was placed in the outlet
in order to increase the residence time of the microparticles, allowing them to gelify inside the microfluidic system. The chemistry, stiffness and
degradation of the synthesised col-I microgels were characterized and the viability of Neu-7 astrocytes assessed. Hollow spheres (diameter ~
200 nm) were prepared by covalently binding collagen on silica templates, which were subsequently removed with hydrofluoric acid. Hollow
spheres were loaded with GDNF and BMP-2 by diffusion, seeded with different cell-types and encapsulated in the microgels within the
microfluidic device.
We demonstrate that microfluidics is an adequate technique for automatically generating monodisperse collagen microgels and provides a
useful tool for the posterior encapsulation of nanospheres and cells. The microgels are non-cytotoxic to cells and foster cell growth at different
conditions. Microgels encapsulating hollow spheres showed sustained delivery of different therapeutic factors, in accordance with previous
literature.3
AKNOWLEDGEMENTS: The authors would like to thank European Union Horizon 2020 Programme (H2020-MSCA-ITN-2015) and Grant
Agreement No. 676408 for providing financial support to this project.
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Iron oxide nanoparticles-incorporated large scale alginate capsules for biomedical applications
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Biocompatible capsules have recently been highlighted as novel delivery platforms of any “materials” to address current problems of living
systems such as humans, animals, and plats in academia and industry, especially for biomedical applications. Here, we proposed a new
platform based on biocompatible alginate capsules that can control the movements as an active target delivery strategy for various biomedical
applications. In this study, we developed large-scale iron oxide nanoparticle-incorporated alginate capsules and investigated the movement
performances of capsules under magnetic fields. The capsules described in this work were generated from ionically cross-linked alginate, and
various concentrations of iron oxide nanoparticles were inserted into the capsules. It was found that the sizes of large scale alginate capsules
could be controlled via various working conditions such as concentrations of alginate solutions and iron oxide nanoparticles. As a proof of
concept work, we showed that the iron oxide particles-incorporated large scale alginate capsules could be moved actively by the magnetic
fields, which would be a strategy as active target delivery platforms for biomedical engineering.
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Design of sulfobetaine polymers for intracellular delivery of drugs
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Zwitterionic betaine polymers have a pair of positively and negatively charged groups in the monomer units and are known as a biocompatible
biomaterial. Among them sulfobetaine polymers have a sulfo group as a negatively charged group in the monomer units, and exhibit unique
intermolecular interactions in response to solution ionic strength as well as solution temperature. In this study, we synthesized novel
zwitterionic sulfobetaine methacrylamide monomers with a pyridinium cation and investigated the homopolymers as an intracellular carrier of
drugs. Briefly, sulfobetaine polymers were prepared through living radical polymerization of the monomers on the basis of reversible additionfragmentation chain transfer (RAFT). An aqueous solution of the resulting sulfobetaine polymers has an upper critical solution temperature
(UCST), which is strongly affected by the solution ionic strength. This finding suggests that the sulfobetaine polymers could form a polyionic
complex through the intermolecular interaction between zwitterionic sulfobetaine monomer units. The sulfobetaine polymers do not show
cytotoxicity for HeLa cells. Introduction of a fluorescent group at the terminal end of the sulfobetaine polymers allows us to investigate the
internalization and following intracellular localization under a confocal laser scanning microscope (CLSM). Upon adding the fluorescent-labeled
sulfobetaine polymers in culture, the internalization of the sulfobetaine polymers into HeLa cells was observed by CLSM. Interestingly, the
following intracellular localization of the sulfobetaine polymers was affected by the solution temperature for the internalization. In addition,
even at 4 °C, the sulfobetaine polymers were still internalized into HeLa cells. These results suggest that the internalization of the sulfobetaine
polymers might not be caused by endocytosis. Upon conjugating doxorubicin (DOX) with the sulfobetaine polymers, we successfully delivered
DOX into HeLa cells. Taken together, it is concluded that the novel sulfobetaine polymers could be utilized as an intracellular carrier of drugs.
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Bio-adhesive polymersome for localized and sustained drug delivery at pathological sites with harsh enzymatic
and fluidic environment via supramolecular host-guest complexation
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Introduction: Targeted and sustained delivery of drugs to diseased tissues/organs, where the body fluid exchange and catabolic activity is
substantial, is challenging due to the fast cleansing and degradation of the drugs by these harsh environmental factors. We develop a
multifunctional and bioadhesive polycaprolactone-β-cyclodextrin (PCL-CD) polymersome for localized and sustained co-delivery of hydrophilic
and hydrophobic drug molecules. The PCL-CD polymersome is capable of in situ grafting to the biological tissues via the host-guest
complexation between surface CD and native guest groups in tissue matrix both in vitro and in vivo, thereby effectively extending the retention
of the loaded cargos in the grafted tissue.
Methods：Polycaprolactone with hydroxyl terminal group (PCL-OH, 5k) was reacted with methylacryloyl chloride and then conjugated with
thiolated β-cyclodextrin (βCD-SH) to obtain PCL-βCD. The BSA-FITC and Rhodamine B base were dissloved in distilled water and DMF
(H2o:DMF = 2:1, v/v), respectively, and co-loaded into the PCL-βCD polymersome during the self-assembly process. Application of solutions of
free fluorescence dye (BSA-FITC) or PCL-CD polymersomes loaded with the same amount of dye to separate halves of the native cartilage
results in the similar level of initial fluorescence staining of the tissue that can be visualized under UV exposure (wavelength: 365 nm; intensity:
7 mW/cm2). 50 μl of BSA-FITC-loaded PCL-CD polymersome solution, or 0.05% (wt%) BSA-FITC solution of the same volume was injected into
intra-articular space of the operated knees.
Results：The Rh of polymersome is 144nm and the Rg/Rh is 1.09 based on the dynamic light scattering. After being washed with the PBS for 5
minutes the half cartilage surface that is coated with the dye-laden PCL-CD polymersome exhibits significantly high fluorescence signal than the
control half that is coated with free dye. Even after three days of immersion in PBS, the PCL-CD polymersome coated half cartilage surface still
shows more intense fluorescence signal than the control half. The quantification of the fluorescence intensity also shows higher signal from the
PCL-CD polymersome treated cartilage surface than the free dye treated control. Real-time monitoring with in vivo confocal microscope reveals
more fluorescence signal in the articular cartilage surface of the joints injected with the BSA-FITC-loaded polymersomes than that in the joints
received free drug injection.
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Facile fabrication of drug-loaded silica nanoparticles using silica forming peptide-fused self-assembled cage
protein

Seung Pil Pack，Mi-Ran Ki，Thi Khoa My Nguyen，Ki Baek Yeo
Department of Biotechnology and Bioinformatics, Korea University, Sejong, Korea

Ferritin (FT) is an iron-storage cage-protein composed of 24 subunits with interior and exterior diameters of 8 and 12 nm, respectively. ApoFT
without iron may carry many types of small molecules inside the core of cage. Therefore, FT nanocages have attracted much attention as a
nanoreactor or delivery system for small molecules such as a drug. Meanwhile, silica-nanoparticles are in the spotlight as carriers in
biomolecular transport because of large surface areas and easy surface functionalization. Here, to enhance the potential of FT as a drug carrier,
FT genetically-fused with silaffin R5 peptide at N-terminus (R5FT). The N-terminal R5 peptides are exposed on the surface of the FT cage and
precipitate silica on the surface of FT, resulting in silica-enveloped cage protein (SiO2/R5FT). First, doxorubicin (Dox) was loaded into cage
interior by re-assembly of R5FT and then Dox-laden R5FT was coated with silica by R5-mediated silica deposition under eco-friendly conditions.
The release rate of Dox-loaded in internal cages was retarded by the silica-coated matrix and showed the pH-controlled behavior, in which the
release amount was two times faster at pH5 than pH7. R5FT provides a biocompatible manufacturing process for the drug-laden silica
nanoparticles over conventional production methods. Therefore, these silica-FT composite particles are advantageous for application in the
biological and medical fields.
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Collagen-based core-shell nanofibers for long-term drug release
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For cancer treatment and wound treatment, matrix materials for long- term control of drug release are highly desired. As electrospun
nanofibers have a high specific surface area, porosity, and anisotropy, they have good compatibility with living tissues and are expected as one
of the matrix materials. Especially biodegradable nanofibers are safe and promising drug-carrier even if they are embedded into the body.
However, the controlled release of hydrophilic drug loaded into the nanofibers is much difficult because the high amounts of drugs are released
in the early process.; that is called as a burst. To solve the problem, in this study, we designed and fabricated core-shell nanofibers, where the
drug is incorporated in the core of nanofibers. The rapid release of drug from the core is suppressed by the shell. Here, collagen and polylactic
acid (PLA) which are biodegradable are used as core and shell materials, respectively. Collagen has high interaction with peptides and
hydrophilic low molecular weight compounds via hydrogen bonds and hydrophobic interactions. The shell of hydrophobic PLA sustains the
release of incorporated drug over a long-term period as it degrades. Here, we report the fabrication and the characterization of the drugincorporated nanofibers, and the evaluation of the drug release profile.
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Theranostic Polymeric Nanoparticles for Cancer Diagnosis and Therapy  

Eun Ju Jeong，Young Kyoung Han，Ye Rang Seo，Kuen Yong LEE*
Department of Bioengineering, University of Hanyang, Seoul, Republic of Korea

Polymeric nanoparticles have been widely used in cancer therapy due to reduced undesirable toxicity and enhanced therapeutic efficacy in the
body. In recent years, multifunctional and stimuli-sensitive polymeric nanoparticles have been developed for the diagnosis and treatment
cancer. Specifically, theranostic nanoparticles based on combination of therapeutic and diagnostic functions have been widely investigated. We
hypothesized that poly(ethylene glycol) (PEG)-alkyl carbonate micelles that generate carbon dioxide and trigger the release of anti-cancer drug
at the tumor site can be useful for ultrasound imaging and simultaneous therapy of tumor. Chemical conjugation between PEG and alkyl
chloroformate was carried out via alkyl halide reaction, and carbonate linkage formation was confirmed by FT-IR and 1H-NMR spectroscopy.
Doxorubicin (DOX)-loaded gas-generating micelles were prepared by a solvent evaporation method using mixed solvent systems.
Characteristics of gas-generating micelles, including size, shape, and cytotoxicity were investigated. Generation of carbon dioxide by hydrolytic
cleavage of the carbonate linkage was observed by optical microscopy and ultrasonography. The in vitro release profile of DOX from PEGcarbonate micelles and therapeutic efficacy in a tumor-bearing mouse model were also investigated. This approach to developing theranostic
nanoaprticles using biocompatible polymeric nanoparticles may provide a useful means to cancer diagnosis and therapy.
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Nanocomposite design of scaffolds for the protein delivery in tissue regeneration
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Delivering proteins with scaffolds is considered important to regenerate damaged tissue. For instance, ultrahigh loading and sustainable
delivery are quite useful for clinical application. Herein, we designed 3D scaffolds for this purpose by introducing mesoporous bioactive glass
nanoparticles (BGNPs) to microporous polymer scaffold (up to 200% BGNPs/PLA weight). Scaffolds were fabricated by the salt leaching
method to provide a microporous structure. Incorporating BGNPs into the scaffold significantly enhanced specific surface area and
hydrophilicity which enabled loading of proteins efficiently. Therefore, protein adsorption was higher in BGNPs/PLA scaffold compared with that
in PLA group, and especially positive charged proteins were adsorbed 20 times higher than negative charged protein. Moreover, loaded protein
was released in a more controlled manner over a few weeks in BGNPs/PLA, however, such protein release was burst (within a week) in pure
PLA. Furthermore, fibroblast growth factor 2 (FGF2) was selected as a representative protein to load and deliver for its cell mitosis and tissue
repair potential. The FGF2 loaded scaffold showed significantly higher cell proliferation of the rat mesenchymal stem cells (rMSCs) compared
with the pure PLA scaffold. Thus, the designed scaffold proved to have ultrahigh and long-term delivery capacity of proteins and thus to be a
good candidate for tissue repair graft.
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Injectable drug-loaded microsphere systems for sustained drug delivery
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Microsphere systems have been used for drug delivery system to reduce side effects as well as to improve the therapuetic level over a specific
period. In addition, drug delivery systems such as biodegradable polymer microspheres are simple to fabricate. Moreover, they offer facile
administration via routes including oral, pulmonary and parenteral injection, and they do not need surgical removal upon complete drug
release. However, these microspheres still suffer from initial burst release of drug during the first day. For reason, we describe the preparation
of drug-loaded microsphere formulation to achieve desired therapeutic levels over a specific period. Drug-loaded microspheres were prepared
using a mono-axial nozzle ultrasonic atomizer, varying a number of parameters to determine optimal conditions. The cumulative in vitro release
resulted in a sustained release of drug that maintained up to 28 days. In conclusion, we believe the results of the present study provide
potential into sustained pharmacological performance and represent a useful experimental platform using microsphere drug delivery system.
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Efficient Nucleic Acid Delivery System Using Aptamers for Cancer Targeting Ligands
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Targeted delivery system is efficient to cancer therapy and diagnosis by reducing drug resistance. In this study, we designed various type
aptamer-linear nucleic acid structures for efficient targeted delivery system that could deliver anti-cancer drugs and therapeutic nucleic acids
like Bcl-2(anti-apoptotic protein) siRNA that blocks target gene expression for cancer cells. The various type aptamer-linear nucleic acid
structures could be easily prepared by watson-crick base pairing. We showed multimeric conjugates can much more efficiently deliver nucleic
acids than monomer. In addition, multimer conjugates were accumulated in tumor tissue without liver toxicity and non-specific cytokine
induction in vivo. Thus, these multimeric aptamer-DNA and DNA-siRNA hybrids could be harnessed as efficient carrier to cancer cells.
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mechanical and degradation properties of in situ crosslinkable polyamine-based hydrogels for dual-mode drug
release kinetics

Mirae Kim，Chaenyung Cha
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Michael addition has been extensively utilized in recent years to fabricate hydrogels for biomedical applications, due their ability to undergo
reaction under physiological conditions (e.g. neutral pH, mild temperature) to form hydrogels without the need of a catalyst. In this study,
mechanical properties and degradation behavior of in situ crosslinkable hydrogels prepared from poly(ethylene glycol) diacrylate (PEGDA) and
polyethyleneimine (PEI) are explored. PEGDA with two acrylate groups and PEI with multiple amine groups undergo crosslinking reaction via
Michael addition to form hydrogel formation under physiological conditions. Varying the concentrations of PEGDA and PEI, as well as the
molecular weight of PEGDA, allow for the control of mechanical properties in a wide range. In addition, these hydrogels are all shown to
undergo degradation likely due to the presence of unreacted amine groups on PEI and/or increased local hydroxide content involved with the
nucleophilic attack on the ester linkages. With this interesting combination of tunable mechanical properties and degradation, the PEGDA-PEI
hydrogel system display a dual-mode drug release kinetics in which the drug release was governed by swelling-controlled and degradationcontrolled mechanisms in sequence, which demonstrates the potential of this hydrogel system for drug delivery applications.
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Fabrication and characterization of phlorotannins/poly(vinyl alcohol) hydrogel for wound healing application
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1
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Phlorotannins (PH) derived from brown algae have been shown to have biological effects. However, the application of PH in biomedical
materials has not been investigated. Here, we investigated the effects of PH on normal human dermal fibroblast (NHDF) proliferation and
fabricated a composite hydrogel consisting PH and poly (vinyl alcohol) (PVA) (PVA/PH) by a freezing-thawing method for wound healing
applications. Cell proliferation was significantly higher in the PH-treated (0.01 and 0.02%) cells than in non-treated cells. Based on the
mechanical properties, the PVA/PH hydrogel had a significantly increased swelling ratio and ultimate strain compared to the PVA hydrogel, but
the ultimate tensile strength and tensile modulus were decreased. Additionally, cell attachment and proliferation on the composites were
evaluated using NHDFs. The results showed that after 1 and 5 days, cell attachment and proliferation were significantly increased on the PVA/
PH hydrogel compared with that on the PVA hydrogel. The findings from this study suggest that the PVA/PH hydrogel may be a candidate
biomedical material for wound healing applications.
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Chemically modified mRNA encoding BMP-2 induces de novo bone formation in a rat critical segmental femur
defect
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Elizabeth R Balmayor1,3
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Introduction and Objectives: Growth factors associated limitations represent a major hurdle to musculoskeletal regeneration. Gene therapy is
advantageous over protein delivery and may provide a solution. mRNA-based gene therapy results particularly attractive. The objective of this
study was to develop an osteo-inductive transcript-activated matrix (o-TAM) by loading collagen sponges with a chemically modified mRNA
(cmRNA) encoding BMP-2.
Methods: mRNA was modified by performing a nucleotide modification and by introducing sets of long-lived UTR sequences. HEK293 and
MC3T3-E1 cells were transfected with all developed cmRNAs to determine the most efficient candidate. Next, selected cmRNA encoding BMP2 was loaded into collagen sponges with 1.25 µg and 5 µg and subsequently lyophilized to produce the cmRNA o-TAM. Human adiposederived stem cells (hAMSCs) were transfected by seeding them on the o-TAM. BMP-2 production was evaluated by ELISA. In vitro osteogenesis
was followed by qRT-PCT (RunX2, ALP, Collagen-I, Osteocalcin and Osteopontin) and mineralization (alizarin red). Subsequently, in vivo
osteogenesis was evaluated in a critical segmental femur defect (5 mm) for up to 8 weeks. 50µg, 25µg, 10µg, or 5µg of BMP-2 cmRNA loaded
into sponges were transplanted into the bone defect. Non-coding cmRNA was used, in vitro and in vivo, as control.
Results: Nucleotide modification of the mRNA improved stability. The sequence containing translation initiator of short 5’UTR (TISU) resulted in
elevated Metluc and BMP-2 expression in both cell lines up to 72 hours. Thus, TISU BMP-2 cmRNA was used to develop the o-TAM. hAMSCs
cultured on BMP-2 o-TAM were able to secrete significant amounts of BMP-2. Furthermore, the expression of osteo-related genes was greatly
enhanced as result of the BMP-2 o-TAM transfection. Mineralization of seeded stem cells was also improved. In vivo, bone healing was greatly
improved in the BMP-2 o-TAM when compared to the non-coding and empty groups as demonstrated by microCT (BV/TV). A clear dose
response has been observed in the treated groups. In the highest dosage group, best bone healing was detected without showing any side
effects in rats. Masson trichrome showed areas of new bone formation, while immunohistochemistry for Collagen-I resulted positive in allo-TAM
treated groups.
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Rationally-Designed Peptides for Mitochondrial-Targeted Gene Delivery

Jo-Ann Chuah，Keiji Numata
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Mitochondria are essential regulators of cellular function and survival because of their vital roles in energy production and apoptosis.
Mitochondrial abnormalities or dysfunction can therefore affect the brain, heart and muscle in varying levels of severity, and have been
implicated in various well-known diseases such as Alzheimer’s, Parkinson’s and muscular dystrophy.1 Although disease symptoms can be
managed with various medications, there are currently no treatments for mitochondrial disease.2 While mitochondrial-directed therapies are a
promising approach to alleviate these diseases, efficient mitochondrial-targeting strategies are lacking to date. An ideal delivery agent should
be able to condense the therapeutic molecule into compact particles for transport, disrupt the endosomal membrane, escape proteasomal
degradation, traffic molecules of various size, charge and function to targeted intracellular compartments, and additionally, have reduced
cytotoxicity and immunogenicity.3 The distinct ability of peptides to deliver molecules that are otherwise restricted from crossing cellular/
organellar membranes has led us to develop, through a novel design strategy, a versatile carrier for mitochondrial-specific delivery of
exogenous DNA. The peptide-based carrier comprises a mitochondrial-targeted peptide corresponding to the partial presequence of
cytochrome oxidase subunit IV (Cytcox) fused to a polycationic copolymer of alternating histidine and lysine residues (KH) for its membranetranslocating as well as DNA-binding/condensing functions.4 An optimized peptide/DNA formulation, identified through qualitative and
quantitative studies, fulfills the fundamental prerequisites for mitochondria-specific DNA delivery, successfully transfecting a high proportion
(80%) of mitochondria in a human cell line with concomitant biocompatibility. Nuclear magnetic resonance studies confirmed the effectiveness
of the peptide design with segregated functions: a helical domain necessary for mitochondrial import and an unstructured region for interaction
with DNA involving lysine residues. The results from our study offer useful insights into the rational design of peptide-derived carriers that can
be implemented for the delivery of therapeutics in a mitochondrial-based therapy.
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Gold Bunch Microsphere, a novel injectable gene carrier for clinical application
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Gene therapy is the therapeutic delivery of the disease-specific gene into the cells and tissues as a drug to treat disease. This therapy is used
for various disease, tissue repair, and engineering. However, this method requires high gene transfer efficiency, and what is needed is a carrier.
The carrier must have high efficiency and stability. Therefore, research on this is the key to successful gene therapy. So, we synthesized gold
bunch microsphere as a new carrier in this study. A Gold colloid and Catechol-functionalized branched polyethyleneimine (C-bPEI) were
combined to form nanoparticles, and gold clusters were synthesized by attaching pEGFP. Each of the gold bunch was packed into poly-(D,
L-lactic-co-glycolic acid) (PLGA) to prepare gold bunch microspheres. When the cells are co-incubated with the Gold bunch microspheres, the
PLGA degrades and the gold bunch uptake into the cells, and transfection. In this way, gene delivered to cells. In addition, in situ experiments
were conducted to synthesize gold bunch microspheres with SOX9 gene, a cartilage-specific transcription factor, for application to stem cells.
And the SOX9 gene was also expressed. Therefore, the Gold bunch microspheres can be applied to various fields such as cancer treatment
and tissue regeneration depending on the type of gene to be delivered.
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Accelerating sanitary product market entry. Prediction of Bone Biomaterial in vivo behaviour
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Years of biomaterials development, raising of tissue engineering and regenerative medicine and a broad cross-talk between basic scientists,
clinicians and engineers have built a great consensus on the need to find a short-term way to transfer research to the clinical relevant needs(1).
There is still a lot of work to do, even the development of new procedures for the testing of biocompatibility(2). Taking advantage of our
expertise in osteogenic coatings for dental implants and based on the well-known fact of the immediate formation of an outermost layer of
proteins on implanted materials, a correlation between most abundant proteins and material in vivo response has been established(3). The
goal is to be able to predict in vivo biomaterial behaviour in short times with and in vitro methodology(2).
The synthesis of a good number of sol-gel osteogenic coatings doped with different elements, i.e. Sr, Ca, Mg, that participate in the bone
regeneration cascade has been performed. Afterwards, in vitro, in vivo and proteomics procedures were carried out for their evaluation. In vivo
experimentation was carried out with a rabbit proximal tibia model. Proteomics assay was conducted by incubating the discs with human
serum for 3 h. Non-adhered proteins were removed through washes and proteins attached to the surfaces were eluted and evaluated using
mass spectrometry (LC/MS/MS). Data were analyzed with Progenesis QI software. A number of 130-180 proteins related to blood coagulation,
fibrinolysis, immune response and osteoregeneration were detected in different proportions in each material surface. Comparison between
surfaces showed up to 20 proteins predominantly adsorbed in each of them.
A thorough combined study of the whole data set revealed a very clear guideline to relate proteomics with biological processes connected
with biomaterials implantation. This study demonstrates that proteomics allows determining a group of biomarkers related to bone
regeneration and immune response that could constitute in the short run an easy-to-handle test to predict implants in vivo behaviour.
Acknowledgments: MINECO–Spain (MAT2017-86043-R), Jaume I University (Predoc/2014/25), University of the Basque Country (UPV/EHU)
(IT611-13), Basque Government (Predoct 2016/1/0141), Ilerimplant SL
(1) DW.Stuckey, EBioMedicine 25 (2017) 3–4
(2) DF Williams, Tissue Eng Part C Methods. 23(12)(2017)926-937
(3) F. Romero-Gavilan et al., Colloids and Surfaces B: Biointerfaces 162 (2018) 316–325
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Development of Phosphate Based Glass for Possible Antimicrobial and Biomaterial Applications
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Introduction
Phosphate based glasses that are used in biomaterial and tissue engineering applications have the ability to dissolve completely in aqueous
mediums with products that are bio-compatible. These products can be involved directly in tissue engineering application but it also makes
them excellent base to incorporate other elements such as copper, silver and strontium for wider application in biomaterial.
Methods and Experimental
Phosphate based glass were prepared by melting phosphorous pentoxide, calcium carbonate and sodium dihydrogen phosphate in a platinum
crucible at 1100 C and annealing them in a graphite mould. The glass rods prepared were cut into 15 x 2 mm dimensions, their dissolution
properties were studied by immersion in dH2O and tap water over period of 0-49 days. 1, 5 and 10 mol% copper or strontium incorporated
phosphate glass has also been prepared by addition of copper sulphate or strontium carbonate in the melt. Their dissolution properties were
studied by immersion in dH2O on 1, 3 and 7 days. Anion and cation ion chromatography were carried out to study the products released and
their amounts. Raman spectroscopy was carried out to understand surface structure. EDX was carried out on the cross-section of the glass to
understand the change in the elemental composition due to immersion in aqueous medium. Antimicrobial study is to be carried out to
understand the antimicrobial property of the copper-phosphate glass. In-situ study is also to be done with diamond beamline.
Discussion and Conclusion
Phosphate glass lost as much as 10.89 % of its mass in dH2O and 1.16 % in tap water. It is expected to dissolve much faster in dH2O due to
absence of ions. Phosphate glass is able to release polyphosphates with calcium, sodium and copper cation which shows that they are
available for the biomaterial application. EDX study had shown that there is a difference in elemental composition from the surface and bulk of
the glass which supports that different elements are released differently in solution. Further antimicrobial test will show how copper
incorporated glass can be used to kill microorganisms.
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Effect of  PLGA based nanoparticles on reproductive system
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Nanoparticles (NPs) have been demonstrated various applications in different fields, including sensing, electronics, and biomedical sciences.
Especially NPs have been extensively utilized as therapeutic and diagnostic agents for drug delivery systems and biomedical devices. Recently
application of NPs to the reproductive system has been raised. Furthermore, an increasing number of studies have been suggesting that
developmental origins of health and disease could come from an early life of the individuals. However, the influence of NPs on the process of
development and next generations have not been studied yet.
Here, we demonstrate that poly lactic-co-glycolic acid (PLGA) NPs coated with a cationic polymer of poly (ethyleneimine) (PEI) (PLGA/PEI NP)
are non-toxic and biocompatible for pre-implantation embryo development in vitro followed by subsequent fetal development in vivo and
healthy live birth without any genetic aberrations. Treatment of PLGA/PEI NP labeled with TRITC, named TRITC nano-tracers (TnT) visualized
and traced successful delivery of the NPs into sperms, oocytes and early stage of embryos.
Treatment of TnT at various embryo stages did not affect the development of the pre-implantation embryo to the blastocyst stage with
respect to OCT4 expression, ICM/TE ratio, and apoptotic index. Moreover, when TnT treated 2-cell embryos were transferred into recipients,
healthy live offspring were born without any distinct morphologic and chromosomal abnormalities.
Furthermore, various phenotypes of the next generation from the mice that exposed to TnT in their early life, clearly demonstrated that TnT
does not produce any adverse transgenerational effects on mammalian development. These results show the possibility that TnT could be used
to develop a new easy and safety paradigm to introduce exogenous materials into oocytes and embryos without technical difficulties.
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The release of metallic wear and corrosion products from orthopedic implants is a long known and still topical problem in joint arthroplasty.
Local particle exposure has been correlated to the manifestation of peri-implant osteolysis. In a previous study we have proved exposure to
multi-elemental metallic nanoparticles in peri-implant samples including bone marrow (BM). However, simultaneous and spatially-resolved
quantification of released metals in peri-implant bone and BM remains elusive. Today, there is no prove that particles originating from implant
components accumulate in the adjacent bone and BM. Thus, our aim is the simultaneous multi-elemental exposure assessment by synchrotronbased X-ray fluorescence (XRF) imaging of human peri-implant cancellous bone from patients with artificial joints.
Peri-implant cancellous bone specimens including BM (n=12) were collected during revision surgery of various implant types (knee implants,
hip resurfacing implants, stemmed hip implants, hip implants with modular stems). Specimens from non-exposed patients (n=5) were collected
during primary implantation of an artificial hip joint and served as controls. The samples were fixed and plastic embedded for sectioning prior
to imaging it at the European Synchrotron Radiation Facility (ESRF) beamline ID21 at 30, 3 and 0.5 μm steps and 7.8 keV. Subsequently,
regions with high particle exposure were imaged at beamline ID16B to determine particle sizes and elemental composition on the nanoscale at
50 nm step size and 25.6 keV.
The obtained XRF-maps indicated significant exposure to micron- and nano-sized cobalt, chromium, molybdenum, vanadium, titanium,
manganese, and iron particles in the BM of peri-implant samples from all implant types. The highest exposure levels were found in samples
obtained from patients with hip resurfacing implants and hip implants with modular stems. Nanoparticle exposure was more pronounced in
osteolytic regions. Cobalt was the only element which was found integrated into the proximal trabecular bone in a non-particulate state.
Our data demonstrate that metal release from various metallic implants leads to multi-elemental particle exposure in peri-implant bone and
BM. We consider ex vivo XRF mapping of human peri-implant samples as an expedient tool to support risk-benefit evaluation in arthroplasty, to
guide individual implant choice in the future and for realistic appraisal of wear-related biological effects.
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3D scaffolds for neural tissue engineering (TE) have signiﬁcant effects on cell development by more realistic mimicking of an actual neural tissue
and a higher spatial freedom for cell interaction. A versatile and precise method of 3D printing, which relies on controlled solidification of
biocompatible inks, is the most promising method of 3D manufacturing to date. The present work relies on the development of a conductive
nanocellulose-based ink for the 3D printing of neural TE guidelines. We provide insight into the factors that help to guide attachment,
proliferation and differentiation of neural cells. It is demonstrated that by controlling the properties of the ink constituents, i.e. cellulose
nanofibers (CNFs) and carbon nanotubes, it is possible to deposit guidelines with sufficient shape fidelity and electrical conductivity. The
confocal microscopy images revealed considerable inclination of neural cells towards following the 3D printed conductive guidelines.
Moreover, the results of cell culturing show that the guidelines have positive influence on cells’ attachment, proliferation and differentiation. To
our knowledge, this is the first research effort devoted to using cost-effective cellulosic 3D printed structures in neural TE, and, apparently,
much more are expected to arise in the near future.

146

a93163

01-P296

Water Soluble Ceria Nanoparticle-Embedded Contact Lens for the Treatment of Eye Diseases Caused by Excessive
Reactive Oxygen Species

Seung Woo Choi1，Bong Geun Cha2，Jaeyun Kim1,2,3
Department of Health Sciences and Technology, Samsung Advanced Institute for Health Sciences & Technology (SAIHST), Sungkyunkwan University (SKKU), Seoul 06351, Republic of Korea，
School of Chemical Engineering, Sungkyunkwan University (SKKU), Suwon 16419, Republic of Korea，3Biomedical Institute for Convergence at SKKU (BICS), Sungkyunkwan University (SKKU),
Suwon 16419, Republic of Korea
1
2

Excessive reactive oxygen species (ROS) are considered important components in the occurrence of many eye diseases including cataract,
uveitis, retinopathy of prematurity, dry eye disease and age-related macular degeneration1. Ceria nanoparticles (CeNPs) have been known as
effective ROS scavenging agents by mimicking the activities of superoxide dismutase (SOD) and catalase2. For the treatment of eye diseases,
liquid eye drops are generally used but the efficacy of the eye drop is low because of ocular barriers including lacrimal drainage losses3. There
are a few reports using administration of CeNPs via intravitreal or intravenous injections for the treatment of retinal diseases4,5, but these are
invasive and limited to the posterior segment of the eye. To overcome these limitations, we propose CeNP-embedded contact lenses (CeNPCLs). These CeNPs have a water-soluble property and showed the good transparency in the form of polyhydroxyethylmethacrylate-based
contact lens. The cell viability was over 90% in the co-culture of human conjunctival cells with CeNP-CLs. CeNP-CLs successfully showed the
H2O2-scavenging and the SOD-mimetic activities without releasing CeNPs from contact lenses. Despite the use of medium containing high levels
of H 2O2, in vitro cell survival rate was increased in the presence of CeNP-CLs due to CeNP-CL’s ROS scavenging property and good
biocompatibility. These results demonstrate the CeNP-CL’s potential of the clinical translation for the treatment of ROS-causing eye diseases
without invasive procedures.
Reference
1. Cejka C, Cejkova J. Oxidative stress to the cornea, changes in corneal optical properties, and advances in treatment of corneal oxidative
injuries. Oxidative medicine and cellular longevity 2015, 2015.
2. Walkey C, Das S, Seal S, et al. Catalytic Properties and Biomedical Applications of Cerium Oxide Nanoparticles. Environmental science Nano
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3. Janagam DR, Wu L, Lowe TL. Nanoparticles for drug delivery to the anterior segment of the eye. Advanced drug delivery reviews 122, 31,
2017.
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Novel Antimicrobial, Hyperelastic, Nanofibrous Polyurethane Meshes for Wound Care

Anna L Worsley1,2，Liam Good1，Wenhui Song2，Janice Tsui2
Royal Veterinary College，2University College London

1

Wounds and their comorbidities costs billions annually,1 with bacterial infections preventing healing further.2 Many antimicrobial agents cause
unwanted side effects that can reduce healing, carry risk for antimicrobial resistance and have poor topical delivery systems.3,4 This report
describes antimicrobial polyurethane electrospun nanofibre meshes for wound healing, with the aim to give an improved antimicrobial release
and activity without host cell damage. A cationic antimicrobial (CA) was electrospun with the polyurethane (PU) for a gradual CA release. The
name of the antimicrobial used is confidential and has therefore been removed. It was hypothesised that the high surface area and mesh
morphology would control the antimicrobial release over time, and that PU would give ideal mechanical properties for a wound dressing.
A CA:PU solution was prepared with CA concentrations of 5%, 15%, 25% and 35% (wt). These were electrospun and the structural and
mechanical properties, and activities against cells were characterised. Experiments included tensile mechanical tests, release in PBS,
antimicrobial assays, and HaCaT cell toxicity.
The Young’s moduli of PU alone and CA:PU meshes were not significantly different, averaging at 3.95±1.19MPa, an ideal elasticity for wound
dressings. Following addition to PBS, meshes displayed a burst release of CA within one hour (67.19±21.65% of total released), followed by a
gradual release over 5 days ( ≤ 25% CA:PU samples). All CA:PU meshes had superior antimicrobial activity when compared to control and
commercial groups. 5% CA:PU meshes showed no human cell toxicity and were significantly superior to commercial groups tested. However,
samples containing ≥15% CA showed increasing levels of toxicity.
Overall, the CA:PU meshes with ≤15% CA displayed encouraging properties for improved wound dressings. An ideal dressing would release
the antimicrobial gradually over 2 days to reflect regular dressing changes. Further development will fine-tune the antimicrobial delivery for an
optimised material.
References
1) Guest et al. BMJ Open 5:e009283, 2015
2) Ferreira. Sage Journals 33(2) p 74-86, 2018
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Dual stimuli-responsive PIPAAm-PDMS surfaces for controlling cell attachment and detachment

Yoshikatsu Akiyama1，Miki Matsuyama2，Naoya Takeda2，Masayuki Yamato1，Teruo Okano1
1
Institute of Advanced Biomedical Engineering and Science, Tokyo Women's Medical University，2Department of Life Science and Medical Bioscience, Graduate School of Advanced Science
and Engineering, Waseda University

Temperature-responsive cell culture surface, poly(N-isopropylacrylamide) grafted tissue culture polystyrene (TCPS) (PIPAAm-TCPS) showed the
graft PIPAAm thickness dependency on cell adhesion character.1 Based on this phenomena, PIPAAm gel grafted polydimethylsiloxane (PIPAAmPDMS), was newly prepared as new stretchable temperature-responsive cell culture surface, to demonstrate an idea that mechano-stress
modulate physical properties of the grafted PIPAAm gel as well as the PIPAAm-PDMS surface. PIPAAm-PDMS surface showed hydrophilic/
hydrophobic change with temperature change, while bare PDMS did not. When PIPAAm-PDMS was uniaxially stretched up to 20% of
stretching ratio, contact angle of PIPAAm-PDMS surface increased, accompanying with decrease in the thickness of graft PIPAAm layer. AFM
images demonstrated that nano-scale of PIPAAm gel aggregation was newly formed after EB irradiation. The uniaxial stretch deformed the
nano-scale PIPAAm aggregation, suggesting extension of PIPAAm chains with the stretch. Cell attachment assay showed that stretched
PIPAAm-PDMS surface was more cell adhesive than unstretched PIPAAm-PDMS at 37°C. Cells and cell sheet detachment from the stretched
PIPAAm-PDMS was also examined by decreasing temperature and/or with uniaxial shrinkage treatment. Low temperature treatment detached
cell sheet from the stretched and unstretched PIPAAm-PDMS in 9 minute, while uniaxial shrinkage alone enabled to detach cell sheet more
than 12 hours at 37°C. Dual stimuli, uniaxial shrinkage treatment and subsequent low temper treatment, allowed for more rapid cells-sheet
recovery (6 minutes) than low temperature treaetment alone (9 minutes). These results demonstrated the idea; stretching/shrinkage
modulated properties of PIPAAm-PDMS surface as well as thickness of graft PIPAAm layer. This new stretchable temperature-responsive cell
culture surfaces may allow for efficient fabrication of cell sheet irrespective of various cell species, by using stretch/shrinkage and temperature
change.
Reference
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Role of polyelectrolyte hydrolysis and electrostic attraction in Gentamicin release from Layer-by-Layer coated
silica nanoparticles

stefano perni，Yazan Al-Thaher，Polina Prokopovich
School of Pharmacy, Cardiff University, Cardiff, UK

Layer-by-layer deposition is a versatile techniques that has been employed in numerous industrial applications i.e. biomaterials, drug delivery
and electronics to confer peculiar properties to the system. When employed in drug delivery, the active molecule is sandwiched between
polyelectrolytes and the release is controlled by the diffusion of the drug through the layers and the possible hydrolysis of the coating
(delamination).Poly-beta-amino-esters (PBAE) are a class of hydrolysable polyelectrolytes that have been widely used in DNA delivery and in
LbL on medical devices. Their use allowed controlled release of antibiotics and other bioactive compounds from the surface of medical devices
without cytotoxic effects for extended periods of time. The general accepted consensus is that the prolonged drug released from LbL coating
assembled using PBAE is the results of the polymer hydrolysis; however no attention has been paid to the possible role of the electrostatic
attraction between PBAE and the other polyelectrolyte utilised in the LbL assembly in controlling drug release.
In this work, we demonstrated using gentamicin as drug model that the drug release from PBAE containing LbL coating is predominantly
controlled by the electrostatic attractions between opposite charged electrolytes as higher level of drug were released at pH7 than at pH5 as
the positive charge of PBAE decreases from pH5 to pH7 despite the hydrolysis kinetics been faster in acidic conditions as determined with GPC.
Furthermore, when PBAE were replaced with chitosan the release kinetics at pH5 and 7 were comparable as the charge of chitosan is not
influenced in this pH range.
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Nanocarriers From Plasma Dust Enhance Gene Delivery in Diverse Cell Types
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Introduction: While the number of nanocarriers has vastly increased in recent decades, significant issues persist in combining fine control of
physical properties, low cytoxicity and simple functionalization in a single platform. Multifunctional carbon-based nanoparticles (nanoP3),
manufactured in a custom-built plasma chamber, are a new platform that achieves multiple functionalities in a single, simple step enabling
delivery of multiple molecular cargos into cells. Size, roughness, surface charge and chemical composition were readily controlled, giving rise to
a versatile nanoparticle platform [1]. Methods: Cytotoxicity assays, such as Alamar Blue, LDH activity assay and Caspase3/7 were performed as
per manufacture instructions. Genetic material including siRNA and plasmid were conjugated to nanoP3 (109 particles/mL) in HEPES-NaCl by
simple incubation at room temperature for 10 minutes. The unbound cargo was washed three times by centrifugation. Transfection efficiency/
protein knockdown were observed via western blot, IVIS imaging, and fluorescent microscopy. Results: Unfunctionalized nanoP3 penetrated the
cell membrane in all 13 cell types tested; HEK293, MCF7, MCF10A, mFb, hFb, HEPG2, IPSC-L2G, hCAECs, HUVECs, hSMCs, A594, HeLa, and
MIN6, without the requirement for penetrating agents. Incubation of nanoP3 for up to 5 days did not affect cell viability or morphology, no
increase in both LDH (membrane integrity marker) and Caspase 3/7 (apoptosis) level, with up to 109 particles/mm2 in all cells tested. Confocal
imaging showed the presence of paclitaxel, IgG-Cy5 and IgG-Cy7 co-localized within the cell membrane, demonstrating a successful cotransportation of cargo into MCF10A, MCF7 and hCAEC cells. To exemplify one possible functional utility of nanoP3, we delivered functional
siRNA targeted to luciferase in primary mouse fibroblasts and induced pluripotent stems cells, reducing gene expression 52.64±1.7% and 51.6
± 3.1% at 72 hours, respectively. NanoP3 functionalised with siRNAVEGF targeted to the vascular endothelial growth factor gene (VEGF) in
primary HUVECs, impaired the formation of tubules in an established Matrigel assay (56.57 ± 8.87% reduction vs scrambled). Finally, we
demonstrated the successful transfection of a GFP plasmid into HeLa and HEK293 cells using only nanoP3. Overall, we demonstrate a costeffective, high efficiency nanoparticle platform with significant implications for improved intracellular delivery of genetic materials.
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Self-assembling Nanopeptide Hydrogel for the Applications in Tissue Engineering and Regenerative Medicine
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Brain injury is a devastating medical condition and represents a major health problem. Tissue and organ reconstruction have been regarded as
promising therapeutic strategies. Here, we propose a regenerative methodology focusing on the provision of functionalized nanopeptide
scaffolds to facilitate angiogenesis and neurogenesis at the brain injury site. The peptide RADA16-SVVYGLR undergoes self-assembly to
construct an interconnected network with intertwining nanofibers, and can be controlled to display various physicochemical properties by the
adjustment of microenvironmental factors such as pH and ion concentration. Such scaffolds can support endothelial cells to form tube-like
structures and neural stem cells to survive and proliferate. In an in vivo zebrafish brain injury model, sprouting angiogenesis and developmental
neurogenesis were achieved, and functional recovery of the severed optic tectum was enhanced in RADA16-SVVYGLR hydrogel-implanted
zebrafish. This nanopeptide hydrogel was non-toxic to zebrafish embryos during early developmental stages. This angiogenic self-assembling
peptide hydrogel had programmable physical properties, good biocompatibility, and regenerative ability for functional recovery in the injured
brain. We suggest that functionalized self-assembling peptides encapsulated with neural stem cells or used alone could be an attractive and
effective therapeutic modality for brain injury and diseases (e.g., trauma, stroke, tumor, degenerative neurological disorders, etc.).
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Comparison among nanostructured biomaterials with different mechanisms and kinetics of bioactivity and
antibacterial action
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Evolution of biomaterials for implants progressively shifted the focus from adequate mechanical strength to improved biocompatibility and
absence of toxicity and, finally, to fast tissue integration. Recently, new frontiers and challenges of titanium implants have been addressed with
the focus on bioactivity and fighting bacterial infection and biofilm formation. This is closely related to the clinical demand of multifunctional
implants able to simultaneously have a number of specific responses with respect to body fluids, cells and pathogenic agents.
Nanotechnologies can have a substantial and effective impact in regulating the tissue-implant interface through controlled topography and
surface functionalization at the nanoscale and some of them are here explored.
Titanium and titanium alloys surface treated in order to be bioactive (induced precipitation of hydroxyapatite in contact with physiologic fluids)
and antibacterial are here characterized and compared. They have in common surface topography at the nanoscale and functionalization with
antibacterial metal ions or nanoparticles, but differ in surface reactivity in contact with the bodyfluids (simulated through SBF-Simulated Body
Fluid, albumin and/or hydrogen peroxide complex solutions). The focus is on comparison of their mechanisms of action, kinetics of surface
activity and biological response. A bioactive glass belonging to the system SiO2-Na2O-CaO-P2O5-B2O3-Al2O3 is used as reference for comparison
with a classic bioactive material; the same glass doped with silver ions by ion exchange in aqueous solutions of silver nitrate was used as
reference of antibacterial action through Ag ions release.
Protocols of analysis suitable for evaluating and comparing the mechanisms of bioactivity and antibacterial action (FESEM, Raman, XPS,
electrokinetic and electrophoretic zeta potential measurements), kinetics of surface reactivity (release of antibacterial agents, FTIR, cross
section observation after soaking in SBF), biocompatibility (corrosion resistance and ion release in complex solutions) and biological response
(biofilm formation, osteoblast adhesion and differentiation) of a wide range of inorganic biomaterials have been assessed and are here
described and discussed.
Acknowledgments
MAECI is acknowledged for supporting GLOBAL project within bilateral Italy-Japan joint research projects

a91790

01-P303

Low concentration of Silver nanoparticles affects the cellular response of Tumor Necrosis factor
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Tumor necrosis factor-α (TNFα) is a pro-inflammatory cytokine which is an early marker in cell inflammation; also, it induces apoptosis by
different pathways. Silver nanoparticles (AgNPs) are widely known to have anti-inflammatory properties; therefore, it has been used in many
products. However, the exact mechanism of its protective effect has not been totally clarified yet. Our study aimed to investigate the effect of
low concentration of AgNPs on the cellular response of TNFα and to determine would it increase or decrease the effect? And what is the
molecular mechanism of its effect? Lung epithelial cell line (NCI-H292) was exposed to AgNPs (5µg/ml) and/or TNFα (20 ng/ml) for 24 h, the
cytotoxic effect of AgNPs has been analyzed showing an increase in the cytotoxic effect by increasing the concentrations of AgNPs. Then, flow
cytometric assay has been established; our results showed that the cellular uptake of AgNPs has been significantly increased in presence of
TNFα. Moreover, the estimation of apoptosis showed that the AgNPs significantly decreased the apoptotic effect of TNFα. Confocal
microscopy was used to localize the tumor necrosis factor receptor 1 (TNFR1) and the results revealed that TNFR1 localized inside the cells
with very few receptors scattered on the cell membrane of the cells exposed to both AgNPs and TNFα while the receptors were
homogenously distributed on the cell membrane in control cells and cells exposed to TNFα only indicating that AgNPs affect the localization of
TNFR1. Accordingly, our study concluded that the low concentration of AgNPs showed an anti-apoptotic effect against the apoptosis induced
by TNFα. Also, we provided a new possible mechanism of the anti-apoptotic effect of AgNPs by its effect on the TNFα receptor1.
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Design of Core-Shell Polymeric Microgel for Photodynamic Therapy Combined with Photo-triggered
Chemotherapy

Junghan Lee，Yixin Jiang，Daehyun Kim，Jieun Park
Lab of Nanomedicine, Inha University College of Medicine, Incheon, Korea

In this study, we designed core-shell type microgel particles which contain photodynamic agent (pheophorbide A, PheoA) in the core and
chemotherapeutic agent (5′-deoxy-5-fluorocytidine, 5′-DFCR) in the outside shell. Chitosan/shell-poly(hydroxyethyl methacrylate)/core
hydrogel particle (CSPM) was synthesized and PheoA was introduced into the core during the synthesis (CSPM-PheoA). The particle size of
CSPM observed on transmission electron microscopy (TEM) was 511 ± 59 nm and shrunk to 332 ± 30 nm after PheoA conjugation. The final
combination therapeutic microgel (CSPM-PheoA-5′-DFCR) was achieved after the introducing of 5′-DFCR to the chitosan shell using ROSreactive phenylboronic acid (PBA) as a linker. The combination therapeutic properties of CSPM-PheoA-5′-DFCR were analyzed and confirmed
cytotoxic ROS generation under near infrared laser irradiation (670 nm) and ROS-triggered release of 5′-DFCR through 9,
10-dimethylanthracene (DMA) fluorescence probe techniques and HPLC analysis, respectively. Moreover, we proved combination therapy of
cytotoxic ROS and ROS-triggered chemo drug using CSPM-PheoA-5′-DFCR microgel kills pancreatic cancer cells more efficiently than each
single treatment.
Acknowledgements:This work was supported by the Basic Science Research Program through the Ministry of Education
(2017R1D1A1B03035654) and National Research Foundation of Korea (NRF) funded by Ministry of Science and ICT
(2017R1A2A2A07001272)
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Chondroitin sulfate derived nanocarriers for targeted drug delivery and immune modulation
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Thrombotic complications in cancer patients undergoing chemotherapy is believed to be due to acute bone marrow toxicity and procoagulant
activity induced by chemotherapeutic agents. Analogously, we also observed that doxorubicin (DOX) a clinically used antineoplastic agentinduced acute platelet toxicity and trigger coagulation cascade in human whole blood model. Therefore, delivering chemotherapeutic agents to
malignant cells without triggering innate immune system is greatly needed in anticancer therapy. One of the most promising polymers that
could be exploited to fulfill the need for biocompatible drug delivery system is glycosaminoglycans derived from our extracellular matrix. We
found that chondroitin sulfate (CS) coated gold nanoparticles conjugated to DOX (CS-Au-DOX) offers a safe delivery platform for targeted
delivery of the chemotherapeutic agent. DOX was conjugated to the nanoparticle via pH-responsive hydrazone linkages, which yielded
sustained drug release profile at acidic pH. Unlike other colloidal gold particles, CS-Au-DOX was stable and could be stored as a lyophilized
powder. This nanoparticle exhibited higher toxicity towards CD44 overexpressing human colon cancer cells (HCT116 and GP5D) as compared
to free DOX. Interestingly, CS-Au-DOX overcame multidrug resistance in ovarian cancer cell line A2780 that was a result of p-glycoprotein
overexpression. The confocal laser scanning microscopy images clearly showed nuclear transport of these DOX-loaded nanoparticles. This
nanoparticle mitigated DOX mediated toxicity to human platelets and suppressed thromboinflammation, demonstrating the significance of
nanoparticle design for the delivery of toxic drugs. Therefore CS derived nanoparticles offer new avenues to design innocuous drug delivery
system with minimal side effects.
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Development and characterization of free standing biomembranes combining chitosan and naturalnanoliposomes for tissue engineering applications
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Advances in Tissue Engineering and Regenerative Medecine (TERM) depend increasingly on the availability of specific biomaterials that allow
controlling biological systems behaviour [1]. Therefore, many efforts have been devoted in proposing both biologically derived and synthetic
materials in contact with biological materials and new tissue engineering strategies that could enhance the regenerative potential of the
products.
In this work, chitosan membranes, were elaborated and functionalized by incorporating nanoliposomes based on natural vegetable (soy
based) and marine (salmon head) lecithin. The properties of natural nanoliposomes/chitosan blend membranes were evaluated by multi scale
techniques such as water contact angle (WCA), water uptake ability, Fourier Transform InfraRed spectroscopy (FT-IR) and Atomic Force
Microscopy analysis (AFM). In vitro biocompatibility analysis of chitosan before and after functionalization with nanoliposomes were performed
using human mesenchymal stem cells (hMSCs)
This study provide the information about the potential of natural nanoliposomes/chitosan blend membranes to be used as multifunctional
biomaterials for supporting cell activity, facilitating regeneration, and guiding tissue repair.
Especially, cytotoxic assays showed that 1) none of the membranes induced any cytotoxic effect and ii) 1mg.mL-1 of salmon nanoliposomes in
the chitosan has the highest potential in the development of chitosan-based biomembranes for tissue engineering applications [2].

[1] R. Langer, D.A. Tirrell, “Designing materials for biology and medicine" Nature (2004), 428, 487-492.
[2] F. Cleymand, H. Zhang, G. Dostert, P. Menu, E. Arab-Tehrany, E. Velot, João F. Mano, “Membranes combining chitosan and natural-origin
nanoliposomes for tissue engineering.” RCS Advances, 6, 83626-83637 (2016)
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New Composite Membranes Polymer-Functionalized Graphene for Haemodialysis

Stefan Ioan Voicu，Andreea Madalina Pandele
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Polymeric membranes are widely used for various biomedical applications like proteins concentration [1], osseointegration [2] or substitutes as
technological solutions for various organs, like artificial lung – oxygenator [3] or artificial kidney – haemodialysis [4]. This work presents the
principle for synthesis of a new generation of composite polymeric membranes with functionalized graphene for haemodialysis. Firs, specific
proteins, enzymes and vitamins are covalent immobilized on graphene in order to increase to selectivity and specificity for removing targeted
compounds for specific medical conditions associated with chronic renal disease. In the second stage of synthesis, functionalized and
derivatized graphene are used for obtaining composite polymeric membranes with controlled porosity for haemodialysis. Fully structural and
morphological characterization of synthesized materials is presented and hydrodynamic and separation properties. Also, haemotoxicity tests
were performed in order to study and prove the non-cytotoxic character of synthesised membranes.
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2. Voicu SI, Condruz RM, Mitran V, Cimpean A, Miculescu F, Andronescu C, Miculescu M, Thakur VK. Sericin Covalent Immobilization onto
Cellulose Acetate Membranes. ACS Sustainable Chemistry and Engineering, 4, 1765, 2016.
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Polymers 146, 148, 2016.
4. Nechifor G, Voicu SI, Nechifor AC, Garea S. Nanostructure hybrid membrane polysulfone-carbon nanotubes for hemodyalisis. Desalination,
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Native collagen hydrogel nanofibers with anisotropic structure using core-shell electrospinning
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Collagen hydrogel has been studied extensively as an extracellular matrix (ECM) material in regenerative medicine. However, it has an isotropic
structure. In contrast, the native ECM has an anisotropic structure. Collagen hydrogels with anisotropy would be highly desirable because cells
are affected by the physical cues from the ECM microenvironment. The electrospinning of collagen dissolved in organic solvents is a widely
used method for fabricating anisotropic collagen nanofibers. However, the thus-obtained collagen fibers are water soluble and need to be
cross-linked before they can be used as scaffolds for cell culture. In this study, electrospinning using a core-shell nozzle was employed to spin
an aqueous acidic solution of collagen and encapsulate it within a shell of polyvinylpyrrolidone (PVP). Subsequently, the core collagen was
gelled, and the shell PVP was washed away through a treatment with a basic ethanol solution to obtain anisotropic collagen hydrogel
nanofibers. Immunostaining and Fourier transform infrared spectroscopy revealed that the obtained fibers were composed of collagen and that
the surface PVP had been removed completely. Circular dichroism measurements confirmed that the fibers exhibited the triple helical structure
characteristic of collagen. Further, human umbilical vein endothelial cells cultured on the collagen hydrogel fibers were oriented along the fiber
direction. Thus, this method is a suitable one for fabricating fibrous anisotropic collagen hydrogel without chemical and thermal cross-linking
and should lead to the design and development of safe medical materials with anisotropy similar to that of the native ECM.
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Corrosion resistance and cell responses of nanoporous oxide layer produced by electrochemical process on
3D-printed titanium alloy scaffolds
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Ti-6Al-4V (Ti64) is one of the widely used implant materials due to its good biocompatibility, mechanical strength and corrosion resistance.
However, the high elastic modulus (~110 GPa) of Ti64 (vs. natural bone 1~40 GPa) implant may cause stress shielding effect on the
surrounding bone, leading to the bone resorption and the following implant loosening. Therefore, another new potential alternative, Ti-24Nb4Zr8-Sn (Ti2448) alloy with lower elastic modulus (~42 GPa) close to natural bone, was used in this study. Furthermore, as compared to solid
implants, interconnected porous scaffold implant could mimic bone structure, enhance cell ingrowth and reduce stress shielding effect by
controlling pore structure. In this study, electron beam melting (EBM) process, a type of three dimensional (3D) printing technique, was used to
produce Ti64 and Ti2448 scaffolds with interconnected porous structure. We have applied electrochemical anodization treatments to produce
a thick oxide layer with a nanoporous topography on the surface of EBM-produced Ti64 and Ti2448 scaffolds, for the improvement of
corrosion resistance and cell responses. The scanning electron microscope images showed that the produced nanoporous oxide layers on the
EBM-produced Ti64 and Ti2448 scaffolds had different surface topographies, including hole-, tube- and network-shape pores. All these
nanoporous surfaces showed excellent surface hydrophilicity, which are expected to facilitate the adhesion of nanoscaled proteins. The
bioactivity, in terms of Ca/P formation ability, and corrosion resistance were also enhanced by the presence of nanoporous oxide layer on the
EBM-produced Ti64 and Ti2448 scaffolds. The nanoporous structure produced by electrochemical process on the EBM-produced Ti64 and
Ti2448 scaffold surfaces performed as a stimulus to motivate the signaling transduction to mediate the cell responses, including cell adhesion,
proliferation and differentiation, of human bone marrow mesenchymal stem cells. The results of this study provide advanced information on the
surface modification of EBM-produced T64 and Ti2448 scaffolds in orthopaedic implant applications.

153

a90873

01-P310

Detonation nanodiamonds: the effect of size and surface chemistry on protein corona composition and human
cell behavior
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Sciences, Prague, Czech Republic，3Institute of Organic Chemistry and Biochemistry of the Czech Academy of Sciences, Prague, Czech Republic，4Faculty of Electrical Engineering, Czech
Technical University, Prague, Czech Republic，5Institute of Pathological Physiology, First Faculty of Medicine, Charles University, Prague, Czech Republic
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Various materials are used for production of different nanoparticles (NP), which provide promising features for biomedical application as a
targeting carrier for drugs, genes or imaging agents1. The surface chemistry, zeta potential, and surface dipoles are important characteristics
enable spontaneous and efficient adsorption of molecules from biological environment e.g. proteins. On the other hand, adsorbed molecules
may modify NP properties and even cause loss of specificity in their targeting2. Thus, attention should be paid to the influence of NP size and
surface modification for controlling their biological activity1.
Detonation nanodiamonds, i.e. DND, are interesting for medical applications thanks to their excellent biocompatibility, chemical and optical
properties as well as relatively low-cost synthesis3. Use of DNDs for drug adsorption, targeting, and release has been successfully exploited for
the treatment of tumors4. However, interactions among DNDs and molecules from their environment are still not fully clarified.
In this work, we firstly characterize effect of DNDs with different mean size (2 and 4 nm) and surface chemistry (hydrogen or oxygen groups)5
on two types of cells – SAOS-2 and hMSC. Secondly, we studied formation and composition of protein corona on these different types of
DNDs, which occurs on particles in contact with biological fluids (e.g. cultivation medium with serum). Our experiments revealed that
hydrogenated DNDs cause morphological signs of heavy cellular distress to both tested cell types. We identified proteins binding onto the
DNDs by LC-MS/MS. The analysis detected number of proteins common to all types of DNDs but also several unique proteins in dependence
on DND size and/or surface modification. The precise knowledge of protein corona composition and identification of NP interactions in
biological environment can help in innovation of targeting carriers without loss of specificity.

1. Su, G. et al. ACS Appl. Mater. Interfaces 8, 30037–30047 (2016).
2. Salvati, A. et al. Nat. Nanotechnol. 8, 137–143 (2013).
3. Lai, L. et al., A. S. J. Nanosci. Nanotechnol. 15, 989–999 (2015).
4. Ho, D., et al. Sci. Adv. 1, e1500439–e1500439 (2015).
5. Stehlik, S. et al. ACS Appl. Mater. Interfaces 9, 38842–38853 (2017).
This study was supported by the Visegrad Group and Japan joint grant No. 8F15001 and by National Sustainability Program No. LO1503,
Ministry of Education, Youth and Sports.
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Study on cell fusion-mediated transdifferentiation via a novel approach
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One of the ultimate goals of regenerative medicine is to substitute damaged cells and/or tissues.
To realize this, the processes of transdifferentiation or reprogramming have been accomplished by cell fusion or iPS cell method.
In this study, we investigated the possibility of transdifferentiation of human cell through cell fusion with mouse cell. Because we aimed to
develop a novel way of cell fusion between two different species and to identify the characteristics of fused cells such as transdifferentiation.
Particularly, we used a microfluidic chip which enables to make cell fusion without nucleus mixing because several issues like pluripotency
which would be occurred after cytosol exchange are still subject to attractive and undiscovered field for regenerative medicine.
We furthermore aim to investigate reprogramming using embryonic stem and somatic cells such as fibroblasts with this technology. This
approach will be useful in a variety of ways to induce direct transdifferentiation or reprogramming and to study the process of those.
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Anti-inflammatory drug-eluting implant model system to prevent wear particles induced osteolysis
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Aseptic loosening, as a consequence of an extended inflammatory reaction induced by wear particles, has been classified as one of the most
common complications of total joint replacement (TJR). During last 5 years, aseptic loosening was recorded as the reason for revision in more
than 46% of TJR single stage procedures. Despite it is high incidence, in the last decade any therapeutic approach has been found to treat or
avoid aseptic loosening, leaving revision as only effective treatment for this condition. The local delivery of anti-inflammatory drugs to
modulate wear-induced inflammation has been regarded as a potential therapeutic approach to avoid aseptic-loosening. In this context, we
developed and characterised an anti-inflammatory drug-eluting implant model system. The model system was obtained by covalently
conjugating dexamethasone to carboxyl-functionalised TiO2 particles, obtained by using either, amino or mercapto silane agents. Zeta
potential measurements, thermogravimetric analysis (TGA) and drug loading results suggest that dexamethasone was successfully loaded into
the carboxyl-functionalised TiO2 particles. Transmission electron microscopy (TEM) images showed that dexamethasone loaded particles
maintain their spherical-like shape with a 20-25nm diameter and narrow size distribution. The model-system was then tested for its cytotoxic
and anti-inflammatory properties in a LPS-stimulated murine macrophage-like cell line, RAW 264.7. Here we showed that dexamethasone
released from carboxyl-functionalised TiO2 particles was able to decrease LPS-induced nitric oxide (NO) production by ~60%, when compared
to LPS control-group treatment, at non-cytotoxic concentrations.
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Oxygen nanobubbles for the effective delivery of oxygen and drug molecules

Jonghoon Choi
Department of Biomedical Engineering, School of Integrative Engineering, Chung-Ang University, Seoul, Korea

In this study, we prepared nano-sized oxygen bubbles. Nano-sized oxygen bubbles were effectively delivered to cells to help rehabilitate
oxygen-deficient cells. It is also demonstrated that oxygen nanobubbles can reverse hypoxic environment of tissues to normal state. Anti-tumor
drug molecules loaded onto the surface of nanobubbles were effectively delivered to the cancer cells, and a synergistic increase of the drug
effect due to the increase of the local oxygen concentration could be demonstrated. These oxygen nanobubbles are expected to be useful for
oxygen and nutrient delivery in three dimensional cell clusters and/or tissues such as organoids.
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Bacterial attachment to nanostructured surfaces

Pawel Kallas1，Mats Hulander2，Håkon Valen3，Martin Andersson2，Håvard J Haugen1
1
Department of Biomaterials, Institute of Clinical Dentistry, University of Oslo, Oslo, Norway，2Department of Chemical and Biological Engineering, Chalmers University of Technology,
Göteborg, Sweden，3Nordic Institute of Dental Materials, Oslo, Norway

Oral cavity is populated by more than 700 prokaryote species. Some of them play no significant role in our daily life, but presence of the others
may lead to gum disease, such as periodontitis, or tooth decay, which could result in tooth replacement with dental implant [1]. That gives
bacteria opportunities to colonize new areas (surface of the implant) and as a result - infect host’s body [2,3]. Nowadays, many implants are
coated with nanoparticles, which might present different properties, such as antimicrobial activity.The influence of distance between
nanoparticles on bacteria adhesion is not well known yet and our experiments aim to examine that relation by characterizing attachment of
bacteria present in oral cavity (Streptococcus mitis) and those that are prevalent species associated with infections of medical devices
(Staphylococcus aureus and Staphylococcus epidermidis). Nanostructured surfaces were fabricated by functionalizing substrates, so negatively
charged nanoparticles could attach to them. To perform bacterial studies within a single experiment, nanoparticle gradients were formed. The
gradients have been characterized by using scanning electron microscopy (SEM). Bacteria were injected on the nanostructured surfaces and
different time points of attachment were examined. Number of bacteria attached to the surface was calculated using ImageJ.

References:
[1] Aas JA, Paster BJ, Stokes LN, Olsen I, Dewhirst FE. Defining the Normal Bacterial Flora of the Oral Cavity. J Clin Microbiol, Nov 2005,
43(11): 5721–5732.
[2] Buddula A. Bacteria and dental implants: A review. Journal of Dental Implants, Jan-Jun 2013, Vol 3, Issue 1.
[3] Shahabouee M, Rismanchian M, Yaghini J, Babashahi A, Badrian H, Goroohi H. Microflora around teeth and dental implants. Dental
Research Journal, Mar 2012, Vol 9, Issue 2.
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Polypropylene Fumarate-Functionalized Graphene Oxide Composite Scaffold for Tissue Engineering
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Despite that all biocompatible materials used until now for scaffold fabrication, especially for bone reconstruction, fulfilled most of the
requirements for an ideal scaffold; there are still few limitations that many times are essential for a good functioning of the new tissue and
patient safety (1). For example, using pre-formed implants for bone regeneration involves a complex and high cost surgical technique which
sometimes leads to patient discomfort and complications requiring a subsequent surgical procedure for replacement. Moreover, it is difficult to
obtain a scaffold which perfectly fills irregular-tissue defects. Furthermore, pre-formed scaffolds usually use toxic chemical cross linkers. In
addition, the risk of migration of the implant is higher (2).
The main aim of this study is to perform chemical modification by grafting polypropylene fumarate (PPF) on the graphene oxide surface which
will act afterward as compatibilizer between graphene oxide and the polymer matrices and dispersion of functionalized graphene oxide (PPF)
into PPF matrix. The functionalized GO are further used to develop injectable, mechanically strong scaffolds for bone tissue engineering
applications.

References:
1.Yodmuang S, McNamara SL, Nover
AB, Mandal BB, Agarwal M, Kelly TAN, Chao PG, Hung C, Kaplan DL, Vunjak-Novakovic
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Development of Mesoporous Magnetic Hydroxyapatite Nanocrystals for Drug Release
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Mesoporous magnetic hydroxyapatite nanocrystals (MPmHAp NCs) are successfully prepared through one-step co-precipitate process. From
the results, the MPmHAp NCs keep HAp lattice structure and have short rod-like morphology with superparamagnetic property. The size of
MPmHAp is 60-80 nm in length and 10-20 nm in width. It also has excellent cell viability when coculture with 3T3 cells in vitro. In addition,
MPmHAp NCs not only possess mesoporous architecture with high surface area for effective drug loading capacity and drug release. The above
results indicate that the biocompatible MPmHAp NCs show great potential as multifunctional therapeutic nanoagent for biomedical application
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Stem cell membrane-cloaked gold nanorods for efficient cancer photothermal therapy

Won-Kyu Rhim，Kyoung-Won Ko，Deogil Kim，Sunghyun Park，Soo-Hong Lee*
Department of Biomedical Science, CHA University, Gyeonggi, Korea

Gold nanorods (AuNRs), which have tunable near-infrared (NIR) absorption and intrinsically high photothermal conversion efficiency, have been
actively investigated as photothermal conversion agents for photothermal therapy (PTT). The short blood circulation lifetime and poor in vivo
distribution of AuNRs, however, limits their tumor uptake and thus in vivo applications. Here we show that such a limitation can be overcome
by cloaking AuNRs with stem cell membranes, with top-down approach.
The surface of nanoparticles coated with cell membrane determines their in vivo behavior. Especially, the stem cell membrane-cloaked
nanoparticles can achieve special properties such as serum stability, tumor tropism, long circulation time and immune escaping (avoid RES)
owning to membrane antigens and membrane structure.
For more specific affinity to tumor region, chemically engineered synthetic lipid-peptide was incorporated into natural cell membrane. The
cloacking of stem cell membranes over AuNR surface does not alter the unique plasmonic property of AuNRs, and the resulting stem cellmembrane coated AuNRs exhibit good colloidal stability.
The resulting particles are thoroughly characterized using SDS-PAGE, western blotting, zeta potential analyzer, TEM, etc. They show special
property originated from both stem cell membrane and synthetic lipid-peptide conjugates.
The work presented here provides a new angle on the design of biomimetic hybrid nanoparticles for efficient tumor targeted photothermal
therapy.
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Silk Fibroin biomaterial based organoid model of human hair follicle

Abhishak C Gupta，Shikha Chawla，Sourabh Ghosh
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Human hair Dermal Papilla cells (DP) are specialized mesenchymal cells that play pivotal role in hair regeneration and hair neogenesis. We
aimed to develop a 3D organoid model of dermal papilla with or without silk-gelatin based biomaterial microenvironment to enhance hair
follicle inductive properties. We observed increased expression of DP specific gene in 3D DP spheroid culture system, resulting in enhanced
extracellular matrix production. Interestingly, this in vitro 3D organoid model encapsulated in silk-gelatin hydrogel with the presence of
keratinocytes and stem cells, highlighted the structural features, cell-cell interaction and hypoxia in elucidating the molecular mechanisms to
stimulate cell proliferation, cell viability and elevated expression of DP markers as well as epithelial-mesenchymal crosstalks. It’s demonstrating
high relevance to human hair follicle neogenesis. Further, we tested feasibility of using this DP spheroid model for drug screening, by using
minoxidil, which is a known drug for androgenic alopecia. Minoxidil treated DP spheroids showed enhanced expression of growth factors and
ECM proteins. This simple in vitro DP organoid model system has potential to generate significant insight into underlying mechanisms of hair
follicle morphogenesis, and can be used for controlled evaluation of efficacy of series of new drug compounds.
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Semi-synthetic hydrogel matrices for studying differences in cell behavior in 2D and 3D microenvironment
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Cells in vivo are arranged in a complex microenvironment consisting mainly of extracellular matrix (ECM) and soluble factors. Researchers have
tried to replicate the ECM by utilizing artificially engineered matrices to provide support for cell growth. Our group has developed semisynthetic matrices consists of polyethylene glycol diacrylate and gelatin methacrylate which will be used to study how cells respond to
different micro-environment. The main advantage of these hydrogels is that we can control the stiffness and degradability by varying the
composition of the respective polymers. These matrices were characterized for morphology, pore size, stiffness, degradation and swelling ratio.
Further, we wanted to study the cellular fate processes on these semi-synthetic matrices. We chose MDA-MB 231 breast cancer cell line as a
model system for our studies. We have seen differences between cells cultured on traditional 2D petri plates and those cultured on the surface
of or embedded within these hydrogels. We have looked at various aspects such as morphology and migration of cells in these matrices, their
gene expression profile related to epithelial to mesenchymal transition, their matrix metallo proteinases (MMPs) secretion profile and
cytoskeletal organization. Our results suggest that cellular phenomenon is influenced not just by matrix properties such as stiffness,
degradability or cell adhesivity but also depends upon the context in which these are presented to cells. This work has implications in
understanding processes involved in cell invasion, cancer metastasis which may subsequently help in developing platforms for drug screening
applications.
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3D Microfluidic Co-Culture System Mimicking Brain Tissue

Jin Kim，Jisoo Shin，Jong Seung Lee，Seung-Woo Cho
Department of Biotechnology, Yonsei University, Seoul, Korea

In conventional in vitro culture system, cells are cultured on mechanically inappropriate 2D flat surface with bulk media supply, which is
different from in vivo microenvironment. In brain tissue, neuronal cells are surrounded by soft 3D extracellular matrices (ECMs) interacting with
neighboring cells including endothelial cells forming blood vessel by direct contact and secreted signaling molecules. By modulating these
microenvironments, the neural stem cell can be controlled to differentiate into neuronal or glial cell types.
To control these microenvironments, we used microfluidic chip system combined with 3D hydrogels, which can give more physiologicallyrelevant condition compared with 2D platform. Here, we report a brain-mimicking 3D microfluidic co-culture system guiding human neural stem
cell (hNSC) differentiation by co-culturing with human endothelial cells (hECs). The precisely designed micro-dimension chip allows highly dense
cell seeding, facilitating direct contact to hECs and accumulated paracrine factors guiding hNSC differentiation. We adjusted the mechanical
properties and ECM compositions of the hydrogel to the native brain tissue, which could generate sufficient biophysical support while giving an
appropriate stem cell niche.
In conclusion, the hNSCs co-cultured with hECs in the 3D microfluidic chip showed enhanced glial differentiation near hECs, which is similar to
cellular morphogenesis in a native brain tissue. Our results showed this system could facilitate in vivo-like conditions along with suitable
biophysical stimulation, guiding both hNSCs and hECs to form brain mimetic morphology and physiology.
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Induction and Modulation of Immune Response for Tissue Regeneration  
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In adult mammals, very few tissues have the ability to fully regenerate; among them are bone marrow, liver, intestinal epithelium, and
epidermis. Any other tissue simply undergoes a healing process (HP), rather than a proper regeneration and functional restoration. HP is a welldocumented series of events that typically result in the deposition of dense fibrous connective tissue, within the injury. Scar formation is the
final step of HP, and it often impacts the functionality of the damaged tissue, compromising the recovery of tissue’s function. The complex
process of HP is characterized by sequential cellular pathways, of which macrophages are one of the most important players. Macrophages are
one of the first cell types to reach the site of injury, and become activated in response to signals present in the damaged area. In a dichotomist
and simplistic way, these cells switch their phenotype from pro-inflammatory (M1s) to alternative activate (M2s). While M1s activate the
inflammatory response, M2s appear later on at the site of injury and start to prime the HP. This innate mechanism could be exploit and trigger
by tissue engineering approaches in order to promote regeneration.
Toward this aim, we recently explored different biomimetic approaches to target the anti-inflammatory-mediated response of macrophages, to
achieve a better and faster healing. Firstly, we functionalized a collagen based scaffold with glycosaminoglycans, which are actively involved in
anti-inflammatory processes. Secondly, we released bioactive molecules (i.e. IL-4) by encapsulating them in microparticles, to promote
macrophages’ polarization towards the M2 lineage.
All of these platforms have been characterized in vivo in subcutaneous models, to explore the different mechanisms induced by the different
strategies. We performed PCR arrays, ex vivo cytofluorimetry and histological analysis, in order to deeply understand the process of
macrophages’ infiltration and polarization induced by the selected biomaterials. Thus, we studied how the tuning of the early steps of
inflammation impacted biomaterial’s integration with the surrounding tissues.
Altogether, our results confirmed that it was possible to engineer the composition of biomaterials to selectively target specific macrophages
phenotypes. Our approaches to promote tissue regeneration leverage on an innovative perspective for the development of immunomodulating
biomaterials for tissue engineering
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Bio-inspired organic/inorganic substrate for bone regeneration: Where physics meets biology
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Bone tissue engineering aims to design biomaterials with controlled features to guide stem cells (SCs) fate towards osteoblast lineage without
addition of osteogenic factors. Because bone is composed of organic as well as inorganic material, organic/inorganic composites would
provide a suitable microenvironment in which material affects SCs commitment into bone lineage. Using versatile biological methodologies, we
herein address the effect of bio-inspired coating made of calcium phosphate, chitosan and hyaluronic acid (CaP-CHI-HA) on human SCs in view
of a potential bone commitment without addition of osteogenic factors. Behavior of SCs on CaP-CHI-HA was followed through expression of
integrins, reorganization of cytoskeleton, deformation of nucleus and chromatin condensation (mechanobiological events involved in
osteoblastic commitment). After only 5 days, SCs cultured on CaP-CHI-HA formed colonies with polygonal shaped cells expressing α2/β1
integrins localized at cell junctions along with recruitment and stabilization of vinculin at focal adhesion complexes. In contrast, cells on
coverslips (used as control) kept their fibroblastic shape with a lack of integrins expression and a vinculin distributed throughout the cell body.
Moreover, polygonal cells exhibited perpendicularly oriented F-actin fibers gathering around the nuclei compared to embedded nuclei within
parallel F-actin network for elongated cells. Furthermore, atomic force microscopy nano-indentation revealed a stiffer cytoplasm (24.8 ± 0.5 vs
8.7 ± 2.5 kPa) for SCs on CaP-CHI-HA. Finally, image-processing techniques showed a noteworthy increase in nuclear volume, sphericity and
chromatin condensation for SCs on CaP-CHI-HA. These results reflect an osteoblast commitment, which was further confirmed through
expression of runt-related transcription factor-2, osteopontin and osteocalcin (bone related markers) and secretion of osteoprotegerin and
vascular endothelial growth factor, factors involved in bone homeostasis. These significant data shed light on the potential application of bioinspired CaP-CHI-HA, as a coating with intrinsic biophysical and chemical cues, in providing a suitable environment for stem cells bone
regeneration.
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Bioactive characteristics on bone regeneration with octacalcium phosphate crystals grown with natural polymers
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Octacalcium phosphate (OCP) has been postulated as one of precursors to apatite crystals in bone and tooth (Brown WE et al. 1966). We
have found that synthetic OCP enhances additional bone deposition on cortical bone surface and bone regeneration in critical-sized defects in
various animal models, if implanted, compared to hydroxyapatite (HA) materials including Ca-deficient HA (i.e. Suzuki O et al. Biomaterials
2006). Furthermore, it was apparent that OCP is capable of enhancing initial stages of osteoblastic differentiation (Anada T et al. Tissue Eng
Part A 2008), the late differentiation to osteocytes (Sai Y et al. Acta Biomater 2018) and osteoclast formation from bone marrow cells together
with osteoblasts (Takami M et al. Tissue Eng Part A 2009) therefore can be used as a suitable bone substitute material clinically (Kawai T et al.
J Tissue Eng Regen Med 2017). Thus, OCP has stimulatory capacities on bone tissue-related cells to accelerate bone formation. However, it is
still unclear how the material characteristics in OCP relate to its bioactive property. In the present study, OCP was wet-synthesized in the
presence or absence of natural polymers, such as collagen and gelatin molecules in the solutions and analyzed to the effect of the presence of
the molecules to regulate the crystal growth of OCP by transmission electron microscopy, scanning electron microscopy, Fourier transform
infrared and Raman spectroscopies. Bone regenerative capacity of OCP crystals included in the porous gelatin matrix materials was studied by
implanting them in critical-sized rat calvaria defects up to 12 weeks. After decalcification and hematoxylin and eosin staining of the calvaria, the
bone formation rate was determined by histomorphometric analysis. Collagen orientation in newly formed bone matrix was measured after
picrosirius red staining as an indicator of the bone quality. The results show that (1) the morphology and the crystallinity of OCP were distinct
in the type of natural polymers included in the preparation; (2) the inclusion of the co-precipitated OCP crystals in the gelatin matrix enhanced
bone regeneration and the collagen orientation compared to the matrix materials only. These results suggest that the crystalline properties of
OCP obtained through the precipitation with natural polymers affect the bone regeneration process by this material.
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Continuously Graded Reduced Graphene Oxide 3D Scaffolds for Bone Regeneration  
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Tissue formation in our body is driven by the spatial and temporal distribution of continuous gradients in mechanical and biochemical signals.
Currently available additive manufacturing (AM) technologies are limited to discrete gradients production, resulting in bi/triphasic or
multilayered scaffolds, whose functionality relies on a good interface between layers. Here, with a newly developed single-head AM melt
extrusion technique, we aim at the creation of scaffolds with continuous gradients in material composition to promote osteogenic
differentiation of human mesenchymal stromal cells (hMSCs) in a segmental bone defect.
Graphene-based polymer composites have recently drawn enormous attention for biomedical applications. Varying reduced graphene oxide
(rGO) concentration continuously in a single filament while printing, enabled to spatially control the mechanical, electrical and chemical
properties of the final gradient scaffold, which have a high impact in osteogenesis. Melt blended PEOT/PBT – rGO composites were prepared
to study the effect of rGO in the physico-chemical properties of the composite prior to printing. By increasing the rGO concentration up to 10
wt% rGO, the elastic modulus in compression increased from 125 to 150 MPa. Moreover, the electrical properties of the material were
noticeably enhanced, from a non-conductive to tens of M Ω electric resistance. Importantly, higher protein absorption was achieved with higher
rGO content.
Notably, cell adhesion and proliferation were significantly enhanced in 3D scaffolds made with composites of only 3 wt% rGO (single
concentration, 250 µm filament diameter, 500 µm pore size). In addition, while in control scaffolds alizarin red stain showed matrix
mineralization over the scaffolds cross sections after 3 weeks culture in differentiation media, this was observed after only 1 week in 3 wt%
rGO scaffolds. The early osteogenesis on these scaffolds was further confirmed with the expression of the osteogenic markers ALP, RUNX2 and
Collagen type I. Ultimately, the new AM technology enabled the fabrication of a continuous filament gradient scaffold with varied rGO
concentration from 0 to 3 wt%. Compared to similar technologies, continuous gradient scaffolds closely mimicking the in vivo environment
could provide hMSCs with the adequate stimulus for bone formation.
Acknowledgments: We are grateful to H2020-NMP-PILOTS-2015 (GA n. 685825) for financial support.
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Biomaterial scaffolds for bone marrow mesenchymal stromal cell (BMSC) therapy targeting bone regeneration require macro-porosity for cell
and tissue infiltration, and micro- and nano-porosity to improve osteoinduction. This study compares two calcium phosphate (CaP) ceramics
sharing the same interconnected macro-porosity but possessing different micro-porosity.
Calcium deficient hydroxyapatite (CDHA) scaffolds were prepared by foaming a liquid phase (1 wt.% Tween 80) and a powder phase (α
-tricalcium phosphate (α -TCP) with 2 wt.% hydroxyapatite (HA) and 10 wt.% Pluronic F-127) at a ratio of 0.65 mL/g. β-Tricalcium Phosphate
(β-TCP) scaffolds were obtained by sintering CDHA scaffolds at 1100°C. The scaffolds were evaluated in vitro by culturing human BMSC and
peripheral blood monocytes, with differentiation towards osteoblasts and osteoclasts, respectively. To investigate osteoinduction in vivo,
3 × 106 bone marrow MSC were seeded onto the biomaterials and overlain over critical sized cranial defects in nude mice. Masson trichrome
staining showed bone, while TRAP staining identified osteoclasts.
Total porosity of both scaffolds was 82 %, with interconnected macropores with a pore entrance size of 80 mm. CDHA presented additional
pores in the nanometric range (between 0.01 and 0.3 mm) and in the micrometric range (2 mm) while β-TCP showed bigger pore sizes (2.5
mm). The microstructure of CDHA consisted of combined crystal structures of needles and plates, while β-TCP displayed the typical sintering
necks and polyhedral crystal grains. SSA of CDHA was 17.2 m2/g, while β-TCP was 0.60 m2/g. CDHA scaffolds showed osteoinductive
properties, while β-TCP scaffolds exhibited osteoconductive properties only. BMSC significantly enhanced bone formation. While no difference
in the quantity of new bone formed was observed between biomaterials, the distribution was significantly different, whereby CDHA scaffolds
contained bone dispersed throughout the entirety of the scaffold, while bone was formed only along the edges of BMSC deposition in the bTCP
scaffolds. These results suggest that the novel biomimetic low-temperature CDHA is an interesting biomaterial and clinically relevant for bone
regeneration strategies.
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Pre-Magnetic Treatment and Electrolysis Methods as A Novel Strategy to Obtain Collagen and Apatite-based
Multi-layered Scaffold  

Vincent Irawan，Toshiyuki Ikoma
Department of Materials Science and Engineering, Tokyo Institute of Technoloy, Tokyo Japan

Osteochondral (OC) region is a monolithic tissue with three different layers consisting of cartilage, calcified cartilage, and subchondral bone,
each of which shows different physical and chemical properties such as stiffness and composition. Thus, scaffolds intended for OC injury should
mimic such layered structure. In this study, we aimed to synthesize tri-layer monolithic scaffolds using apatite, iron oxide and collagen; 1st and
2nd layers were made of collagen with large/small pores including iron oxide, and 3rd layer was of a porous apatite body. Cylindrical apatite
porous body (d = 25 mm, t = 2 mm) with pore size of ~200 μm were sintered. A mixture solution of collagen and phosphate buffer saline
(PBS) was then added into the porous body. After gelation at 28 °C, apatite-collagen gel composites were placed in a cylindrical mold. A
suspension of collagen and iron oxide nanoparticles (IONP) was poured on the top of apatite-collagen gels. The IONP was accumulated by
placing magnet on the bottom of the mold. Lastly, the Pt electrodes were hold on the top and bottom of the mold, and electrolysis was
conducted with bottom side as cathode. The final gels were subjected to freeze-drying. During electrolysis, it was observed that collagen gel
grows from cathode side to encapsulate apatite porous body and region of densified IONP and continue to form gel’s part without IONP. Such
configuration was retained after freeze-drying process. Morphological analyses revealed three regions of completely different pore sizes joined
in seamless manner. Apatite porous body apparently retained its initial pore size, while collagen-IONP (2nd layer) and collagen-only region (1st
layer) exhibited pore sizes of 73 ± 33 μm 321 ± 136 μm, respectively. The accumulation of IONP at 2nd layer caused the lowering of
collagen pore sizes during freeze drying. Compressive test and MG-63 culture experiments showed the benefit of incorporation of apatite body
to improve the mechanical properties and osteogenic activities of final scaffolds.
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Biocompatibility of Novel Electrically Conductive Scaffolds
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Experimental Biology, Faculty of Science, Masaryk University, 625 00 Brno, Czech Republic，4Institute of Macromolecular Chemistry, Academy of Sciences of the Czech Republic, 162 06 Prague
6, Czech Republic

Bioelectricity plays a crucial role in a variety of cellular processes, such as cell division, cell signalling, and differentiation, as well as on the
tissue level, e.g., in wound healing or angiogenesis. Knowledge of bioelectricity has led to the application of conducting materials in
regenerative medicine and the tissue engineering of electrically excitable tissues, as well as in the field of bio-sensing. Conventional materials
however demonstrate number of disadvanteges f.e. different elasticity. Polyaniline cryogel is a new unique macroporous form of polyaniline
combining both an intrinsic electrical conductivity and the material properties of hydrogels. The low cytotoxicity of polyaniline cryogel
determined using mouse embryonic fibroblasts according to ISO 10 993 show high potential of cryogel for before mentioned applications.
Moreover, the embryotoxicity was determined b evaluation of the formation of beating foci within spontaneous differentiating embryonic stem
cells. Low cytotoxicity and embryotoxicity was related to low contents of low-molecular-weight impurities in polyaniline cryogel, which was
confirmed by liquid chromatography. To show the cell compatibility, the adhesion and growth of embryonic stem cells, embryoid bodies,
cardiomyocytes, and neural progenitors as used. Results show that polyaniline cryogel has the potential to be used as a carrier for cells in
tissue engineering or bio-sensing but additional surface modification using bioactive compounds will be necessary. Based on the determined
surface energy, elasticity and porosity it can be concluded that cryogel can be used for preparation of materials mimicking the properties of
native tissues.
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Controlled Release of Growth Factors from Multifunctional Fibrous or Bioactive Scaffold for Functional Recoveries
in Crushed Sciatic Nerve
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In this study, we designed and fabricated a multilayered fibrous scaffold capable of the controlled release of multiple growth factors for sciatic
nerve regeneration in rats. The scaffold consists of three layers prepared by sequential electrospinning, where the first layer is fabricated using
polycaprolactone(PCL)-aligned electrospun nanofibers for the attachment and differentiation of cells toward the direction of the sciatic nerve.
The second and third layers are fabricated using poly(lactic-co-glycolic acid) 6535 (PLGA 6535) and 8515 (PLGA 8515), respectively. The
resultant three nanofiber layers were stacked and fixed by incorporating hydrogel micropatterns at both ends of nanofiber scaffold, which also
facilitated the surgical handling of the multilayered scaffolds. The PLGA layers acted as reservoirs to release growth factors neurotrophin (NT3), brain-derived neurotrophic factor (BDNF), and platelet-derived growth factor (PDGF). The different biodegradation rate of each PLGA layer
enabled the controlled release of multiple growth factors. In a rat model, the injured nerve was rolled up with the multilayered scaffold loading
growth factors, and behavior tests were performed. The analysis revealed that the fast release NT-3 and BDNF from PLGA 6535 and
subsequent slow release of PDGF from PLGA 8515 proved to be the greatest aid to neural tissue regeneration. This study demonstrated that
our multilayered scaffold performs a function that can be used to promote locomotor activity and enhance nerve regeneration in combination
with align-patterned topography and the controlled release of growth factors.
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Design of β -hairpin Peptides Incorporating RGDS for Tissue eEngineering Scaffold     
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The crystal structure of OspA revealed that this protein has an unusual architecture: it is dumbbell-shaped and contains a three stranded
“single-layer” β-sheet in the center. The single-layer β-sheet segment is rich in polar amino acids, and its amino-acid sequence does not follow
the canonical, alternating hydrophobic/ hydrophilic pattern usually found in amphipathic b-sheets. We were selected the “single-layer” β
-hairpin peptide sequence: KSSTEEKFNEKGE- LSEKKITRA(KSS) [2] in OspA. Basically, β-hairpin and β-strand peptides were formed selfassembling nanofiber structure because of existence of inter molecular interaction. Thus, we discuss the relationship “single-layer” β-hairpin
sequence and aggregation (gelation) mechanism.
The “single-layer” β-hairpin peptide was combined with cell adhesive motif derived from cell adhesive protein. Fibronectin has the RGDS
sequence from the extracellular matrix protein as a model bioactive ligand. This sequence interacts with cell surface integrin receptors, plays a
critical role in cell adhesion, behavior and signaling and is the minimum motif required for cell adhesion on a surface. We designed OspA based
“single-layer” β-hairpin peptide: KSSTEEKFNEKGELSEKKITRA (KSS) and KSSTEEKFNERGDLSEKKITRA (KSSRGD).
Hydrogel was prepared by mixing of peptide solution and PBS solution. Rheological character of hydrogels was measured by rheometer.
These peptides were applied for the cell culture plate surface and 3D culture scaffold. The cell adhesion activity was assessed by L929 cell
onto KSS and KSSRGDS peptide-immobilized TCP. These “single-layer” β-hairpin peptide peptides have possibility for application of tissue
engineering or regenerated medicine.
[1] Li. H. Dunn, et. al., Proc. Natl Acad. Sci. USA 94, 3584-3589 (1997).
[2] S. Koide, et. al., Nature ,403, 456-460 (2000).
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Molecularly Imprinted Gelatin-Based Hydrogel for Tissue Engineering Applications: Physicochemical Properties
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Investigación y Asistencia en Tecnología y Diseño del Estado de Jalisco, A.C. Zapopan, Jalisco, Mexico，3Tissue Engineering, Cell Therapy and Regenerative Medicine, Instituto Nacional de
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Porosity is an essential property in the fabrication of scaffold for tissue engineering applications. Pores should be large and interconnected to
allow cell growth and cell migration, facilitating the transfer and permeation of solutes as nutrients, metabolites, oxygen, waste, drugs, among
others. Water uptake increases the size pore and reduces the mechanical properties of hydrogels, compromising the structural stability of the
scaffold. The most common techniques used to create porosity are cryogenic and freeze-drying process, depending on the material used to
fabricate the scaffold. The aim of the present investigation was fabricated gelatin-based polymer scaffold using a cryogenic process following a
freeze-drying process and chemical treatment based on molecular imprinting technology (MIT). In order to evaluate the relationship between
the impacts of scaffold preparation MIT technique in the pore size, we analyzed morphology using confocal microscopy, water uptake, and
rheological properties. Hydrogel showed a highly hydrophilic behavior, with a water uptake capacity from 14 times their own mass.
Morphology of hydrogel showed high porosity using confocal microscopy (> 100 μm). Along the entire frequency range, G’ modulus higher
than G’’ modulus, indicating a predominantly solid viscoelastic. At lower frequency (0.1 rad/s), G’ modulus and Ǵ́ modulus showed values of
5600 and 313 Pa, respectively. Based on the results, a gelatin-based hydrogel can be used as scaffold promising for tissue engineering
applications.
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Effect of electrospun nanofibers morphology on the differentiation of mesenchymal stem cells
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Mesenchymal stem cells (MSCs) are widely used in Tissue Engineering applications due to their ability to differentiate into various cell types
such as chondrocytes [1] and neural cells [2]. MSCs fate could be influenced by the interaction between cells and the topography, porosity and
mechanical properties of the extracellular environment. [3,4]. Electrospinning is a well-known technique to obtain 3D scaffolds able to mimic
the nanoscale structural organization of ECM. It is a versatile technique allowing to use both natural and synthetic polymer and to obtain a fine
control over the scaffold geometry [5]. The aim of this work was studied the effect of random and aligned nanofibrous membranes based on
synthetic polyurethane on the growth and proliferation of MSCs. Morphological analysis showed homogeneous diameters (~400 nm)for both
membrane types. Atomic force microscopy was used to evaluate how soft and hard segments of polyurethane arranged after the
electrospinning process and to evaluate the mechanical behavior scaffolds. To determine how the fibre orientation affects the proliferation of
MSCs, cells were seeded on to the membranes and cultured for 14 days under normal conditions. Cell viability was assessed by nondestructive resazurin metabolic activity assays. Cell-scaffold interactions were observed using traditional fluorescence and SEM; results showed
that cells grew in response to fibre orientation: aligned orientation supported higher proliferation compared to random fiber orientation.
Moreover cell differentiation assessment performed by gene expression analysis through digital droplet-PCR demonstrated that MSCs cultured
on oriented fibres lost their stemness (CD29 and CD44 decreased) and increased the differentiation potential (collagen increased expression).
In conclusion, electrospun membranes based on synthetic polyurethane are promising substrates to promote growth and differentiation of
mesenchymal stem cells, furthermore surface nanoscale fibre properties could be modified in order to enhance the differentiation process.
References
1. Bean AC, Tuan RS. Biomedical Materials. 10, 015018, 2015.
2. Prabhakaran MP, Venugopal JR, Ramakrishna S. Biomaterials. 30 (28), 4996, 2009.
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Shape-Memory ɛ-Polycaprolactone-Silk Fibroin Anchoring Scaffold for Annulus Fibrosus Repair
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Introduction: Intervertebral disc degeneration with an associated bulged/herniated disc is a significant cause of low back pain [1]. Current
treatments are not able to promote annulus fibrosus (AF) repair which can result in re-herniation [2]. A successful AF repair strategy should
provide biomechanical stability to seal AF defects while promoting cell survival and extracellular matrix deposition. The current objective was
to design and fabricate a biodegradable shape-memory ɛ-polycaprolactone (PCL)-silk fibroin (SF) anchoring scaffold, which can be delivered
minimally invasively, to seal a ruptured AF from within, and simultaneously allow tissue regeneration.
Methods: Photo-crosslinkable polycaprolactone diacrylate was synthesized with either 15 or 95% degree of acrylation (PCL 15 and PCL 95).
Ten porous PCL-SF shape-memory scaffolds of each (PCL 15 and PCL 95) were fabricated by a solvent-casting particulate-leaching method.
Scaffold morphology was evaluated using SEM. The tensile strength and compressive modulus were determined with a loading rate of 2 mm/
min.
Results: No significant differences were observed between the porosity of PCL 15 and PCL 95, and both scaffolds showed a highly
interconnected porous cross-section with an average pore size of 278 and 223 µm, respectively. The tensile strength of the PCL 15 and PCL 95
was 2.56 and 4.59 MPa, and the elongation at failure was 61.64 and 43.42%, respectively. The compressive modulus at 30% strain of PCL 15
and PCL 95 scaffolds was 0.76 and 1.30 MPa, respectively.
Discussion: The pore size of our scaffolds were in the range (200-600 µm) that has been shown to increase AF cell attachment and matrix
accumulation [3]. The tensile strength of PCL-95 was in the range of native AF tissue measured in the radial direction and comparable to those
of other scaffolds studied for AF regeneration [4]. The higher degree of acrylation of PCL 95 provides more functional groups for PCL to react
during photo-crosslinking, likely contributing to the higher tensile strength. In future research, the self-fitting behaviour of the shape memory AF
repair construct and its biocompatibility will be evaluated to measure cell survival and extracellular matrix deposition as well as its integration
with AF tissue.
References:
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Efficacy of Titanium-Wollastonite in promoting Mesenchymal Stem Cell Growth
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Titanium-ceramic scaffolds enables many novel approaches in modelling, design and fabrication of complex materials with enhanced
functionality to improve cell-material interactions. They are mainly used as a mechanical support for cells but is not specifically designed to
interact with desired cell populations; yet the initial interaction between cells and the scaffold is very important and will determine the success
or failure of the engineered device. Data that would be presented would include its surface characteristics which shows SEM, AFM, XRD and
EDX spectrometry which helped identify the surface topography as well as the amount of calcium and cellular presence contained within the
scaffold. In addition, data on the mesenchymal stem cell attachment onto the material was also brought to light showing positive attachment
through the live and dead stain study. A study concerning the leached out property of the scaffold will also be shown through mass
spectroscopy. The preliminary results displayed non-lethal analytes that have been leached out which are comprised of calcium and
phosphorus and this can be further metabolised by the cellular environment. In addition, the cytotoxicity tests conducted that show greater
support for the metal-ceramic scaffolds when compared to scaffolds comprising of their individual components .This would be compared with
titanium-hydroxyapatite which is a contender of this study as this study is to prove that Titanium-Wollastonite would dominate TitaniumHydroxyapatite in most of its aspects.
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Isolation and characterization of nanorod shaped crystalline hydroxyapatite from parrotfish bone
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Hydroxyapatite (HA) has been widely used in bone tissue engineering due to its excellent biocompatibility and osteoconductivity. Parrotfish
(Scarus collana) is a member of Scaridae family mainly found around the coral reefs of the western Atlantic Ocean and the Red Sea. The
objectives of the study were to i) isolate the HA from the fish bone ii) characterize the physico-chemical properties and iii) compare the
osteogenic potential of fish bone derived HA (FHA) with synthetic HA (SHA) using mesenchymal stem cells. The fourier transform infrared
spectroscopy (FT-IR) results suggested that the isolated HA is carbonated, and X-ray diffraction (XRD) results revealed that the HA is coherent
with the standard Joint Committee Power Diffraction Standard Data (JCPDS). The results suggested that the developed FHA were nanorod
shaped with a particle size of 40-100 nm. In vitro biologic activities suggested enhanced biocompatibility, higher alkaline phosphatase activity
and mineralization ability of the fish derived HA compared to synthetic HA. These observations confirm that the HA derived from fish bone is a
better alternative to synthetic HA and have the potential for use as a bone scaffold.
Acknowledgments: This research was supported by a grant from Marine Biotechnology Program (20150220) funded by the Ministry of Oceans
and Fisheries, Republic of Korea.
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A novel microgrooved collagen scaffold for tendon tissue engineering
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Introduction
Tendon tissue engineering seek to create scaffolds that reproduce the biophysical environment of the native tissue. Mechanical stimuli1 and
anisotropic topographies2 have shown to enhance the expression of tenogenic markers in stem cells in vitro. Few scaffold designs to date allow
for the synergistic application of multiple biophysical cues, while being biodegradable. Recently, we developed a simple method to fabricate
microgrooved collagen films able to withstand cyclic mechanical forces and to align human bone marrow stromal cells (hBMSCs) in vitro.
Methods
Microgrooved collagen scaffolds were produced by solvent casting. Briefly, porcine type I collagen solutions were cross-linked with 4-arm PEG
1mM (4SP) at different pH and temperatures (To), and poured on top of microgrooved (2x2x2µm) PDMS moulds. Gelation kinetics was
analysed by rheometry. Collagen gels were left to dry either in a laminar flow hood or under vacuum. Drying profiles were assessed by sample
weight loss. Resulting collagen films were analysed with SEM and AFM.
Alignment of hBMSCs seeded on the films was assessed with DAPI and rhodamine conjugated phalloidin staining.
Results and discussion
The cross-linking effect of 4SP on collagen could be conveniently modulated by adjusting pH and To. In the presence of 4SP, high pH( 7.4) and
To (37oC) resulted in short gelation times (<1min), while low pH (4) and To (21oC) considerably extended the time for gelation ( ≈ 10min).
Samples dried under vacuum showed a much more linear and slow dehydration profile as compared to the flow hood-dried counterparts (3
and 1 day to reach plateau, respectively). Surprisingly, only vacuum-dried low-pH and To cross-linked samples did reproduce the pattern in a
uniform manner as assessed by SEM and AFM. Fast gelation it is likely preventing the collagen solutions from infiltrating in the PDMS
micrometer topographies. A large number ( ≈80%) of hBMSCs cultured on these films showed to perfectly align along the microgrooves.
Conclusion
Solvent casting on PDMS moulds represents a fast, simple and reliable technique to produce micro-sized topographies on collagen scaffolds.
Protein and gene expression analysis on hBMSC cultured on static and cyclic loaded films are currently underway to assess the influence of
these biophysical cues on cell lineage commitment.
References
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Fabrication and characterization of new hybrid gelatin-based hydrogels for developing skeletal muscle constructs
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Hydrogels based on gelatin methacrylate (GelMA) are well-knowed biomaterials for tissue engineering applications.1–3 However, soft GelMA
hydrogels show high degradation rates, while stiffer hydrogels compromise the viability of encapsulated cells.4 To reduce the degradation rates
independently from the mechanical properties, we fabricated different gelatin-based biomaterials by adding Alginate methacrylate (AlgMA),
Carboxymethyl cellulose methacrylate (CMCMA), or Poly (ethylene glycol) diacrylate (PEGDA). Hybrid hydrogels were photocrosslinked in the
presence of either lithium phenyl-2,4,6-trimethylbenzoylphosphinate (LAP) or Irgacure 2959,5 as a photoinitiator, using a 3D bioprinter. We
studied the impact of these composites on the mechanical properties, swelling ratio, porosity of the hydrogels, and the degradation rates
under the effect of collagenase II.
Our results show the feasibility of tailoring hydrogel properties, such as stiffness or porosity varying the composition, the photoinitiator or the
UV exposure time. Furthermore, the addition of CMCMA and AlgMA show slower degradation rates under the treatment of collagenase than
GelMA hydrogels. Also, we are able to generate micropatterned structures by using a 3D bioprinter, despite combining different materials.
Moreover, we studied the viability, proliferation, and myotube differentiation of encapsulated C2C12 cells.
In conclusion, by adding AlgMA or CMCMA in GelMA hydrogels we improved the mechanical stability and we reduced the degradation rate
while maintaining its bioadhesive capabilities. So, GelMA-CMCMA and GelMA-AlgMA are promising hybrid biomaterials for tissue engineering
applications.
1 J. W. Nichol, S. T. Koshy, H. Bae, C. M. Hwang, S. Yamanlar and A. Khademhosseini, Biomaterials, 2010, 31, 5536–5544.
2 J. Ramón-Azcón, S. Ahadian, M. Estili, X. Liang, S. Ostrovidov, H. Kaji, H. Shiku, M. Ramalingam, K. Nakajima, Y. Sakka, A. Khademhosseini and
T. Matsue, Adv. Mater., 2013, 25, 4028–4034.
3 J. Ramon-Azcon, S. Ahadian, R. Obregon, G. Camci-Unal, S. Ostrovidov, V. Hosseini, H. Kaji, K. Ino, H. Shiku, A. Khademhosseini and T. Matsue,
Lab Chip, 2012, 12, 2959–2969.
4 C. B. Hutson, J. W. Nichol, H. Aubin, H. Bae, S. Yamanlar, S. Al-Haque, S. T. Koshy and A. Khademhosseini, Tissue Eng. Part A, 2011, 17, 1713–
1723.
5 B. D. Fairbanks, M. P. Schwartz, C. N. Bowman and K. S. Anseth, Biomaterials, 2009, 30, 6702–6707.
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[Introduction]
Decellularized tissue is known to have inductive properties and is widely used as scaffolds to reconstruct functional tissue. Extracellular matrix
(ECM) hydrogels have been considered to have several advantages including the ability to quickly fill irregularly shaped spaces, the suitable
support for host cell infiltration and remodeling, and the inherent bioactivity of native matrix. However, the decellularized tissue was mainly
prepared using detergents, and toxicity of detergent residual and tissue damage can be concerned. In this study, we tried to prepare the ECM
hydrogels derived from the decellularized urinary bladder matrix (UBM) and small intestinal submucosa (SIS) prepared by high hydrostatic
pressure (HHP) method, and investigated the characteristics of both of the ECM hydrogels.
[Methods]
The UBM and SIS were obtained by mechanical removal of the tunica serosa and tunica muscularis externa. The decellularized UBM and SIS
were prepared by two different methods: 1) detergent and 2) HHP. Decellularization efficiency was evaluated using hematoxylin-eosin (H-E)
staining and DNA quantification. The solubilized ECM was prepared, and the gelation kinetics was determined turbidimetrically as previously
described1. The structure of ECM hydrogels was characterized by scanning electron microscopy.
[Results&Conclusions]
Complete removal of the cells was confirmed through H-E staining and DNA quantification. The gelation kinetics was much faster the
solubilized detergent-ECM than the solubilized HHP-ECM. SEM images demonstrated that the HHP-ECM hydrogel possesses homogenous
microfibrils structure compared with detergent-ECM hydrogels. It was suggested that HHP method have relatively less impacton the tissue than
detergent method. The HHP-ECM hydrogel could be useful for biomedical applications.
[References]
1. Wolf MT, Daly KA, Brennan-Pierce EP, Johnson SA, Carruthers CA, Antonio D’Amore, Nagarkar SP, Velankar SS, Badylak SF. Biomaterials. 33,
7028, 2012.
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The synergistic effects from Intra-articular Injection of  N-Acetylglucosamine and Hyaluronic acid with Acellular
PLGA Scaffolds for Osteochondral Defect Repair in Rabbits  
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INTRODUCTION: Repairing damaged articular cartilage is particularly challenging because of the limited self-repair ability of hyaline cartilage.
Glucosamine (GlcN) and N-acetylglucosamine (GlcNAc) have used as supplements for the treatment of osteoarthritis for several years with
ability in cartilage protection. However, through either oral administration or intravenous injection (IV), the diffusion of GlcN from the circulation
into the joint is very inefficient. Besides, Intra-articular injections of Hyaluronic acid (HA) (i.e., viscosupplementation) have approved worldwide
for the treatment of pain associated with OA of the knee.
METHODS: We investigated the effects from intra-articular injection of GlcNAc and HA combined with acellular PLGA implants in
osteochondral defect in rabbits, respectively and synergistically. Twenty-four rabbits were randomized into one of four groups: the scaffold-only
group (PLGA) and the scaffold with intra-articular injection of three supplements such as GluNAc, HA and GluNAc with HA (PLGA+G, PLGA+HA,
PLGA+G+HA). Macroscopic appearance, histology, which were identified using H&E staining, total collagen and alignment, studied qualitatively
using Masson’s trichrome staining, glycosaminoglycan (GAG), identified using Alcian blue staining, and newly formed bone, observed using
micro-CT, were evaluated at 4 and 12 weeks after surgery.
RESULTS SECTION: The three intra-articular injection groups exhibited similar effects with nearly normal articular surfaces, significantly higher
bone volume and trabecular thickness values than the PLGA group at 4 weeks and 12 weeks. Among the three intra-articular injection groups,
PLGA+G group exhibited remarkable cartilage regeneration and PLGA+HA group had integrating architecture in bone regeneration; however,
the combination of N-acetylglucosamine and hyaluronic acid together with acellular PLGA implantation performing cartilage and bone
regeneration simultaneously could significantly promote the full-thickness osteochondral regeneration in rabbit knee joint models.
DISCUSSION: In our study, intra-articular injection of these two supplements combined with acellular PLGA scaffold appeared better effects on
osteochondral regeneration. The phenomenon from the cartilage regeneration including great gross appearance, hyaline-like cartilage and
bone regeneration, well collagen alignment and abundant amount of GAGs expression also observed.
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Influence of Mechanical Strength of Gelatin grafted Poly(D,-L-Lactide) based Three Dimensional Scaffolds on Cell
Proliferation
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Surface and mechanical properties of the biomaterials are determinants of cellular responses. In our previous study, star-shaped poly(D,LLactide)-b-gelatin (ss-pLG) was reported for possessing improved cellular adhesion and proliferation. Here, we extended our investigation to
establish the cellular compatibility of gelatin-grafted PDLLA with respect to mechanical properties of biological tissues. In this view, linear
PDLLA-b-gelatin (l-pLG) was synthesized and tissue-level compatibility of 1-pLG and ss-pLG against fibroblasts (L929), myoblasts (C2C12) and
preosteoblasts (MG-63) was examined. The cell proliferation of C2C12 was significantly higher within l-pLG scaffolds, whereas L929 showed
intensified growth within ss-pLG scaffolds. The difference in cell proliferation may be attributed to the varying mechanical properties of
scaffolds; where the strength of l-pLG scaffolds was notably higher than ss-pLG scaffolds, most likely due to the variable levels of gelatin
grafting. Therefore, gelatin grafting can be used to modulate mechanical property of the scaffolds and this study reveals the significance of the
matrix strength to produce the successful 3D scaffolds for tissue engineering applications.
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Silk Fibroin Hydrogels with Different Biodegradation Rates to Improve Cardiac Function after Myocardial
Infarction

Yusuke Kambe，Tetsuji Yamaoka
Department of Biomedical Engineering, National Cerebral and Cardiovascular Center, Osaka, Japan

Intracardiac hydrogel injection is a promising therapy to suppress the negative remodeling and to regenerate myocardial tissues after
myocardial infarction (MI). Both mechanical strength and bioactivity are important hydrogel properties to prevent post-MI remodeling.
However, the mechanism of this therapy remains unclear. Here, we focused on hydrogel biodegradation because the balance of the following
two events is assumed to influence the remodeling response: structural reinforcement of left ventricular (LV) wall by an injected hydrogel; and
replacement of the hydrogel by regenerated tissues. Previously, we revealed the time profile of silk fibroin (SF) hydrogel degradation in vivo.
After implantation, a SF hydrogel allows endothelial cell infiltration, followed by macrophage migration into the hydrogel to degrade the SF
network. In this study, to change the SF hydrogel biodegradation, we modified the hydrogel with a peptide which stimulates endothelial cell
infiltration. This modification resulted in a 1.3-fold increase in the hydrogel degradation speed in vivo, thereby providing slowly (without the
modification; LowDeg) and rapidly (with the modification; HighDeg) degradable SF hydrogels. A rat MI model, whose % fractional shortening
(%FS) was <25%, was prepared by a permanent ligation of the left anterior descending coronary artery. The model rats received
intramyocardial injections of either the LowDeg or HighDeg hydrogels. The injections increased %FS over 25% throughout 12 weeks postinjection for three of five rats in the LowDeg group. In contrast, one of five rats in the HighDeg groups showed the improved cardiac function.
Histological evaluations demonstrated that the LV wall of the LowDeg group was thicker than that of the HighDeg group. This study showed
the importance of hydrogel biodegradation rate in the hydrogel injection therapy.

a91856

01-P342

Leaves-inspired micro- and nanostructures as functional scaffolds for stem cell and tissue engineering

Daun Kim，Dohyeon Lee，Sunho Park，Woochan Kim，Sungmin Park，Sujin Kim，Jangho Kim
Department of Rural and Biosystems Engineering, Chonnam National University, Republic of Korea

The various surfaces in nature have great potential in both the academia and the industry. In particular, the lotus leaves surface exhibit a
unique surface consisting of evenly distributed micro and nanoscale structures (i.e., called as ‘lotus effect’ (superhydrophobic property)). For
these reasons, many studies were performed about the lotus effect to design and manipulation of engineering platforms or devices. With this
consideration, various natural leaves have unique micro and nanoscale structures that can have controlled hydrophilic and hydrophobic
properties. Here, we report on the tunable replication of surface topographies of natural leaves of common camellia, Fragrant plantain, and
lotus onto thin polymeric films using a capillarity-directed soft lithography technology. To this end, the surfaces of natural leaves were first
replicated using polydimethylsiloxane (PDMS) as molds. The poly( ε -caprolactone) (PCL) film was then coated on the glass using spin-coating
technique. Finally, the PCL-based unique micro- and nanostructures of natural leaves were generated using PDMS molds. The micro and
nanostructure, chemical composition, wettability was characterized using scanning electron microscopy, atomic force microscope, Fourier
transform infrared spectroscopy, X-ray diffraction, and contact angle measurement. We also demonstrated that the replicated polymeric
surfaces had different hydrophilic and hydrophobic properties according to the mimicking the natural leaf surfaces. Finally, we propsoed that
leaves-inspired micro- and nanostructures could be used as functional scaffolds for stem cell and tissue engineering. Our new platforms ould be
used as a simple, but powerful methodology for design and fabrication of controlled hydrophilic and hydrophobic platforms for biomedical
applications.
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Polydopamine coated-radially aligned fibrous scaffolds for guiding directional cell migration

Young Min Shin，Jeong-Kee Yoon，Ju Young Park，Seong Mi Yu，Jin You，Hak-Joon Sung，Jung Bok Lee
Dept. of Biomedical Science, College of Medicine, Yonsei University, Seoul, Republic of Korea

Accelerated migration of adjacent tissue toward the defect shortens tissue regeneration time in a large tissue defect. Little has been explored
on guiding cell migration from all fronts of defect boundary towards the center. Here, we demonstrated the influence of radially aligned fibrous
scaffolds (RAFS)-coated with polydopamine to guide migration of human mesenchymal stem cells (hMSCs). RAFS was electrospun using a
collector with a set of electrodes, each constructed with a metallic ring and a point. The polydopamine was then coated by dipping the
scaffolds in a dopamine solution (PD-RAFS). The RAFS exhibited radial distribution of the fibers from the peripheral region toward center, and
polydopamine was coated over the surface. hMSC grew in an elongated form toward the center along the fiber direction. In particular, the
polydopamine coating improved adhesion and spreading of hMSCs on the scaffolds while preserving initial cell orientation. The hMSCs moved
toward the center of the scaffolds at the border of the seeded area; it was enhanced in the order of PD-RAFS > RAFS > random fibrous
scaffolds. Therefore, PD-RAFS can be utilized as an alternate scaffold that can lead fast and directional migration of cells for the tissue
regeneration.
Acknowledgments:
This work was supported by a grant from the National Research Foundation (NRF) of Korea, which is supported by the Korean government
(MEST) (NRF-2017R1D1A1B03031656).
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Effects of Collagen on Physical and Mechanical Properties and Flavonoid Released of Thermosensitive Chitosan/
Collagen Hydrogel
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1
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Prathumthani

Objectives: The study aimed to fabricate thermosensitive chitosan-collagen hydrogel (ch-col) as control release of flavonoid, Quercetin (QT),
and to investigate effects of collagen contents and concentrations of ß-Glycerophosphate (bGP) on properties of the hydrogels.
Materials and methods: To fabricate bGP-ch-col hydrogel, chitosan 2% in 0.1M acetic acid was mixed with 1% atelocollagen in different weight
ratios: Groups A, chitosan alone (Ch), B, collagen alone (Col), C, 1:1 chitosan-collagen (1:1 Ch-Col) and D, 1:2 chitosan-collagen (1:2 Ch-Col).
Sol-gel transition was initiated by 4, 8 and 16% bGP (w/v) and temperature change from 4 oC to 37 oC. Hydrogels with QT 2mg/ml was
incubated in PBS at 37 oC. Then, rheological, mechanical and physical properties, microstructure were investigated and total flavonoid content
assay was performed to quantify amount of released QT in PBS.
Results: Beta GP-ch-col hydrogels were solidified at 37oC with different setting time. Beta-GP increased pH, decreased setting time and
increased mechanical strength of the hydrogels (p<0.05). Collagen contents increased porosity of the hydrogels. Swelling ratios, degradation
rates and mechanical strength of 1:1 and 1:2 ch-col hydrogels were not significantly different (p>0.05) but lower than chitosan alone (p<0.05).
Quercetin was gradually released from bGP-ch-col hydrogels. Amounts of QT released from 1:2 were consistently higher than 1:1 ch-col and
lower than chitosan alone hydrogels (p<0.05).
Conclusion: Properties and QT release of bGP-ch-col hydrogel were influenced by concentrations of bGP and collagen ratios. Thermosensitive
1:1 and 1:2 chitosan-collagen hydrogels are potential injectable scaffolds for natural flavonoid delivery and bone tissue engineering.
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Comparative Characterization of Chitosan/Gelatin/Geothermal Silica Biocomposites in Two-Dimensional Film
and Three-Dimensional Scaffold Forms

Yuni Kusumastuti1,2，Francisca Larasati1，Dwi Reinaldy Gunawan1，Mazaya Najmina1，Nur Rofiqoh Eviana Putri1，Himawan Tri Bayu Murti Petrus1，
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Scaffolds have an essential role in tissue regeneration by providing a supportive environment for cell growth. Incorporation of inorganic
materials such as silica for the modification of organic-based scaffolds has been extensively studied. Silica has the potential to improve the
properties of chitosan/gelatin scaffolds. In this study, the viability of geothermal silica from the previously unutilized products of geothermal
power plants as a biomaterial is explored. To better understand the fundamental characteristics of biocomposites, two-dimensional (2-D) films
and three-dimensional (3-D) scaffolds were fabricated. The 2-D films were prepared by drying at room temperature and ambient pressure while
the 3-D scaffolds were fabricated by freeze-drying. In addition to FTIR and SEM characterizations, swelling and degradation tests were
performed on the films and scaffolds. FTIR analysis indicates the presence of interactions between each component in chitosan/gelatin/
geothermal silica biocomposites. SEM analysis reveals interconnected pores formed by geothermal silica addition to the 3-D scaffolds.
Addition of geothermal silica decreased swelling and degradation rates of the biocomposites. These results indicate that geothermal silica has
a high potential to be used as an additive for controlling the physical properties of chitosan/gelatin scaffolds.
Keywords: chitosan, gelatin, geothermal silica, biocomposite, scaffold
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Tailored Surface Modification of Polycaprolactone Scaffolds for Improved Cell-Substrate Interactions

Michal Bartnikowski，Saso Ivanovski
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Polycaprolactone (PCL) is a biodegradable biomaterial polymer, frequently utilised with 3-dimensional (3D) printing technologies to form
scaffolds for tissue engineering. While readily biocompatible, PCL has an inherently hydrophobic nature that impairs its initial interactions with
proteins and cells. To overcome this, researchers typically modify the surface of PCL structures by exposing them to a strong base such as
sodium hydroxide (NaOH). These treatments vary widely in both concentration and exposure time, despite their prevalence in the literature.
Modification using a strong acid such as hydrochloric acid (HCl), has also been very rarely explored, despite its potential utility [1]. Further,
protein adsorption would form the initial systemic response in an in vivo environment. Despite this, induced protein adsorption, such as
through immersion of a construct in foetal bovine serum (FBS), has been largely underexplored for improving cell response.
In this study, we optimised 3D-printed PCL scaffold surface treatments by screening a wide range of exposures to NaOH and HCl, initially
assessing their effects on surface charge (Toluidine Blue), surface morphology (SEM), and mechanical properties (compressive testing). This first
screen allowed us to determine a range of chemical exposures that induced a significant change in the surface, but did not compromise the
structure of the scaffolds. We found that HCl exposure appeared to increase surface charge with limited morphological changes, while NaOH
exposure resulted in dramatic differences to both. We further shortlisted groups from this screening, and then exposed the selected groups to
bovine serum albumin (BSA) and FBS immersion to determine their protein binding over time. From this, we made a final selection of groups
and evaluated the surfaces using an osteoblast cell culture, assessing cell seeding efficiency (PicoGreen), morphology (DAPI/Phalloidin and live/
dead staining, SEM), and behaviour (ALP assay, gene expression).
We overall demonstrated that surface modifications of PCL scaffolds may be optimised and performed in a controlled manner, and these
modifications result in differences in surface protein adsorption, cell attachment, and cell morphology.
1. Saliema-Palate GP, Vidaurre A, Campillo-Fernandez AJ, Castilla-Cortazar, I. A comparative study on Poly( ε -caprolactone) film degradation
at extreme pH values. Polymer Degradation and Stability 130, August 2016.
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CHARACTERIZATION OF 3D (65:35) POLY(LACTIC-CO-GLYCOLIC ACID) INCORPORATED WITH FIBRIN AND
ATELOCOLLAGEN SCAFFOLDS USING SCANNING ELECTRON MICROSCOPY, POROSITY AND SWELLING TESTS

Muhammad Azri Ifwat Mohamed Amin1，Aisyah Hanani Md Ali @ Tahir1，AzranAzhim1，Mohamed Arshad Mohamed Sideek2，MunirahSha’ban2
1
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Scaffolds play a role as a temporary framework and an extracellular matrix substitute for cultured cells. They provide cells growth substrate and
promote mechanical integrity for the newly formed tissues. Previous studies indicated that there were many limitations when natural or
synthetic scaffolds material is applied individually. To overcome this, hybrid scaffolds have been introduced for tissue regeneration by studying
cellular interactions with relevant scaffolds. However, this present study only focused on fabrication and characterization of three-dimensional
(3D) poly(lactic-co-glycolic acid) (PLGA) incorporated with fibrin (PF), atelocollagen (PA) and both fibrin and atelocollagen (PFA) scaffolds
materials. The PLGA (mole ratio 65:35) scaffolds were fabricated using solvent casting and salt leaching method. The PA and PFA were
crosslinked using 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (EDC) and 20mM N-hyroxysuccinimide (NHS). The interaction of
incorporated scaffolds materials with PLGA were demonstrated through the notable peaks of amide bonds, as shown by the attenuated total
reflectance Fourier transform infrared (ATR-FTIR). Other evaluations included the observation using scanning electron microscopy (SEM), the
interconnection of pore structures (porosity), and water uptake capacity (swelling) of the scaffolds. The SEM showed the interconnection
between pores in the scaffolds. This is supported by the increased of total porosity in PLGA after the incorporation of fibrin, atelocollagen and
both fibrin and atelocollagen. Despite its hydrophobicity, PLGA alone group exhibited the highest percentage of water uptake compared to
other hybrid scaffolds namely PF, PA and PFA. Based on the preliminary results, the PLGA based scaffolds may have potential to be used in
tissue engineering application.
Keywords: PLGA, fibrin, atelocollagen
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Campus, and Tissue Engineering and Regenerative Medicine Research Team, IIUM for their support. The authors also expressed their gratitude
to Ministry of Science, Technology and Innovation (MOSTI) for providing Science Fund (SF14-012-0062), and Ministry of Higher Education for
providing Transdisciplinary Grant Scheme TRGS/1/2016/UIAM/02/8/2 (TRGS16-02-002-0002).
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Chitosan-grafted -poly(L-lactide) copolymeric scaffolds towards bone tissue engineering
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Biodegradable polymeric scaffolds are essential in bone tissue engineering. Chitosan (CS), a natural polysaccharide, is a biocompatible
biodegradable polymer widely used in tissue engineering. However, CS is slightly soluble in an aqueous culture medium with poor mechanical
properties. On the other hand, poly(L-lactide) (PLLA), a biocompatible biodegradable synthetic polymer has excellent mechanical properties.
Grafting a synthetic polymer along the CS backbone is an attractive way to regulate the physical and mechanical properties of CS. In this work,
we present the preparation of two CS-g-PLLA graft copolymers, CS-g-PLLA(20) and CS-g-PLLA(50), with 20 wt% and 50 wt% PLLA content,
respectively, as well as the evaluation of the morphology, viability, proliferation and osteogenic response of pre-osteoblastic cells on both
copolymers.
The CS-g-PLLA copolymers were synthesized by grafting PLA chains, bearing a terminal carboxylic acid group along the CS backbone. Discs of
the CS-g-PLLA(20) and CS-g-PLLA(50) copolymers were used to study the degradation profile, while the morphology, viability, proliferation and
osteogenic response of MC3T3-E1 pre-osteoblastic cells were examined onto copolymeric surfaces. The cell viability and proliferation were
assessed by the PrestoBlue® assay, while the osteogenic response was evaluated by the collagen production and calcium biomineralization.
We prepared CS-g-PLLA graft copolymers with PLLA content varying from 20 wt% to 50 wt%. FTIR and 1H-NMR spectroscopies verified the
presence of both the CS and PLLA segments in the copolymer. Analysis of the 1H NMR data allowed to calculate the copolymer grafting density,
which was found to be one PLLA chain every 180 CS monomer repeat units for CS-g-PLLA(20) and one PLLA chain every 25 CS monomer repeat
units for CS-g-PLLA(50). Degradation studies showed a total weight loss of 9% after 21 days in culture for both copolymers. Biological
experiments showed that both CS-g-PLLA copolymers promote pre-osteoblastic cell adhesion, viability and proliferation, and increase the levels
of osteogenic markers.
We have successfully synthesized novel CS-g-PLLA copolymers by grafting end-functionalized PLLA chains onto the hydroxyl groups of CS,
varying the PLLA content from 20 to 50 wt%. Cell culture experiments show strong cell attachment, increased proliferation and osteogenic
response of pre-osteoblastic cells on the CS-g-PLLA scaffolds.
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Mechanism and optimization study of amphiphilic block-copolymer in situ gelations as scaffolds for tissue
engineering
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The Objective of this study was to discuss the thermoresponsive / pH- sensitive polypeptide hydrogel properties and the potential of the
hydrogel in cell scaffolds. Methoxy-poly (ethylene glycol)-poly (ʟ-alanine) (mPEG-P(Ala)) is a well-known thermoresponsive polypeptide
hydrogel. By using mPEG-NH2 and N-carboxy anhydride-alanine (NCA-ʟ-alanine) through ring-opening polymerization. Afterwards, using
N-carboxyl anhydride β-benzyl ʟ-Aspartate/ ʟ-Lysine through ring-opening polymerization and removal of the benzyl protecting groups to form
the hydrogel, we have two kinds of hydrogel further, methoxy-poly (ethylene glycol)-poly (ʟ-alanine)-poly (ʟ-Aspartate), mPEG-P(Ala)-P(Asp) and
methoxy-poly (ethylene glycol)- poly (ʟ-alanine)-poly (ʟ-Lysine), mPEG-P(Ala)-P(Lys). We synthesized a series of mPEG-P(Ala) diblock copolymers,
mPEG-P(Ala)-P(Asp) and mPEG-P(Ala)-P(Lys) triblock copolymers and investigated the hydrophilic/ hydrophobic block length effect on the
secondary structure influencing the nanostructure of the self-assembled amphiphilic copolymers, the thermosensitivity of the hydrogels in
aqueous solution. In this study, we will explore the physicochemical properties of the copolymers in solubility and hydrogel forms were studied
in terms of their assembly and transition in response to temperature changes at first. Second, the study will be focused on demonstrating nontoxicity, biocompatibility, and biodegradability. We propose the use of a thermosensitive mPEG-peptide hydrogel as cell scaffold, even more for
growth factors delivery. Incorporation and release of molecules will be evaluated in vitro as proof of concept for proteins encapsulation and
growth factor in the cell scaffold. Taken together, we expect that the hydrogel will be excellent biocompatibility and low toxicity alone and as a
block copolymer. In the meanwhile, thermosensitive mPEG-peptide hydrogels are attractive candidates for proteins/peptide delivery and tissue
engineering applications.
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Mechanically competent amniotic membrane based composite scaffold for highly aligned tissue fabrication  
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The porous structure of electrospun fiber is favourable for constructing aligned engineered tissue substitutes. However, high porosity of
electrospun fiber also results in the weaker mechanical strength of the scaffold. In this study, we attempted to produce a mechanically
competent human amniotic membrane (HAM) based composite scaffold with aligned topography by fabricating electrospun PLGA fiber (EF) on
the membrane. HAM decellularization using thermolysin and sodium hydroxide effectively removed the amniotic epithelium without causing any
local tears. Electrospinning of PLGA yielded aligned fiber on HAM but longer deposition time resulted in the loss of alignment, higher fiber
diameter and weaker tensile strength of scaffolds when hydrated. Although no enhancement of skeletal muscle cell viability and migration rate
was detected on EF-HAM scaffolds, the cells displayed aligned orientation along the fibers compared to control and HAM alone. The analysis of
angiogenic factors in conditioned media (CM) derived from muscle cell-seeded scaffolds were performed using multiplex assay. The content of
angiogenic factors including angiogenin, CXCL8/IL-8 and VEGF-A secreted by muscle cell-seeded EF-HAM scaffolds were 1.69, 7.53 and 2.25
fold higher, respectively, than in control condition. CM from muscle cell-seeded EF-HAM scaffold also induced endothelial cell tube formation
on Matrigel confirming the favourable angiogenic properties of our construct. The CM derived from EF-HAM scaffolds induced an increase of
35.1%, 76.3% and 43.0% in the number of junctions, meshes and segments, respectively, compared to control. In summary, EF-HAM composite
scaffold design holds promising applications in aligned tissue reconstruction as it is mechanically competent, provides aligned topography to
cells and promoting angiogenesis.
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Polypyrrole/Alginate Hybrid Hydrogels: Electrically Conductive and Soft Biomaterials for Human Mesenchymal
Stem Cell Culture and Potential Neural Tissue Engineering Applications
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Electrically conductive biomaterials that can efﬁciently deliver electrical signals to cells or improve electrical communication among cells have
received considerable attention for potential tissue engineering applications. Conductive hydrogels are desirable particularly for neural
applications, as they can provide electrical signals and soft microenvironments that can mimic native nerve tissues. In this study, conductive and
soft polypyrrole/alginate (PPy/Alg) hydrogels are developed by chemically polymerizing PPy within ionically cross-linked alginate hydrogel
networks. The synthesized hydrogels exhibit a Young’s modulus of 20–200 kPa. Electrical conductance of the PPy/Alg hydrogels could be
enhanced by more than one order of magnitude compared to that of pristine alginate hydrogels. In vitro studies with human bone marrowderived mesenchymal stem cells (hMSCs) reveal that cell adhesion and growth are promoted on the PPy/Alg hydrogels. Additionally, the PPy/
Alg hydrogels support and greatly enhance the expression of neural differentiation markers (i.e., Tuj1 and MAP2) of hMSCs compared to tissue
culture plate controls. Subcutaneous implantation of the hydrogels for eight weeks induces mild inﬂammatory reactions. These soft and
conductive hydrogels will serve as a useful platform to study the effects of electrical and mechanical signals on stem cells and/or neural cells
and to develop multifunctional neural tissue engineering scaffolds.
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Synthesis of tyramine-conjugated chondroitin sulfate for the surface modification of magnesium substrate
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Magnesium (Mg) and its alloys have attracted great interest in the application for tissue engineering scaffold and cardiovascular devices due to
biodegradable metal. Because the degradation rate of pure Mg is too fast to meet the requirements for medical application, Mg alloys such as
an Mg-Y-RE alloy (WE43) are used for cardiovascular stents. However, the toxicity of the additional metals in Mg alloys has not been clarified
yet, and pure Mg must be used preferably. On the other hand, Mg and its alloys does not inherent the tissue regenerative capacity. Coating of
biodegradable polymers on Mg substrates could potentially delay the degradation rate. For example, Li et al. reported that a polylactic-coglycolic acid coating successfully alleviates cytotoxicity due to a delay of degradation rate of Mg-6Zn alloy 1). But, the biological functionalization
of Mg substrate cannot be achieved by polymer coating. We previously reported that peptides containing tyrosine residues are immobilized on
metal substrates through the direct oxidation from a hydroxyphenyl group to a quinone2). In this study, the conjugation of chondroitin sulfate
(CS) which can enhance osteogenesis and tyramine (Tyrm) with a hydroxyphenyl group was synthesized for the surface modification of Mg
substrate.
CS-Tyrm conjugates (CS-Tyrm) was synthesized using amidation reaction with 4-(4, 6-dimethoxy-1, 3, 5-triazin-2-yl)-4-methylmorpholinium
chloride (DMT-MM). Briefly, CS and Tyrm were solved in water, and then DMT-MM and N-methylmorpholine were added to allow the
amidation for 24 hours. We successfully obtained CS-Tyrm conjugates with different substitution ratios of Tyrm. CS-Tyrm was immobilized on
the alkaline-treated pure Mg plate by oxidation reaction resulting that water contact angle was decreased and Tyrm-derived N1s was detected
on Mg plate. It is expected that CS-Tyrm has potential abilities as a surface modifier of biodegradable Mg substrates for tissue engineering
scaffolds.
References:
1. Li JN, Cao P, Xhang XN, Xhang SX, He YH. In vitro degradation and cell attachment of a PLGA coated biodegradable Mg–6Zn based alloy. J.
Mat. Sci. 45, 6038, 2010.
2. Kakinoki S, Yamaoka T. Single-Step Immobilization of Cell Adhesive Peptides on a Variety of Biomaterial Substrates via Tyrosine Oxidation
with Copper Catalyst and Hydrogen Peroxide. Bioconj. Chem. 26, 639, 2015.
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The barnacles bond two different materials using secretion, which was constructed of multiprotein complex in water. It revealed that amino
acids sequence constructed by 20 residues (RRKYSGILGDLIQVAVIRYY: R-Y) plays an important role in retaining secretion strength and forms
stable b-sheet structure. R-Y peptide was formed self-assembling nanofiber structure because of existence of inter molecular interaction. These
self-assembling peptides were conjugated with cell adhesive motif derived from cell adhesive protein fibronectin. Fibronectin has the RGDS
sequence from the extra-cellular matrix protein as a model bioactive ligand. This sequence interacts with cell surface integrin receptors, plays a
critical role in cell adhesion, behavior and signaling and is the minimum motif required for cell adhesion on a surface.
We designed 3 types barnacles based self-assembling mimetic peptide:
RRKYSGILGDLIQVAVIRYYGRGDS (R-Y-RGDS)
RGDSGRRKYSGILGDLIQVAVIRYY (RGDS-R-Y)
RRKYSGIRGDLIQVAVIRYYGRGDS (R-RGDS-Y)
These peptides were synthesized by using Fmoc chemistry. Secondary structure of R-Y and RGDS containing three types R-Y mimetic peptides
were measured by CD and FT-IR spectra. Hydrogel was prepared by mixing of 1~3 % peptide solution and Eagle’s medium. Rheological
character of hydrogels was measured by rheometer. Internal structure of hydrogel was analyzed by SEM image. Three types R-Y mimetic
peptides were applied for the cell culture plate surface and 3D culture scaffold. The cell adhesion activity was assessed by L929 and hMSC cell
onto three types peptide-immobilized TCP. These self-assembling peptides have possibility for application of tissue engineering or regenerated
medicine.
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Preparation and Characterization of 3D Fibrous Cylinder type Scaffolds for Tissue Regeneration

Tae-Hee Kim，Chae-Hwa Kim，Jung-Nam Im
Korea Institute of Industrial Technology(KITECH), Ansan, Korea

The major challenges in tissue engineering are to design and fabricate a suitable scaffold to provide a three dimensional support for cell
migration, attachment, and proliferation. Ideal scaffolds for tissue regeneration should have extracellular matrix (ECM)-like structure such as,
interconnecting pores, biodegradability, elasticity, biocompatibility, and efficient cell attachment and growth. To design functional substitutes
for damaged tissues and organs, we have developed totally new concept of fibrous scaffolds by modifying existing textile manufacturing
process. We have developed novel three-dimensional fibrous poly(lactic–co-glycolic acid)(PLGA) scaffolds by using tubular knitting and draw
texturing process. The PLGA biodegradable multifilament draw-textured yarn is inserted inside a tubular knitted fabric made of PLGA. The
scaffold is designed to have high flexibility and porosity with aligned microfibrous bulky structure inside the tube having advanced biomimetic
structure for cell growth. Our scaffolds was easily fabricated into variety of shapes and sizes, and showed excellent 3-D structure with interconnecting pores, biodegradability, efficient cell attachment and proliferation. To control biodegradation rate of scaffolds, we also prepared
scaffolds by controlling mixing ratios of PLGA and Poly(lactic aicd)(PLA) filaments inside the 3D knitted tube. The results suggest that our
scaffolds are promising for clinical applications for tissue regeneration in orthopedics, cardiology, and general surgery, as well as cell culture
system for cell therapy.
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Fabrication of customized and flexible tubes on the basis of 3D printed sacrificial templates  

Suk Hee Park，Ji Eun Lee，Nak Kyu Lee
Micro/Nano Scale Manufacturing R&D Group, Korean Institute of Industrial Technology, Ansan-si, Gyeonggi-do, Republic of Korea

Recently, three-dimensional (3D) printing technology has received a great deal of attention in customized products, which require arbitrary and
adaptive shaping. A representative application in 3D printing of biomaterials is fabrication of tissue engineering scaffold. Despite the extensive
utilization of 3D printing, the direct printing of biomaterials has a limitation in terms of flexibility due to the original stiffness of material and limit
of processing resolution. Here, we successfully fabricated an ultrathin tubular freeform structure that has a wall thickness of several tens of
micrometers and is capable of providing sufficient mechanical flexibility. Such a thin geometry cannot easily be achieved by 3D printing alone;
therefore, it was realized through a serial combination of processes that included the 3D printing of a sacrificial template, the dip-coating of the
biomaterial, and the removal of the inner template. In addition to the flexibility caused by thin geometry, we suggest a further combinatory
method involving 3D printing, dip coating, and salt leaching for fabrication of 3D freeform porous tubes with softness. Owing to the porous
morphology and the controlled thickness, the processed tubular constructs had appropriate flexible properties which were comparable to the
native soft tissues with the moduli ranging in several MPa. Collectively, these results are expected to be universally applicable in engineering of
tubular shape tissues such as vascular, airway, and abdominal organs.
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Self-mineralising synthetic injectable hydrogels for bone repair

Manuel Schweikle1，Sindre Hove Bjørnøy2，Pawel Sikorski2，Håvard Jostein Haugen1，Ståle Petter Lyngstadaas1，Hanna Tiainen1
Department of Biomaterials, University of Oslo, Oslo, Norway，2Department of Physics, Norwegian University of Science and Technology, Trondheim, Norway
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Enzymatically cleavable PEG-co-peptide hydrogels are promising injectable scaffolds for bone tissue repair [1]. The relatively inert PEG matrix
can be tailored to mimic a mineralised tissue environment by adding calcium phosphate minerals. These provide cellular attachment sites and
serve as depots for the release of calcium and phosphate ions. Here, we co-precipitate calcium phosphate minerals simultaneously to gel
formation.
Mineralised hydrogels were formed by mixing 8-armed maleimide functionalised PEG macromeres and a synthetic peptide at controlled pH.
Phosphate and calcium ions were added to polymer and peptide component, respectively. The mineralisation process was spatiotemporally
observed by dark field optical microscopy. pH changes occurring throughout the mineralisation and gelation process were monitored using
confocal laser scanning microscopy together with a pair of pH sensitive and insensitive dyes [2]. Phase, morphology and distribution of formed
mineral were examined via Raman microspectroscopy and SEM as described previously [3].
The described process yields hydrogels with embedded mineral particles. Initially, precipitation of a disperse mineral phase of low crystallinity
throughout the gel network was observed for all tested groups. However, within minutes, these particles were consumed by fast growing
brushite crystals at the gel periphery. If citrate was added or calcium ions were partly replaced by zinc, however, no recrystallization was
observed. This is likely due to two different mechanisms: citrate adsorbs to the surface of initially formed amorphous particles hindering surface
nucleation, while zinc is incorporated into the lattice of the amorphous phase causing lattice distortions and preventing crystal growth. In both
cases, the formed particles exhibit high solubility compared to more crystalline phases suggesting easy remodelling and high availability of
calcium and phosphate ions. The described system presents a simple one-step setup to yield composite scaffolds with potentially high
osteogenicity.
References:
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2. Bjørnøy SH et al. Acta Biomater 44, 243, 2016.
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Micro-dimpled surface atelocollagen enhances the function of primary human hepatocytes

Tetsuro Sato，Kayoko Semura，Ichiro Fujimoto
KOKEN Research Center, KOKEN CO., LTD., Tokyo, Japan

Primary human hepatocytes (PHHs) are commonly used as the gold standard for drug development. However, maintaining functional PHHs in
vitro has been difficult in conventional collagen coat culture. We developed a new scaffold using atelocollagen. The scaffold consists of higher
amounts (mg/cm2 order) of atelocollagen, and it was exposed to ultraviolet radiation to induce cross-linking and improve stability. Observation
using scanning and transmission electron microscopy revealed that the micro-dimpled surface (MDS) scaffold comprised randomly arranged
atelocollagen fibrils. Thus, we named this collagen MDS atelocollagen. PHHs cultured on MDS atelocollagen were round with compact
cytoplasm, and they exhibited enhanced albumin secretion levels and elevated cytochrome P450 (CYP)3A4 activity. The expression of
hepatocyte-related genes such as serum proteins, drug metabolism-related CYPs and nuclear receptors was maintained in cells cultured on
MDS atelocollagen but not in those cultured via conventional collagen culture. Moreover, the abnormal gene expression of cell adhesion
molecules observed in conventional collagen culture was suppressed on MDS atelocollagen, suggesting behaviour similar to that of in vivo
hepatocytes. Therefore, our results suggest that MDS atelocollagen functionally enhances PHHs, conserving the usability of conventional PHHs
collagen coat cultures.
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synthesis and characterization of chitosan-hydroxyapatite thermogels for stem cell delivery
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Biomaterials play a predominant role in regenerative medicine and tissue engineering. Hydrogels are attractive biomaterials, composed of
three-dimensional polymer networks can direct cellular behavior and function. Thermogel is a class of hydrogel system, which presents in liquid
state at room temperature and tends to be in gel state at physiological temperature. Therfore, it is widely used as a carrier system for drugs,
biomolecules and cells. In this study, we report the synthesis of injectable macroporous thermogels based on Chitosan and picoscale
hydroxyapatite (PHA) suitable for human bone marrow-derived mesenchymal stem cells (hBMSCs) delivery. The hydroxyapatite was
synthesized via biomineralization process and was incorporated in the chitosan network. The synthesized thermogels have been examined for
their physicochemical properties and cellular compatibility. The hBMSCs were encapsulated within the gels and their adhesion and
proliferation was studied in 3D. The results showed an excellent cellular compatibility of the thermogel and it was also noticed that the
thermogel has facilitated cellular infiltration and proliferation in 3D owing to its macroporous structure. On day 7, the cell proliferation was
better in chitosan-pHA thermogel than in chitosan without pHA, indicating that pHA has facilitated the proliferation of hBMSCs. Furthermore,
the presence of pHA induced the initiation of hBMSCs differentiation by day 14. Based on the experimental data, thermogel is an excellent
candidate for stem cell delivery, particularly osteoregenerative applications.
References
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2. Gao et.al. Materials letters 93(2013) 312-315
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Biocompatibility of Porous Polycaprolactone Scaffolds with Incorporated Hydroxylated Multi-walled Carbon
Nanotubes Decorated with Magnetic Nanoparticles
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Poly( ε -caprolactone) (PCL) is a biocompatible and biodegradable polymer with numerous confirmed applications in tissue engineering and
medicine. In our study we prepared porous PCL scaffold using solvent casting/porogen leaching method. The PCL matrix was enriched with
nano-composites (NCs) made of hydroxylated multi-walled carbon nanotubes (MWCNTs-OH) and magnetic iron oxide nanoparticles (IONs).
Two types of NCs, with mass ratio of MWCNTs-OH to IONs of 1:1 and 1:4, were used. The intended aim of polymer modification was to
change physicochemical surface properties of scaffolds to affect the cell adhesion. Moreover, the presence of the IONs introduced the
possibility of remotely influence cells through magnetic field. Biocompatibility of free MWCNTs-OH and NCs dispersed in cell cultivation
medium at different concentrations (10-1000μg/ml) was estimated before biocompatibility tests of the PCL/NC scaffolds. The in vitro tests of
hybrid scaffolds were conducted on materials with various content of NCs ranged between 1-5 wt %. The biocompatibility tests were
performed using human osteoblastic cell line SAOS-2. Cell viability was measured using MTS metabolic activity test and additionally evaluated
by cell counting from microphotographs. Colonization of the scaffolds was also estimated using confocal images of fluorescently stained cells.
Phase contrast life-cell imaging was used to observe the interaction of cells with the MWCNT-OHs and NCs aggregates. The viability of cells
cultivated with the NCs dispersed in the medium was clearly dose dependent. At the lowest concentration (10μg/ml), NCs did not affect the
cell viability significantly. One order of magnitude higher concentration (100μg/ml) lowered the cell viability to half and the concentration
1000μg/ml of NCs killed almost all cells. The viability of cells cultivated on the hybrid scaffolds was either dose or type of NC dependent.
However, the results indicated that the MWCNT-OH component of the NCs was more responsible for the harmful effect. The lowest toxicity
exhibited the hybrid scaffold with 1 wt % of NC with MWCNT-OH/ION ratio of 1:4. This scaffold is the most promising for the subsequent
studies including electromagnetic stimulation of cells.
Acknowledgements: The study was supported by grant no. P108/12/G108 of the Czech Science Foundation, grant: UMO-2014/13B/
ST8/01195 of the NCN-National Science Center (Poland) and Institute of Macromolecular Chemistry CAS (RVO:61389013).
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Curcumin Immobilized Polymeric Scaffolds for the Detection of Radical Molecules
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In this study, curcumin-immobilized polymeric scaffolds were fabricated, and their implications for the detection of radical molecules were
investigated. Two kinds of polymeric scaffolds, based on poly(lactic-co-glycolic) acid (PLGA)/poly(lactic acid) (PLA) and chitosan, were
prepared. Morphology and porosity were analyzed by scanning electron microscopy. Curcumin was efficiently incorporated into PLGA/PLA
scaffolds via hydrophobic interaction, which resulted in fluorescence intensities in phosphate buffered saline solution for 3 days. These
fluorescence signals into PLGA/PLA scaffolds were greatly reduced by incubation with radical molecules. This radical-derived oxidation of
curcumin in PLGA/PLA scaffolds could be applied to ROS sensing in vitro.
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The size of composite strands in TE scaffolds – how important is and what can influence on?

Zaneta Gorecka，Emilia Choinska，Joanna Idaszek，Wojciech Święszkowski
Faculty of Materials Science and Engineering, Warsaw University of Technology

Tissue scaffolds obtained by Fused Deposition Modeling(FDM) method are made of layers of directionally aligned microfibers, using computercontrolled extrusion and deposition process. The material properties have the majority in creation of mechanical properties and cell-scaffold
interaction. However, the architecture of scaffolds is also very important. It is dependent on e.g. fiber diameter, pore size or pattern what
influence scaffolds’ properties like strength, stiffness or porosity. These properties play an important role not only in load transfer but also may
influence the cells response[1].
In this study we focused on various properties of poly( ε -caprolactone)-(PCL-) and poly(L-lactide-co-caprolactone)-(PLCL-)based composite
materials processed to obtain 250, 410 and 1070 µm single filaments. The fillers were hydroxyapatite (HAp) and barium sulfate which
increases the osteointegration and radiopaque properties, respectively. Single filaments were used in degradation and characterization
experiments, e.g. mass loss and water absorption calculations, microscopic observations, GPC, DSC, tensile test, uCT and cytotoxicity assay.
The obtained results showed strong difference between degradation processes of both materials. PLCL-based composite’s degradation was
size dependent whereas PCL-based was not. Difference in materials crystallinity and molecular mass distribution was observed when diameter
of filaments was considered. Moreover, there was the difference in mechanical properties depending on diameter in both materials. Micro
computed tomography showed the stability of visualization capabilities during degradation. Cytotoxicity assay confirmed the safety of
materials. Moreover, ongoing experiments will show the in vivo response.
It can be assumed that the dimension of fibers is one of the most important architecture parameter in simple FDM scaffolds. It is important not
only because of the architecture point of view, as it strongly influences on the pore size in Z-dimension of simple FDM scaffolds, but also from
degradation and stability point of view. Moreover, the materials have the contrasting properties which enable the visualization of the devices in
X-rays techniques[2].
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1. Zein I, Hutmacher DW, Tan KC, Teoh SH. Biomaterials 23, 1169, 2002.
2. Gorecka, Ż, et al., Journal of Materials Chemistry B 4(34), 5700, 2016.
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A New Technique To Retain Biomolecules On The Surface Of Ceramic Scaffolds

Iman Roohani，Panthipa Suwannakot，Fabio Lisi，Justin Gooding
University of New South Wales Sydney

Combining biological growth factors or certain biomolecules with ceramic scaffolds can promote the cell migration into the scaffold as well as
the differentiation into the specific cell type, and ultimately increase the formation of new bone. However, currently employed methods
experience insufficient local retention and require high amounts of growth factor to exert a biological effect, especially in vivo. In some cases,
rapid clearance of growth factors from implantation sites raises concerns over ectopic bone formation, pain and cancer risk. Here we report a
unique method, inspired by natural biomineralisation processes, which provides a robust protection of biomolecules by encapsulating them
within porous nanoparticles that are grafted to the surface of scaffolds, under physiological conditions.
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Tissue Adhesive, Rapid Forming, and Sprayable ECM Hydrogel via Recombinant Tyrosinase Crosslinking
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We report on a tissue adhesive hydrogel based on recombinant tyrosinase (Ty) mediated crosslinking. We tailored our adhesive hydrogels to
be injectable and sprayable for use in tissue engineering and in minimally invasive surgery. The adhesive hydrogels were fabricated by
combining tyramine-conjugated hyaluronic acid (HA_t, 1% w/v) and gelatin (3% w/v) with novel tyrosinase from Streptomyces avermitillis (SA_
Ty). The enzymatic crosslinking by SA_Ty was fast, with less than 30 seconds for complete gelation, and the SA-Ty based crosslinking
significantly enhanced the physical properties and adhesive strength of the hydrogel with the native tissue samples. Furthermore, by optimizing
the injection conditions, we tailored the adhesive hydrogels to be injectable and sprayable with a medical syringe and commercial airbrush
nozzle, respectively. An in vivo analysis of the adhesive hydrogel showed a low immune modulation. The recombinant tyrosinase crosslinked
hydrogel has a robust potential in tissue engineering and regenerative medicine.
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The Evaluation on Extracellular Matrix Compositions of Decellularized Meniscus Tissues by The Developed
Sonication Treatment for Tissue Engineering Application
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Darul Makmur, Malaysia，2Department of Physical Rehabilitation Sciences, Kulliyyah of Allied Health Sciences, International Islamic University Malaysia, Jalan Sultan Ahmad Shah, Bandar Indera
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Meniscus tissue plays important roles in the knee joints but unfortunately the injured tissue will have poor healing ability and requires great
interventions to overcome this traumatic injury. Tissue engineered scaffolds serve as one of the interventions to regenerate the required tissue
to treat early degenerative joint disease. In this study, the fabrication of decellularized meniscus scaffolds was prepared using developed
sonication decellularization system with 40 kHz ultrasound in 0.1% SDS solution for 10 hours treatment time. Sonication-treated scaffolds were
evaluated by histological analyses, biochemical assays and surface ultrastructure observation. Histological evaluation based on van Gieson
staining portrayed complete cellular components removal compared to control group. Picrosirius red staining and Safranin O/Fast green
revealed the well preservation of collagen and glycosaminoglycan (GAG) distribution within the treated scaffolds. Biochemical assays for DNA,
collagen and GAG showed markedly reduction in the quantification of the contents of each components respectively. The collagen
arrangement and orientation within the decellularized scaffolds were disrupted significantly which was evaluated through Scanning Electron
Microscope. Therefore, the results showed that the prepared bioscaffolds by sonication decellularization system managed to reduce the
immunogenicity of scaffold and successfully retained the properties of the extracellular matrix. Thus, it is a suitable decellularization method to
be used in tissue engineering applications.
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Effectiveness of a Combined Therapy which is Decompression Surgery with Platelet-rich Plasma Injections and
Wrapped Biodegradable Dermal Substitute for Preventing Recurrence of Carpal Tunnel Syndrome  

Mehmet Bozkurt，Perçin Caşkan，Bilgehan İlker，Can Uslu
Department of Plastic, Reconstructive and Aesthetic Surgery, Bagcilar Education and Research Hospital, University of Health Sciences, Istanbul, Turkey

Recurrence of carpal tunnel syndrome (CTS) can be seen up to 30 percent after surgical decompression of median nerve at wrist. Currently
nerve wrapping and ultrasound guided platelet-rich plasma (PRP) injection techniques are highly recommended for recurrent CTS. There isn’t
any study combining these two methods. The aim of this study is to evaluate the effectiveness of the combination therapy. In our study, there
were 10 patients under axillary block; after decompressing the median nerve, our procedure was wrapping the nerve with an acellular dermal
matrix in order to eliminate perineural fibrosis and fibrin sealant for stabilizing the matrix; and injecting PRP to the circumference of the nerve
for nerve tissue regeneration. After a month long recovery from revision surgery, patients had physical examination and imaging tests. All
patients had regression of symptoms and had acceptable results in static two-point discrimination test and median nerve conduction studies.
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Synthesized Magnesium-Zinc-Calcium Alloys with Improved Bio-corrosion Behavior for Bone Regeneration
Applications
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Biodegradable magnesium (Mg) implants are one of the attractive materials among other conventional non-degradable implants such as
titanium, stainless steels and cobalt-chromium alloys due to their well degradation behavior without toxicity effect. The mechanical properties
of Mg alloys are closed to that of natural bone and therefore by reducing stress-shielding in between Mg alloy and bone tissue can further help
bone healing. Beside tuning the degradation rate of the implanted scaffold, to assure providing enough space for new generated bone tissue,
the degradation product has to be considered as well when designing in organic implantable alloy. Considering the latter mention factor the
aim of the present research was synthesizing a new type of biodegradable Mg alloys comprising zinc (Zn) and calcium (Ca) as alloying
elements. While the amount of Zn element was fixed at 2 wt. % changing Ca concentration from zero to 1, 2 and 3 wt. %. The corrosion
behavior of Mg-2Zn-xCa (x = 0, 1, 2 and 3 wt. %) alloys was studied by potentiodynamic polarization (PDP) examinations and interestingly Mg2Zn-1Ca showed better result in comprising of Mg-2Zn-2 and 3 Ca alloys. Scanning electron microscopy (SEM) confirmed that the severe
corrosion observed for the pure Mg sample and Mg-2Zn-2 and 3 Ca alloys. Importantly, for heat treated Mg-2Zn-1Ca ternary alloy, the
presence of Ca2Mg6Zn3 intermetallic phase improved the corrosion resistance (Ecorr=-1.57 V and icorr=195 μA/cm2).
In order to find the biocompatibility of synthesized Mg alloys, indirect MTT viability test performed according to ISO 10993-5:2009 standard
with Adipose derived Mesenchymal Stem Cells (ASCs). The viability results indicate that Mg alloys have no significant toxicity effect on ASCs
viability; however the viability increased in Mg-2Zn-1Ca group. Also, direct ASCs culturing on the surface of Mg alloys represented good
attachment and proliferation.
New synthesized biodegradable Mg-2Zn alloy containing 1 wt. % Ca, which is the most abundant element in natural bone tissue, showed
considerable improvement in term of degradation product in compare to those of other conventional in organic scaffolds. The corrosion
behavior of pure Mg was significantly improved by addition only 2 wt. % Zn and 1 wt. % Ca, which besides providing high mechanical
properties makes it a suitable candidate for bone regeneration applications.
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Induced pluripotent stem cells (iPSC) have shown to differentiate to functional cardiomyocytes with high efficiency through temporally
controlled inhibition of the GSK3/Wnt signaling pathways. In this study we investigated the ability of temporally controlled release of GSK3/
Wnt small molecule inhibitors to drive cardiac differentiation of iPSC without manual intervention. Porous silica particles were loaded with
GSK3 inhibitor CHIR99021 or Wnt inhibitor IWP2, and the particles containing IWP2 were coated with 5wt% PLGA 50:50 to delay release by
approximately 72 hours. Induced pluripotent stem cells reprogrammed through mRNA transfection were cultured with these particles up to 30
days. HPLC suggests a burst release of CHIR99021 within the first 24 hours and a delayed release of IWP2 after 72 hours. Annexin V/PI staining
did not show a significant effect on apoptosis or necrosis rates. Cultured cells upregulated both early (Nkx 2.5, Isl-1) and late (cTnT, MHC,
Cx43) cardiac markers, assayed with qRT-PCR, and began spontaneous contraction at 3.0±0.6Hz at 15-21 days after the start of differentiation.
Cardiomyocytes had clear sarcomeric striations when stained for β-myosin heavy chain, and showed expression and punctate membrane
localization of gap junction protein Connexin43. Calcium and voltage sensitive imaging showed both action potential and calcium transients
typical of immature cardiomyocytes. This study showed that the cardiac differentiation of pluripotent stem cells can be directed by porous
silica vectors with temporally controlled release of small molecules inhibitors. These results suggest methods for automating and eliminating
variability in manual maintenance of inhibitor concentrations in the differentiation of pluripotent stem cells to cardiomyocytes.
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Cell recognizable biomaterials for cell adhesion and proliferation in regenerative medicine
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Cell adhesion molecules is one of the important factor in scaffold materials, as it is needed to support cell-cell attachment and maintain the
function of cell proliferation and differentiation. In fact, despite introducing many synthetic and semisynthetic biomaterials alone or as a blend
as cell-culture substrate, successful stem cells culture condition with high pluripotency were rarely achieved. Therefore, designing such a
biomaterial remains as a difficult and rewarding task. Here, we had designed the matrix for stem cells culture and differentiation required
special biomaterial that can provide simultaneous supports for cell adhesion, proliferation and differentiation. Here, our group has established
several Fc-chimeric proteins with cadherin superfamily such as epithelial cadherin and IgG Fc (E-cad-Fc), Neural cadherin and IgG Fc (N-cadFc), and also with growth factor family such as LIF and Fc (LIF-Fc), bFGF and Fc (bFGF-Fc) as novel cell-recognizable biomaterials in stem cell
technology. Furthermore, E-cad-Fc has been shown to be extremely efficient in facilitating the culture of human embryonic stem cells under
completely defined conditions. hE-cad-Fc is particularly appealing because binding requires the cellular expression of E-cadherin, which is
hallmark of pluripotent stem cells and so the Fc-chimeric proteins is selective of an undifferentiated cell state. In addition, cells can be removed
from the Fc-chimeric proteins using gentle enzyme free dissociation buffer, which ensures maintenance of cell surface epitopes and high cell
viability during subculture.
Interestingly, binding ability can’t be observed in several human induced pluripotent stem cells (hiPSCs) due to their origins. Therefore, in this
study, to reveal the adhesion mechanism of Fc-chimeric protein, we decided to use sendai-virus infected hiPSC and retro-virus infected hiPSC to
determine their binding ability. Here, we cultured these hiPSC on hE-cad-Fc, and matrigel such as i-Matrix and other Fc-chimeric proteins such
as hN-cad-Fc. We confirmed that hiPSC on hE-cad-Fc can be maintained under undifferentiated state in single cells condition, which i-Matrix
maintained in aggregate formation. And, the adhesion surface of these Fc-chimeric protein and matrigel measured by AFM to evaluate their
binding conditions.
These advanced biomaterials have shown tremendous potential for advancing stem cell technology closer to application in regenerative
medicine and tissue engineering.
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Bioactive Coatings on PEEK for Dental Implant Applications  
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Currently, titanium and its alloys are in widespread use for clinical applications due to their excellent biocompatibility. However, titanium
implants have a Young’s modulus significantly higher than that of bone. This can cause stress shielding, resulting in bone resorption and dental
implant failure. To solve these issues high-performance thermoplastic polymers, such as Polyetheretherketone (PEEK), are increasingly
investigated for orthopaedic and dental applications as an alternative to commonly used titanium alloys. PEEK has several advantages, for
instance, it possesses excellent biocompatibility and displays low elastic modulus (about 3.5 GPa).
On the other hand, PEEK also has disadvantages, for instance poor osseointegration. To overcome this, a thin osteoconductive coating is
required to increase the rate of osseointegration. Surface modification of PEEK by Physical Vapour Deposition (PVD) offers an excellent way of
coating inert polymer substrate with metallic and/or ceramic thin films with good adhesion. Since Titanium (Ti) and Titanium Niobium (Ti-Nb)
alloys have excellent biocompatible properties, which have been used to advantage. In this study, Ti and Ti-Nb coatings have deposited by
magnetron sputtering in argon (Ar) atmosphere on to the bare PEEK substrates.
Physical and chemical characterisations of these coatings were carried out by scanning electron microscopy, energy-dispersive X-ray
spectroscopy, X-Ray diffraction, ATR and FT-IR spectroscopy respectively. By employing plasma-assisted PVD, it was possible to produce thin Ti
and Ti-Nb coatings on the bare PEEK surface, obtaining uniform coatings with good adhesion and bonding to the peek substrates. The titanium
coating produced has a composition of atomic percentage 100 at% pure titanium, and titanium-niobium alloy coatings have a composition of
atomic ratio 50 at% titanium and 50 at% niobium. Structural characterization shows that the titanium coating has a stable α-Ti phase while the
Ti-Nb coating exhibits a metastable β-Ti phase. In conclusion, Ti and Ti-Nb coatings were successfully deposited on the surface of the bare
PEEK substrates without any alteration in the main functional groups of the PEEK chemical structures. Bioactive coated PEEK substrates will
result in improved bioactivity of the dental implant, resulting in strong bonding capability between Ti and Ti-Nb coated PEEK substrates and
bone structures.
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Human tissue derived stem cells and their impact on Staphylococcus aureus behavior

Fany Reffuveille，Céline Mongaret，Hassan Rammal，Jennifer Varin-Simon，Emilie Charpentier，Cédric Mauprivez，Sophie C Gangloff，Halima Kerjdoudj
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Bone regenerative medicine combines the use of smart biomaterials and stem cells in order to engineer tissues mimicking the physical and
functional characteristics of native bone while avoiding all kinds of infections. Bone joint infections (BJI) are an important threat for public
health with massive individual (i.e., second surgery for bone resection and/or reconstruction, long-term incapacity for work, partial or total
disability) and societal impacts (high inpatient and outpatient costs). In addition, BJIs are difficult to diagnose or to treat because of differences
in bacterial behavior: Staphylococcus aureus has the capacity to escape immune system and to be internalized by host cells or embedded in a
protective matrix called biofilm. In the context of bone reconstruction, biomaterials functionalized with stem cells were developed to induce
bone synthesis in aseptic conditions. Interactions between S. aureus and stem cells with different origins including dental pulp (DP), bone
marrow (BM) and Wharton jelly (WJ) were followed to select the best combination (stem cells/biomaterials) and to reduce the risk of
infections. The capacity of S. aureus to be internalized by different types of stem cells was firstly monitored. While the rate of internalization of
S. aureus in WJ and BM derived stem cells was respectively 0.51% [0.25% - 0.79%] and 0.61% [0.20% - 1.47%], it was higher in DP stem cells,
with an internalization rate of 1.05% [0.00% - 2.72%] and higher standard deviation values. These differences were also observed when
comparing human exfoliated deciduous teeth derived stem cells (internalization rate = 1.43%, [0.22% -2.7%]) to dental pulp derived stem cells
(internalization rate = 0.81%, [0.00% -2.57%]) suggesting a higher capacity for S. aureus to be internalized by deciduous teeth derived stem
cells. Furthermore, the quantity of biofilm formed by S. aureus before and after the internalization was compared. No significant difference was
observed between all conditions, except for the dental pulp derived stem cells, where a significant increase in biofilm formation was observed
(x1.7±0.14; p=0.016, Mann-Whitney test). In conclusion, we screened for the first time the impact of tissue-derived stem cells on the virulent
behavior of S. aureus in view of their potential application in bone regenerative medicine.
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Directly induced neural differentiation of human mesenchymal stem cells using electrical conductivity of PANI
based gold nanoparticles (PbGNPs) with electrical shock  
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Department of Biomedical Science, College of Life Science, CHA University, 6F, CHA Biocomplex, 689 Sampyeongdong Bundang-gu, Seongnam-si, Korea

Conductive polymers are attractive biomaterial because of its conductivity and stability. Polyaniline (PANI), one of the conductive polymers, has
been widely studied in these days. In this work, we added gold nanoparticles (NPs) to PANI so that the complex has biocompatibility and
enhanced conductivity.
PANI based gold NPs (PbGNPs) were successfully made by regulating the amount of PANI and 10nm gold. We characterized nanoparticles
using Dynamic Light Scattering(DLS), Electron microscopy(SEM or TEM), Viscosity meter and Conductivity meter. Among PANI based gold
particles, we selected size under 200nm.
We found electrical stimulation have a tendency to differentiate hMSCs into neuron-like cells earlier. In this research, the newly composed
PbGNPs and electrical stimulation were used to differentiate hMSCs into neuronal cells effectively to confirm the capability of these two
factors.
As a result, these two factors induced human mesenchymal stem cells to change their morphology and protein expression level. In addition,
confocal microscopy, Western blotting and RT-PCR were used as biological analysis. Taken together, PbGNPs were proved as promising
candidates for electrical signal-sensitive neural tissue regeneration.
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Lithium modified clay nanoparticles for injectable osteogenic stem cell microenvironment
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Clay nanoparticles are emerging as a new class of biomaterials with exciting opportunities for tissue engineering and regenerative medicine
applications1. Recent high-impact studies have demonstrated the ability of Laponite clay nanoparticles to self-organise into injectable
microenvironments able to host and stimulate stem cell growth and differentiation at physiological doses of growth factors2,3. Furthermore,
Laponite nanoparticles are able to promote in vitro osteogenic differentiation of skeletal populations even in the absence of the osteogenic
supplement dexamethasone4. Despite these interesting osteogenic properties of clay nanoparticles, relatively little attention has been given to
the role of fundamental aspects of clay structure/composition in influencing such interactions. Lithium, a Laponite degradation product, is
known to modulate the canonical Wnt signaling pathway through the inhibition of GSK3β and stimulates osteogenic differentiation of
responsive population5.
Various Li+-modified Laponite formulations were generated, with Li+ content ranging from 0 to 9.9 g/kg. Human bone marrow stromal cells
(hBMSCs) were cultured in the presence of Li+-modified formulations, as culture media additives, and assessed for cell viability, proliferation and
osteogenic differentiation in comparison with controls. Dispersed Laponite nanoparticles demonstrated high cytocompatibility at concentration
<1 mg/ml. Both Li+-modified and standard Laponite structures followed the same pattern in enhancing the osteogenic differentiation of hBMSCs
in a dose dependent manner. The addition of Laponite nanoparticles triggered an upregulation of osteogenic gene expression (RUNX2, ALP,
collagen I and osteonectin), an increase in ALP activity and enhanced Ca-P mineral deposition, reaching a 2-fold upregulation in RUNX2 gene
expression (****P = <0.0001) and a 100% increase in ALP activity (*p <0.05) compared to clay-free control at day 3 in basal media. Upregulation
of osteogenic markers was observed independent of Li+ content.
In conclusion, Laponite nanoparticle addition to cell culture media enhances the osteogenic differentiation of hBMSCs independent of the Li+
modifications tested in the current study. Other clay chemistries such as surface charge, particle size and cation exchange capacity may play a
role in modulating the osteogenesis of hBMSCs. Such studies seeking to elucidate the mechanism(s) behind clay-enhanced stem cell
osteogenesis are ongoing
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Cellular Layer-by-Layer Coculture Platform using Biodegradable, Nano-thin, and nano-porous Membranes for
Stem Cell Therapy
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Stem cells interact with the surrounding microenvironments in a three-dimensional manner in vivo. A coculture of stem cells and desired cell
types, which induces cell − cell communications, has been known as an effective method to make stem cell differentiate directly into specific
lineage. Nevertheless, bilayer coculture systems, which is popularly used, employ membranes of micro-scale thickness and low porosity. So,
these systems limit interaction between cells and inhibit efficient differentiation of stem cell. In addition, bilayer coculture systems require cellimpairing enzyme treatment to harvest the cells from the membranes. In this paper, we developed a cellular layer-by-layer (cLbL) coculture
platform using biodegradable, nano-thin, highly porous (BNTHP) membranes. With more porous and thinner membranes, the cLbL coculture
platform better mimicked real 3D microenvironment, promoted cellular interactions between cocultured cells which occurred in nano-scale,
and resulted in more efficient stem cell differentiation compared to the conventional coculture systems. Furthermore, biodegradability,
biocompatibility, and high flexibility of BNTHP membranes enabled the cell-attached membranes to be implantable 3D cell constructs, thus we
can avoid cell harvesting with harmful enzyme treatment. The cLbL platform can be an effective method to induce stem cell differentiation and
facilitate cell implantation for stem cell therapy.
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Customizable platelet lysate based hydrogels for 3D cell culture
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Hydrogels have been used in many biomedical applications, including drug and cell delivery systems, cell growth platforms and tissue
regeneration. Currently, implantable hydrogels for biomedical applications built into synthetic and natural biodegradable materials are a major
research focus. However, at present there are many concerns in implantable systems uses, such as immunogenicity, biological safety,
biocompatibility, degradation rate, and mechanical stability. There is also a continuous need for developing new compositions capable of
forming in situ biocompatible hydrogel structures that offer improved therapeutic outcomes. Platelet-rich plasma (PRP) and human platelet
lysates (PL) are attractive sources of growth factors and other molecules involved in the tissue regeneration process. PRP and PL have been
mainly explored as a promising non-xenogenic supplement designed for the expansion of human cells that replaces animal derived serum.
Recently, PRP/PL based scaffolds have been investigated as cell culture platforms. Despite all the promising results, in most cases this type of
materials suffer from poor mechanical properties and also poor stability in vitro. In an attempt to overcome such limitations, we developed PL
based hydrogels with tunable mechanical properties. PL were modified by addition of methacryloyl groups (PLMA) that by exposure to UV
irradiation form hydrogels. Our results showed that the achieved materials own increased mechanical properties that can be easily adjustable
by changing PLMA concentration or PLMA modification degree. Additionally, PLMA hydrogels enabled sustained release of VEGF and fibrinogen
for up to 250 hours and were resistant to protease degradation. Human derived stem cells and murine fibroblasts were successfully
encapsulated in the hydrogels, exhibiting high cell viability, adhesion and proliferation. These results support the use of a PLMA hydrogel as a
scaffold for stem cell culture and growth factor release. The material here developed could have an autologous origin, being adequate to
produce customized robust matrices to be used as general platform for 3D cell culture with no risk of cross reactivity, immune reaction or
disease transmission.
Acknowledgments
C.A.C. acknowledges funding support from the Portuguese Foundation for Science and Technology (FCT) (fellowship SFRH/
BPD/100594/2014). This work was also supported by European Research Council grant agreement ERC-2014-ADG-669858 for project ATLAS.

185

a92116

01-P375

Crosslinker Selection Determines the Properties of GelNOR Hydrogels for Tissue Engineering Applications
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Introduction: Gelatin-Norbornene (GelNOR) hydrogels can be crosslinked using any multi-functional thiol containing molecule via thiol-ene
photo-click chemistry. This crosslinking reaction is highly modular, but data is lacking as to the effect of crosslinker selection on the physicochemical properties and cell response of the resulting hydrogels.
Aim: To determine the effect of crosslinker selection and concentration on crosslinking efficiency, compressive modulus, and behavior of
encapsulated cells in resulting GelNOR hydrogels.
Methods: GelNOR gels at 5wt% and 10wt% were photo-crosslinked with di-thiothreitol (DTT), polyethylene glycol (PEG)-4SH, and PEG-8SH at
NOR:SH molar ratios of 1:1, 1:2, 1:3, 1:6, and 1:12 using the visible light initiation system we previously described [1]. The effect of crosslinker
selection on sol fraction, Young’s Modulus and behaviour of encapsulated cells was analyzed using mass loss and swelling studies, uni-axial
compressive testing, and human foreskin fibroblasts (HFFs) encapsulation assays respectively.
Results: The sol fraction was lowest at both 1:3 and 1:6 NOR:SH molar ratios, and at constant NOR:SH ratio sol fraction values were lower in
10wt% hydrogels than 5wt%. The compressive Young’s Modulus followed a trend inverse to soluble fraction and was highly tailorable with
crosslinker, with observed values from 3.96 – 278.35kPa. HFFs encapsulated in 5wt% hydrogels crosslinked with DTT took an elongated
morphology from day 6 at all NOR:SH molar ratios tested. HFFs encapsulated in 10wt% gels at 1:6 NOR:SH maintained a rounded morphology
and could not elongate, but those encapsulated in 10wt% gels at 1:3 NOR:SH were able to spread after 16 days.
Discussion: The observed difference in cellular behaviour demonstrates the ability to direct cellular responses through NOR:SH molar ratio. The
system is also very versatile due to the range of achievable mechanical properties, with softer DTT crosslinked gels possibly suitable for use in
soft tissues (e.g. neural), and stiffer PEG crosslinked gels suitable for hard tissues (e.g. osteochondral).
Conclusions: This study has demonstrated the described GelNOR system’s highly tuneable physico-chemical properties, wide range of
achievable mechanical characteristics, and ability to direct cellular behavior, identifying its potential for use in a wide range of tissue
engineering applications.
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Characterization of the osteochondral potential of a novel three-layered scaffold using hAdMSCs
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Objective: Healing of osteochondral defects is still a challenge. Especially the cartilage tissue has a poor self-healing capacity. Therefore, we
developed a multilayered scaffold for osteochondral regeneration. Our hypothesis is that such layered scaffold could introduce a directed stem
cell differentiation into osteo- or chondrogenesis by mimicking the biological and mechanical properties of the distinct tissues as well as the
interface.
Materials and Methods: The scaffold was developed by a layer-by-layer freeze-drying process of chitosan-collagen solutions, partly
supplemented with octacalcium phosphate in the bony part. The cartilage part showed a gradual increase of collagen content. The scaffold
was characterized using FTIR, SEM-EDX, and µCT. The scaffolds were cut into 3mm cylinders and seeded with human adipose-derived
mesenchymal stem cells (hAMSCs) at different densities for up to 35 days. Cell viability and proliferation was tested, as well as gene expression
for apoptosis/proliferation markers (Bcl-2, Casp-3, Mcm-5, and Cyclin D1), osteogenesis (RunX2, Coll I and III, Osteocalcin, and Osteopontin)
and chondrogenesis (Sox-9, Coll II and X, and Aggrecan). Moreover, the bioactivity potential was evaluated by incubating the scaffolds for up to
7 days in simulated body fluid (SBF) and characterization using FTIR, SEM-EDX and µCT.
Results: The scaffolds showed good cell attachment and proliferation as well as a homogenous cell distribution. RunX2, Coll I, Osteocalcin and
Osteopontin expression showed that osteogenesis occurred mostly in the upper part of the scaffold. Meanwhile chondrogenesis occurred in
the lower part of the scaffold as indicated by Sox-9, Coll II, and aggrecan expression. In the bioactivity experiments the scaffold showed a good
layer specific potential to form a hydroxyapatite-like matrix.
Conclusion: Our study shows that each layer of the multilayered scaffold presented a specific potential for induction of osteo- or
chondrogenesis. Clear tissue-specific matrix deposition and mineralization was detected when scaffolds were cultured for long observation
times.
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Core-shell Structured Polymeric Particles Obtained Through a Solvent-free Strategy
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Hollow materials have been employed as encapsulation devices for a plethora of applications including Tissue Engineering. Core − shell
structured particles with a liquid core exhibit (i) a more efficient and homogeneous transfer of solutes, (ii) a higher loading capacity provided by
their internal ample space, and (iii) a lighter weight when comparing with their cross-linked core counterparts. Most of the available strategies
to fabricate polymeric capsules are based on complex and harsh synthesis procedures, eluding the use of coagulating baths, which can
ultimately compromise the cargo stability and loading efficiency. Herein, highly repellent substrates, namely superamphiphobic surfaces (SA),
were successfully employed to design ready-to-use monosized and spherical polymeric capsules with a (i) hydrogel shell made of
methacrylamide chitosan (MACHI) and (ii) a liquefied core, wherein different molecules and objects can be dispersed.1 MACHI capsules were
fabricated by first crosslinking a spherical alginate (ALG) droplet induced by a SA surface upon adding CaCl2. Afterwards, the ALG core was
entrapped within a MACHI droplet and, finally, the MACHI shell was crosslinked by a UV-mediated process and the core removed via
ethylenediaminetetraacetic acid (EDTA) action. The developed strategy benefit from its: (i) cost-effective character inasmuch as it is based on a
simple setup; (ii) air-interfaced nature enabling a high loading efficiency; (iii) reproducibility as demonstrated by the easy and precise control
over the particle size and shape; (iv) versatility as shown by the fabrication of polymeric capsules from a wide range of materials and by the
incorporation of distinct components in a single structure; and (v) mild processing conditions as proved by the safe encapsulation of
metabolically active cells. Based on all these features, this simple, yet efficient strategy is envisioned to constitute an innovative approach to
produce liquid-core polymeric systems to entrap a variety of sensitive molecules including not only cells, but also proteins, genes, and drugs.
Owing to the widespread application of polymeric capsules like the produced ones, modifications to the conventional fabrication techniques
are likely to have a strong impact and open new prospects for the development of the next generation of engineered polymeric assemblies for
both science and technology.
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Osteocytes reside as three-dimensionally (3D) networked cells in the lacunocanalicular structure of bones. Due to the osteocyte network being
deeply embedded within hard bone tissues ex vivo, it has been extremely challenging to access and characterize these cells. So far, evaluation
of osteocyte activity and regulation in vitro have mainly been conducted in 2D systems, with only very few studies conducted in a 3D
environment. Three-dimensional (3D) cultures are attractive as they better mimic the physiological features of the ECM surrounding the cell.
hydrogels represent an interesting way to create a 3D environment,due to easily tunable chemical, physical and mechanical properties,. Then
we use a hydrogel and human MSC to process 3D culture. Through ALP staining, real time PCR, IHC, microCT detection, we found that MSC can
osteogenic differentiation and formation of mineralization in both groups, and better interconnected network between cells was significantly
increased within low stiffness hydrogel, compared to cells within high stiffness matrices at the same cell densities. These results proved our 3D
culture system is worked, and can be used to investigate the mimic bone 3D structure.

187

a90511

01-P379

In vitro evaluation of 3-dimensional poly (lactic acid-co-glycolic acid) hybridized with atelocollagen and fibrin
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Tissue engineering principles provide an alternative platform for the regeneration of the IVD tissue via the use of the biomaterial scaffold. The
current study evaluated the 3D culture of the PLGA incorporated with the atelocollagen and fibrin seeded with the annulus cells of
intervertebral disc. The evaluation was performed in three consecutive weeks observing and evaluation of the morphology, compression
modulus, gene expression, histology, immunohistology, sulphated glycosaminoglycan (SGAG) and DNA content. A comparison was made
between the AF seeded onto the PLGA (PLGA-AF), PLGA with atelocollagen (PA-AF), PLGA with fibrin (PF-AF) and PLGA with both atelocollagen
and fibrin (PAF-AF). The constructs displayed glistening morphology with high wet weight and cellular viability by week 3. The PAF-AF (0.062±
0.008MPa) and PA-AF (0.041±0.007MPa) demonstrated significant compression modulus as compared to all other constructs. The constructs
were able to maintain the phenotype of the AF cells with high expression of the collagen type I and low expression of the collagen type II
supported by the immunohistochemistry. The expression of the condrogenic markers, sox-9 and aggrecan were elevated with variation of
upregulation and downregulation observed within weeks of culture. The histological findings corroborated with the cellular distribution
however, weak evidence of the glycosaminoglycan and proteoglycan were detected. Significant quantitative sGAG (0.279±0.117µg/µl) was
detected for the PAF-AF constructs but with no significant differences was noted on the DNA content. Overall, the PAF-AF constructs support
the cellular proliferation of the AF and need to be evaluated further in animal model.
Keywords: PLGA; atelocollagen; fibrin; annulus fibrosus
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Designing multifunctional laminarin microparticles for 3D cell culture
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Living tissues are hierarchically organized three-dimensional (3D) structures composed of multiple types of cells and extracellular matrix (ECM).
Thus, effective strategies to engineer constructs that mimic native tissues requires the development of structures with well-defined spatial
distributions of different cells embedded in ECM.
Microfabrication technologies have been explored to produce microgels that can be assembled in functional constructs for tissue engineering
applications. Here, we propose microfluidics coupled to a source of UV light to produce monodisperse multifunctional laminarin microparticles
by photopolymerization. Laminarin is a natural polymer obtained from brown algae with low molecular weight and low viscosity. These
properties make this polymer particularly appealing to be used in microfabrication techniques. Addition of methacrylate groups to the
hydroxyl-containing groups of laminarin was performed to make it light polymerizable into a hydrogel.1
In an attempt to enhance cell adhesion and proliferation, the microparticles were loaded with platelet lysates and further conjugated with an
adhesive peptide. The modified microparticles were cultured with L929 cells, the results showed superior cellular adhesion on microparticles
with encapsulated platelet lysates. Moreover, the functional particles have demonstrated the ability to provide sustained release of growth
factors from platelet lysates.
The multifunctional laminarin microparticles provide an effective support for cell attachment and cell expansion, moreover the microparticles
tend to aggregate in robust 3D structures. These results showed the potential for using the laminarin microplatforms to rapidly produce large
tissue engineered constructs
1- Custódio, C. A., Reis, R. L. & Mano, J. F. Photo-Cross-Linked Laminarin-Based Hydrogels for Biomedical Applications. Biomacromolecules 17,
1602–1609 (2016).
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Advanced Injectable Nanopatterned Micro-Scaffolds for Modular Bone Tissue Engineering
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Regenerative medicine strategies in orthopaedics often resort to conventional porous scaffolds with fixed geometry, which require invasive
implantation and prevent cellular self-organisation. Thus, bottom-up approaches have been investigated for the assembly of smaller units such
as microparticles (MP). MP support cell expansion and cell-MP aggregation forms 3D structures that can be injected, independently or
encapsulated, through minimally invasive procedures. Yet, with growing evidence that surface topography, such as grooves, impact cell
expansion and direct the differentiation pathway of mesenchymal stem cells towards osteogenesis, the question arises whether spherical MP
with no surface topographical cues are the best option.
We have developed a new class of MP with (1) disc-like shape with enhanced surface/volume ratio to maximise cell-adhesion sites; and (2)
grooved patterning on the surface to control cell orientation or adhesion and direct osteogenic differentiation. Patterned disc-like microscaffolds (PDSS) act as cell carriers while delivering topographical cues via surface patterning.
PDSS were produced by nanoimprinting in a straight-forward manner without requiring advanced equipment. Water-soluble polyvinyl alcohol
moulds were prepared using compact discs as nanopatterned templates. Moulds were used to nanoimprint polycaprolactone MP at an
optimised time, temperature, and load. Upon collection, PDSS size, grooves, and patterning homogeneity were characterised by scanning
electron microscopy (SEM).
To compare cellular response to PDSS versus spherical particles, pre-osteoblastic MC3T3-E1 cell line was cultured with both types of MP. Cell
morphology analysis (fluorescence assay and SEM) showed cell attachment and elongation along PDSS nanopattern, demonstrating the viability
of PDSS for cell expansion. The potential of this unique microplatform will be then assessed for stem cell osteogenic differentiation. Considering
that cells tend to align along patterned 2D-substrates, it is expected that this physical cue will favour osteogenic differentiation in our system.
Ultimately, the 3D structures formed by cell-mediated assembly may be applied as injectable cell carriers for bone regeneration.
I. M. Bjørge acknowledges financial support by the Portuguese Foundation for Science and Technology with doctoral grant (SFRH/
BD/129224/2017). This work was supported by European Research Council grant agreement ERC-2014-ADG-669858 for project “ATLAS”.
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Stem cells reside in distinct and complex microenvironments from which they interpret and integrate biochemical and mechanical cues that
determine their fate.(1) To date, efficient in vitro culture of stem cells remains a significant challenge, limiting full exploitation of these cells in
Regenerative Medicine.(2) Of particular interest are induced pluripotent stem cells (iPSCs) which provide the potential for designing autologous
cell therapies.(3) Currently, attempts are being made to recapitulate the native cellular niche through design of different biomaterials for 3D cell
encapsulation.(4) Of popular choice are hydrogels; water-swollen polymeric networks which can be comprised of both natural and/ or
synthetic fibres. One promising class of hydrogels are the self-assembling peptide based hydrogels (SAPH). In particular the peptide design
developed by Zhang’s group (5), based on the alternating pattern of hydrophilic/ hydrophobic amino acids, has been the focus of significant
attention in the last decade by our and other groups.(6-8) These SAPH offer a fully-defined, tuneable scaffold made from naturally occurring
amino acids.
In this work we demonstrated that these SAPH support the viability and proliferative capacity of human iPSCs. Within 3 days, these cells
progress from loose, disorganised cell clusters to smooth spheroid aggregates, around 250-300 μm in size. When stem cell media is used,
these cells retain their pluripotent nature; expressing typical markers of pluripotency (Oct-4, Sox-2, Nanog) with little influence from the bulk
mechanical properties of the gel, nor cell passage. When non-specific media or differentiation media is used, the cells lose their pluripotent
nature and start to differentiate. The ‘simplicity’ of these hydrogels provided us a platform to investigate the importance of a number of factors
on the differentiation pathway of these cells when cultured in 3D, including the role of cell proteins specific to the stem cell microenvironment
– laminin. Together, this work highlights the potential of SAPH as 3D matrices for stem cell based-applications and is the first step in elucidating
the factors that allow to control and direct the differentiation of iPSCs in 3D.
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3D cell cultures via porous scaffolds for dentin regeneration
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INTRODUCTION
Tooth loss is a common result of a variety of oral diseases due to physiological causes, trauma, genetic disorders and aging, and can lead to
physical and mental suffering that markedly lower the individual’s quality of life [1]. Tooth is a complex organ that is composed of mineralized
tissues and soft connective tissues. Dentin is the most voluminous tissue of the tooth and its formation (dentinogenesis) is a highly regulated
process displaying several similarities with osteogenesis.
In this study a low-cost scaffold made by gelatin biomineralized with magnesium-doped hydroxyapatite and blended with chitosan, was
developed for hard tissue engineering. We synthesized a dentin-like scaffolds using a controlled freeze-drying process permitting the formation
of microscopic channels comparable to dentin tubules and appropriate for cell penetration and matrix deposition.
Mesenchymal stem cells (MSCs) and dental pulp steam cells (DPSCs) were seeded in direct contact with the scaffolds and cultured with
medium supplemented with osteogenic factors. Cell viability and cell morphology were analysed up to 14 days of cultured. Moreover gene and
protein quantification were investigated.
The scaffolds show an aligned porosity suitable for the colonization of its inner part by the seeded cells. The scaffold had no cytotoxicity, cells
morphology was accordant to a non-stress cell condition and a good adhesion to the scaffold. The SEM observations showed the scaffold’s
aligned porosity and rugosity, cells were found through almost the entire height of the scaffold. 3D cell culture with MSCs and DPSCs showed
the promising properties of the new scaffolds for tooth regeneration. In detail, the chemical composition of the biomineralized gelatin facilitate
the cell adhesion, the aligned porosity is suitable for cell colonization and fine cell/material interactions together with mineral component
permit the cells differentiation and matrix deposition.
This preliminary study indicate the potential of a low-cost biomineralized gelatin scaffold as a novel tool for 3D cell culture in dental
regeneration.
REFERENCE
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Engineering Controlled Release of Therapeutic Cargo from Photodegradable Hydrogel Carriers using Near-Infrared
Light and Upconversion Nanoparticles
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Hydrogel carriers are used to deliver therapeutic cargo such as stem cells to damaged tissue, with attractive properties including tunable
mechanics and bioactivity, and injectability. Stimuli-responsive hydrogels such as enzymatically degradable [1] and photodegradable [2]
hydrogels are engineered to controllably degrade in the presence of a stimulus to locally release therapeutics, and light-mediated degradation
offers the unique opportunity to trigger degradation externally and on-demand. Light-cleavable hydrogels incorporating UV-absorbing
o-nitrobenzyl groups within hydrogel crosslinks enable hydrogels to be controllably degraded, even in the presence of living cells, using lowenergy UV light [2]. UV light has very low tissue penetration and mutagenic concerns, whereas near-infrared (NIR) can penetrate several cm
through tissue, and upconversion nanoparticles (UCNPs) provide an opportunity to exploit NIR. UCNPs were used as transducers to convert NIR
into UV by applying 980 nm light to release photo-caged siRNA from intracellularly uptaken nanoparticles [3]. To demonstrate UCNP-mediated
hydrogel photodegradation by NIR, a new thiol-functionalized, UV-cleavable crosslinker was synthesized and reacted with 8-arm PEGmaleimide and UCNPs, resulting in a crosslinked hydrogel with entrapped UCNPs. To verify photodegradation and demonstrate controlled
release, a fluorescent dye was covalently bound to the network as a facile means to quantify extent of degradation and cargo release,
revealing that dye was released by NIR light in a dosage-dependent manner. Future experiments will fully characterize release and degradation
kinetics, followed by demonstrating the versatility of the hydrogel platform for controlled delivery applications of model biological cargo in
vitro, and eventually verified in vivo in a mouse model.
References:
1. Skaalure SC, Akalp U, Vernerey FJ, Bryant SJ. Tuning Reaction and Diffusion Mediated Degradation of Enzyme-Sensitive Hydrogels.
Advanced Healthcare Materials 5, 4, 2016.
2. DeForest CA, Anseth KS. Cytocompatible click-based hydrogels with dynamically tunable properties through orthogonal photoconjugation
and photocleavage reactions. Nature Chemistry 11, 3, 2011.
3. Jayakumar MKG, Idris NM, Zhang Y. Remote activation of biomolecules in deep tissues using near-infrared-to-UV upconversion
nanotransducers. PNAS USA 109, 22, 2012.
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Tuneable Spheroidal Hydrogel Particles for Cell and Drug Encapsulation
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Natural systems, such as bacteria and phytoplankton, present varying geometry and preferentially adopt geometries other than spherical,
highlighting the relevance of this parameter in evolution. Considering this and the need to mimic native tissues, development of new platforms
for cell and drug encapsulation with diverse material geometries has been gaining momentum.
Microspheres are encapsulation systems used for tissue engineering, allowing for efficient nutrient diffusion and metabolite removal, which is a
key aspect for cell survival within a hydrogel matrix. Yet, increasing particle dimension compromises diffusion, resulting in lower cellular viability
within the core. For drug delivery purposes, particle geometry is an impacting factor in opsonisation and targeted therapy. Moreover, of convex
shapes, spheres present the lowest surface area to volume ratio, which is an impacting factor in diffusion, whether of nutrients for cell survival,
or kinetic profile of drug delivery. Thus, geometry tailoring allows to produce hydrogels adaptable to specific applications.
Aiming to investigate how increasing surface area and varying particle shape could impact drug release and cell viability, a novel method was
developed to produce spheroidal hydrogel particles with tuneable volume and geometrical parameters. Droplets of hydrogel precursor were
sandwiched between two superamphiphobic surfaces separated by spacers with different height, and photo-crosslinked to maintain the
acquired shape after “de-sandwiching”. Numerical modelling studies were performed to study the polymeric droplet geometry deformation,
which were consistent with experimentally obtained results in mild conditions. Spheroidal particles were produced using methacrylated
chitosan, capable of encapsulating proteins or cells. Likely due to their higher surface area to volume-ratio, spheroids presented an improved
viability of encapsulated cells due to an enhanced nutrient diffusion to the core, and lead to a significantly faster drug release rate from the
polymer network. Hence, the described method can be used to produce spheroidal particles with tailored thickness that can be applied for
both drug delivery and cell encapsulation strategies.
I. M. Bjørge acknowledges financial support by the Portuguese Foundation for Science and Technology with doctoral grant (SFRH/
BD/129224/2017). This work was supported by the European Research Council grant agreement ERC-2014-ADG-669858 for project “ATLAS”.

a93082

01-P386

Development of  3D new tissue for bladder reconstructive surgery
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In this work were evaluated three decellularized scaffolds, bovine pericardial (TPB), porcine pericardial (TPP) and amniotic membrane, the
decellularization process used was reversible alkaline swelling (STX). They were recellularized with rabbit urothelial cells to generate an
autologous tissue. The new tissues have been made performed to obtain a minimum cell concentration of 1x105 cel/ml and was maintained for
15 days. The new tissues were implanted in the bladder with damage of the same small animal models and monitored during 15, 30 and 150
days with ultrasounds and evaluation of immune response. After those times the bladder was removed and the cellular regeneration was
evaluated using eosin-hematoxilin stain and Mason's trichrome stain. Scanning electron microscopy (SEM) was realized at the bladder samples.
The results show a decellularization efficiency between 88 and 98%, depending on the extracellular matrix. With the stains was observed that
the matrix helped the regeneration of the area and the immune response of the animal, however the scar generated was lower with the
amniotic membrane matrix and porcine pericardium. Good cell regeneration and collagen fibers was observed in the SEM imagens.
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Multiscale reconstruction of a synthetic biomimetic micro-niche for enhancing and monitoring the differentiation
of stem cells  
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Stem cells reside in the 3D niche microenvironment, which provides specific cues including cell-matrix interactions and soluble factors that are
essential to the maintenance and differentiation of stem cells in vivo. Herein, we demonstrate a general approach for the synthetic
reconstruction of 3D biomimetic niche environment of stem cells by the multiscale combination of macroscopic porous hydrogels and
nanoscale UCNP-based nanocomplex. The porous biopolymeric hydrogels emulated the spongy bone microstructure and provided the
conducive 3D environment for the attachment, proliferation, and biosynthesis of seeded stem cells. The UCNP-based nanocomplex (Pur-UCNPpeptide-FITC), which was stably encapsulated in the porous hydrogels, emulated the repertoire of inductive agents in the bone matrix by
sustaining localized and long-term delivery of inductive small molecules in the synthetic niche microenvironment. Furthermore, the
nanocomplex also generated biomarker-specific reporting emission that correlated well with the extent and stage of differentiation of the stem
cells residing in the synthetic niche, thereby enabling long term tracking of stem cell fate in living culture. Our findings showed that this
multiscale synthetic niche not only enhanced the differentiation of seeded stem cells but also enabled long term tracking on the stage of
differentiation of living stem cells via a non-contact, non-destructive, and potentially high-throughput manner. To the best of our knowledge, our
work is the first demonstration of multiscale combination of functional biomaterials for reconstructing the controlled stem cell niche
microenvironment to enhance and track stem cell differentiation. The modular nature of this synthetic niche platform allows easy tuning of
various parameters, such as microstructure morphology, scaffold stiffness, inductive molecule, and the biomarker-specific reporting system, to
cater to a wide array of fundamental studies on dynamic cellular events over long term.
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Piezoelectric scaffolds for tendon repair through electromechanical stimulation: an in vitro and in vivo study
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Introduction
Electromechanical coupling (piezoelectricity) is present in all living beings and provides the basis for sense, thoughts, and mechanisms of tissue
regeneration. Piezoelectric properties of musculoskeletal tissue have been recently measured at the molecular, fibrillary and tissue level and are
mainly attributed to collagen type I - a fibrous protein abundant in mammals. Understanding the effect of piezoelectricity on biological
processes such as cellular differentiation, cell growth, cytoskeleton rearrangement or inflammation is of pivotal importance for regenerative
medicine and biomedical applications1. In this study, we fabricated piezoelectric regenerative scaffolds to assess the role of electromechanical
stimulation on tendon regeneration.
Materials and methods
Piezoelectric scaffolds were made of poly (vinylidenefluoride-co-trifluoroethylene) P(VDF-TrFE), a material capable of generating electrical
charges under mechanical loading. P(VDF-TrFE) was electrospun at 1ml/hr and 3500 rpm to fabricate a scaffold made of aligned fibres.
Nonpiezoelectric scaffold was made of similar chemistry (fluorinated) and electrospun at same conditions. All scaffolds were functionalized with
a fibronectin-mimetic polymer coating. The electrical and piezoelectrical properties were assessed with an in-housesystem and d33 was
determined. Primary Human Tenocytes were cultured (8 hours, 5 and 10 days) in static and dynamic conditions. Gene expression (96 genes)
was evaluated to uncover the molecular pathway. Finally,a full-size rat Achilles tendon injury model was employed. Functional, structural and
molecular analyses were made at 2, 4 and 8 weeks.
Results
P(VDF-TrFE), scaffolds were observed to mimic the fibrous structure of tendon tissue and were capable of producing electrical charges up to
17 pC/N when mechanically loaded.Genes associated with tendon specific markers (Col.I/Col III, Scx, and Mkx) and mechanosensitive ion
channels such as PIEZO1, TRAAK, and TRPV1 were significantly upregulated. The upregulated genes were validated with individual real-time
Q-PCR and bioinformatics revealed a possible regulated function.
Discussion
This study indicates that scaffolds made of PVDF-TrFE can produce electrical charges when mechanically loaded. Moreover, gene analyses
showed a positive regulation of tendon specific markers through activation of mechanosensitive voltage-gated genes.
References
1. Fernandez-Yague M.A. et al. Adv.Drug.Deliv.Rev 84:29, 2015.
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Endothelial Cell Activation by Surface-Modified Materials Used to Enrich Progenitor Cells Derived from Human
Adult Peripheral Whole Blood
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Red Blood Cell (RBC) production from hematopoietic stem cells (HSCs) has been a focus in regenerative medicine for a number of years, yet
obtaining adequate numbers of HSCs still needs to be addressed. The existing systems generate low in vitro concentrations of HSCs,
furthermore the number of HSCs collected from peripheral blood are much lower than can be derived from bone marrow. Clinically, the HSCs
can be mobilised into the blood in order to increase the concentration by using molecules like granulocyte colony stimulating factor (G-CSF).
However the medication causes few side effects. We have developed a practical, rapid, safe and cost effective approach to increase HSCs
yields from normal human adult whole blood by using surface modification strategies on polymer substrates to promote endothelial cell
adhesion that will then cause leukocyte adhesion to the endothelial cells. The polyurethane (PU) surfaces were functionalised with chemical
groups including hydroxyl, amine and carboxyl. Human umbilical vein endothelial cells (HUVEC) were cultured on the modified materials for 72
hours. Based on flow cytometry results, a significant increase in the proportion of cells expressing ICAM-1 was observed and no significant
difference in the proportion of cells expressing VCAM-1 as compared to cells that were cultured on glass coverslips. The results showed that
without using exogenous mediators of inflammation or infection, direct contact between endothelial cells and surface-modified PU caused the
cells to actively express endothelial adhesion molecules. It is well known that adhesion of leukocytes to endothelial cells occurs through the
interaction with adhesion molecules expressed on endothelial cells. In order to confirm the interaction between leukocytes and endothelial
cells, the HUVEC-seeded materials were exposed to freshly drawn whole blood and incubated for 1 hour. Our data showed that as the
expression of adhesion molecules increased, substantially increasing the numbers of leukocytes captured. This technique results in an enriched
population of unstimulated HSCs from human adult blood that will potentially underpin production of red blood cells.
Acknowledgments:
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Adjusting Diffusion and Hypoxia in 3D Alginate Co-Culture Constructs as a Biomimetic Analogue of Intervertebral
Discs
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Sodium alginate is a polysaccharide that is derived from the cell walls of brown algae; it has been widely used as a cell encapsulation material
as well as a drug delivery vehicle. The backbone of this natural polymer consists of random or co-block formations of β-D-mannuronic acid
and α-L-guluronic acid, the latter of which allow the solution to polymerize in the presence of divalent cations such as Ca2+. Alginate is nonimmunogenic and biocompatible, with a low toxicity and highly tailorable mechanical properties.
By limiting access or adjusting the rate of access to the calcium, the alginate is able to crosslink at varying homogeneities and crosslink
densities. Controlling the crosslinking can also alter the diffusive properties. Internal crosslinking as such can allow for a higher degree of
control, and the properties are dependent on the concentrations of the crosslinking catalyst.
An alginate co-encapsulation set up was created by externally crosslinking 1.2% alginate by dropwise addition into varying concentrations of
calcium chloride. Following a rinse step to remove excess calcium, the alginate beads were encased in a layer of 2% alginate, internally
crosslinked using varying concentrations of a 1:2 molar ratio of calcium carbonate and glucono-delta-lactone. The alginate beads were
incorporated with 0.1 mg/mL of Direct Red 80, and controls were employed to determine diffusion profiles of both internally and externally
gelled alginate. Addition of proteins of various molecular weight and charge are to follow. Hypoxia gradients in normoxia-cultured, alginateencapsulated human nucleus pulposus cells (hNPCs) will be determined by hypoxia probe and confocal microscopy.
Preliminary data suggests that internally crosslinking alginate allows a burst release of BSA (67kDa) due to the homogeneity of crosslinking
through the structure, where externally crosslinking alginate prevents a burst release due to the tight crosslinking on the boundary of the
hydrogel. When adding these crosslinking strategies simultaneously, diffusion of particles and dyes such as Direct Red 80 (1373.07 kDa) are
limited in a manner dependent on the crosslinking density. The implications of these results are far reaching – by adjusting diffusion of
nutrients, a more applicable ex vivo model can be created to mimic the hypoxic and nutrient deprived conditions of the intervertebral disc in
both a degenerative and a healthy state.
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Injectable Collagen Matrices with Bio-Instructive Properties for Dentin-Pulp Regeneration
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Dental pulp plays a vital role in tooth development as it harbors progenitor/stem cells (DPSCs) that proliferate and differentiate into dentinsecreting odontoblasts. Dental pulp injury caused by caries or trauma, leads to inflammation, which if left untreated, results in pulp necrosis.
Regenerative endodontics aims to engineer a metabolically active and functional dental pulp. It requires blood vessel formation in an
extracellular matrix (ECM)-mimicking microenvironment. Like other stem cells, DPSCs are also multipotent and a unique source for both
endothelial and odontoblast cells due to their differentiation ability. Current stem cell transplantation strategies lack efficacy because they lack
a suitable cellular niche to modulate lineage-specific differentiation. We hypothesize that oligomeric collagen-fibril matrices of precise stiffness
can induce DPSCs differentiation into odontoblastic and endothelial lineages. We evaluated the long-term cell survival and differentiation of
DPSCs on matrices of varying stiffness to induce endothelial and odontogenic differentiation, respectively. We hypothesized that the lower
stiffness collagen (235Pa) would induce differentiation of DPSCs to an endothelial lineage and the higher stiffness collagen (800Pa) would
induce differentiation of DPSCs to an odonto/osteogenic lineage. We further hypothesized that incorporation of vascular endothelial growth
factor (VEGF) and bone morphogenetic protein (BMP-2) into the gels would enhance the endothelial and osteogenic differentiation ability. Cell
spreading was enhanced in the matrices with VEGF. On day 3, cells demonstrated a tubular morphology with profuse spreading in the
presence of VEGF matrices. Cells cultured on 800Pa matrices demonstrated slow migration compared to low stiffness matrices. The expression
levels of VE-Cadherin were higher compared to vWF and PECAM, and the effect of VEGF incorporation was evident. ALP activity was observed
in cells cultured in 800Pa collagen gels even in the control media demonstrating the effect of stiffness on osteogenic differentiation of cells. The
presence of BMP-2 increased mineralization levels in the collagen matrices. Collectively, the current study demonstrates that collagen matrices
of specific stiffness (235Pa and 800Pa) could induce endothelial and osteogenic differentiation, respectively, and that the effects are enhanced
in the presence of growth factors.
Funding: NIH/NIDCR (R01DE026578)
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Hardening and biological properties of nanoparticle-based cement  
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Many types of bone cements are commercially available in clinical field. So far, a lot effort has been made to overcome shortcomings such as
brittleness or uncontrolled degradation by adding polymers or nanoparticles. Here, we reported a new type of bone cement made from
nanoparticle itself. The hardening was enabled by mixing nano-sized cement powders, which containing different amount of Ca ions (0, 5, 15,
and 25%) within the silica network, with various aqueous solutions. Eight types of nanoparticle groups, classified by the Ca amount and
mesopore size (small and large), were investigated for cementation properties. The characteristic of nanoparticles and ionic strength of the
aqueous solutions affected the hardening time of the cement. TEM images of hardened cement revealed that the formation of a few particles
on the initial nanoparticle surface. Furthermore, detailed mechanism of cementation, as studied by EDS, XRD, FT-IR, XPS and NMR,
demonstrated newly formed small particles in amorphous phase composed of Ca, Si and P might network the initial nanoparticles. Cement
exhibited higher surface area compared with the conventional tricalcium phosphate cement (TPC). Consequently, nanoparticle based cement
showed higher protein loading capacity (especially positive charged proteins) than TPC (~163 times). Ca and Si ions were released from
cement over 2 weeks and these released ions elicited excellent cellular responses including osteogenesis and angiogenesis. Moreover, the
implantation of cement in calvarial bone defect model proved excellent osteoinductivity as well as osteoconductivity. Overall, the nanoparticle
based cement maybe useful for bone regeneration as an alternative of TCP.
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Microfilm-inspired high-throughput platform to screen 3D cell-materials interactions  
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Based on the concept that microfilms are scaled-down reproductions of documents, we propose a microfilm-inspired apparatus to screen cellmaterial interactions in which cell-laden hydrogel microfibers are representative of physiologically relevant 3D tissue engineering
microenvironments. Our “filmstrip” is a hydrogel microfiber produced with a microfluidic system and with a flow-focusing chip by the pulsatile
flow of polymeric solutions in the inner channel in anti-phase with the outer channels. In our system, the still images (frame) are the individual
compartments made from the solution of the inner channel in which cells are encapsulated. Each frame is then separated by an acellular part
(frame lines). The length of the frames and of the frame lines can be independently controlled by changing the parameters of the process
(pressure or flow rate) while the width is defined by the size of the chip (300-400 um). The frames can be constituted by different materials
and/or different cell types. Thanks to a microfluidic mixer, the composition of the cellular frames can vary along the length of the fiber to create
linear gradients of materials and cells. This allows creating a library of materials blends and correlating the composition of the
microenvironment to specific cell responses. The fibers are produced with an oil-free approach that surpass the constraints of the emulsion
systems. The “microfilm”, from few centimeters to some meters in length of fiber, placed on a custom-made transparent spool permits an
automated characterization of the cell response and the respective correlation to the original composition of the frame, based on its position
along the fiber. Therefore, the identification of the best material/composition for the differentiation of human adipose stem cells (hASCs) into
the osteogenic lineage and the co-culture with endothelial cells has been achieved. The herein proposed approach allows the fabrication of
multiple 3D cell-laden hydrogel-based platforms for the screening of cell-materials interactions and selection of conditions for the development
of improved tissue engineering approaches.
The authors would like to acknowledge Portuguese Foundation for Science and Technology for grant SFRH/BPD/109595/2015 (AFC), SFRH/
BD/131188/2017 (RSR) and FCT/MCTES - IF/00945/2014 (APM)
This work was supported by European Research Council grant agreement ERC-2012-ADG 20120216-321266 for project ComplexiTE.
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Novel Alginate Hydrogels: Two Modes of Degradation and Dual Crosslinking for Local Patterning of Biophysical
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Aline Lueckgen1，Daniela S Garske1，Agnes Ellinghaus1，Rajiv M Desai2,3，Peter Fratzl4，David J Mooney2,3，Georg N Duda1,5，Amaia Cipitria1,4,5
Julius Wolff Institute & Center for Musculoskeletal Surgery, Charite - Universitaetsmedizin Berlin, Germany，2School of Engineering and Applied Sciences - Harvard University, Cambridge, USA，
Wyss Institute for Biologically Inspired Engineering, Harvard University, Boston, USA，4Department of Biomaterials - Max Planck Institute of Colloids and Interfaces, Potsdam, Germany，
5
Berlin-Brandenburg Center for Regenerative Therapies, Charité - Universitätsmedizin Berlin, Germany
1
3

Introduction:
Biomaterials with tunable degradation kinetics can be used to mimic the dynamic microenvironment that cells are exposed to and thereby
recapitulate the reciprocal interplay between the ECM and the surrounding cells. We developed an alginate-based material system with two
different crosslinking types and two different degradation modes. The first one relies on spontaneous Diels-Alder chemistry of norbornene and
tetrazine functional groups, with the potential to impart hydrolytic degradation via oxidation of the polymer backbone. The second one relies
on UV-initiated thiol-ene chemistry with the potential to impart enzymatic degradation via incorporation of MMP-sensitive peptide crosslinkers.
Methods & Results:
Initial mechanical properties of both systems were controlled by the amount of norbornene on the polymer backbone and the stoichiometric
ratio of norbornene to tetrazine or the concentration of peptide crosslinker, respectively.
Degradation of a subset of materials was assessed by tracking the wet weight and elastic modulus in media or enzyme solutions depending
on the material’s susceptibility to hydrolysis or enzymatic attack. Materials were rendered cell-compatible via conjugation of thiol-coupled RGD
sequences linked to remaining available norbornene groups. 2D and 3D cell compatibility were verified by quantifying cell number and viability
over time.
In vivo degradation of the most promising degradable material was determined by implanting Cy5-coupled hydrogels subcutaneously into the
backs of C57/Bl6 mice and measuring their fluorescence signal over 8 weeks. Additionally, histological stainings were performed at week 8 to
evaluate cell infiltration and fibrous capsule formation.
Outlook:
As these crosslinking chemistries are orthogonal, they can be combined, resulting in dual crosslinked materials. Furthermore, because the
thiol-ene reaction requires initiation by UV, the precise location and timing of this step can be controlled via photomasks to generate patterns.
By taking advantage of this feature, we engineered and confirmed patterns in mechanical properties and biomolecule presentation by
nanoindentation surface mapping and visualization of selective cell attachment, respectively. This biomaterial-based strategy allowing control
over degradability in addition to biophysical and biochemical patterning could direct cell behavior and support guided tissue regeneration.
Acknowledgements:
This work was funded by the DFG Grant CI203/1-2.
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Design of a novel microfeatured poly (glycerol sebacate) methacrylate (PGSM) scaffolds for corneal regeneration
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Limbal epithelial stem cell (LESCs) culture has reached the point of development that allows its adequate use in tissue engineering. However,
the survival of the cells after transplantation in host tissue has not been successful. The main challenge is the development of an efficient
carrier that delivers cells to specific sites and ensures their survival. Previous biomaterials used in corneal regeneration lack a proper limbal
stem cell (niche) microenvironment that can offer physical protection to stem cells. The microenvironment improves cell survival after
transplantation and mimics the characteristics of the corneal limbus.
We have designed and produced a novel microfeatured poly(glycerol sebacate) methacrylate (PGSM) implantable outer rings with welldefined niches, whose 3D shape can be modified as required. This is the first report of microfeatured PGSM scaffolds for corneal regeneration.
The stem cell pockets are expected to improve healing of the cornea through re-epithelization, increase survival through physical protection,
and efficiently deliver stem cells to their destination.
Synthesis of PGSM is carried out by the polycondensation of sebacic acid and glycerol. Methacrylate groups have been added to the PGS
molecule to obtain an additional level of control over its strength, degradation, crosslinking density and elongation. These groups also allow
UV curing, avoiding polymer degradation in heat-based curing. Two variations PGSM scaffolds were synthesized, each with different
methacrylation percentages: 50% methacrylated PGSM high internal phase emulsions (HIPEs), and 30% methacrylated transparent PGSM
scaffolds. FTIR analysis confirmed the addition of methacrylate groups, and GPC analysis determined an average molecular weight of 20,000
Da. The scaffold morphology was observed through SEM and confocal light microscopy.
PGSM shows high biocompatibility, tuneable degradation, mechanical and physical surface properties, making it an ideal candidate for softtissue applications. Previous results obtained from our research group suggest that these microfeatured PSGM-based scaffolds will improve
limbal stem cell survival after implantation in the host tissue.
Acknowledgments:
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Alginate and mesenchymal stem cells (MSCs) are studied today due to their potential applications in regenerative medicine. The aim of this
research has been to investigate which alginate and calcium chloride concentrations are suitable for MSCs as a strategy in regenerative
medicine. MSCs (400,000/well) were mixed to 1% alginate (w/v) and treated with different concentrations of calcium chloride (0; 25; 50; 75
and 100mM) to reticulate the biomaterial. As control, the cells were cultivated in the tissue culture plate. In a further experiment, the cells
were mixed to 0.5% and 1% alginate and 50mM of calcium chloride were added. Finally, the MSCs, in a concentration of 100,000, 200,000
and 400,000 cells per well were added to 1% alginate and treated with 50mM calcium chloride. The experiments were performed with MSCs
obtained from human exfoliated deciduous teeth; cell viability was assessed via MTT assay and visualized with fluorescence microscopy after
fluorescein diacetate and propidium iodide staining. To evaluate the cytotoxicity, the lactate dehydrogenase enzyme and free calcium was
quantified. After seven days there was no significant statistical difference between the scaffolds with 1% alginate crosslinked with 50mM
calcium and the 100,000 cells and the control wells. However, in higher concentrations (especially 400,000 cells/well) cell viability was
superior in the scaffolds. Furthermore, free calcium concentrations remained constant and LDH dosages corroborated with the data above.
After seven days, the average absorbances of the 400,000 cells in 1% alginate scaffolds with 25 and 50mM calcium were superior to the
control; however, the experiments have demonstrated that 25mM was not sufficient to completely reticulate the alginate, giving rise to soft
gels. Furthermore, the 1% alginate scaffolds showed better results in terms of viability when compared to the control and the 0.5% alginate
generated very malleable scaffolds, leading to the loss of a number of cells during the manipulations. These results suggest that alginate
provides a three-dimensional microenvironment, which seems to favor survival of big quantities of cells, while the same amount of cells
cultivated in the tissue culture plate may not have the same conditions. The 1% alginate and 50mM calcium chloride demonstrated the best
results in mimicking, the characteristics of a natural extracellular matrix.
Financial support: MCTI, FINEP, CNPq and Stem Cell Research Institute.

196

a92060

01-P398

Application of carbon nanotubes/silver (CNTs/Ag) – carboxymethylcellulose (CMC) films for differentiating
embryo-derived stem cells into neuron-like cells

Hyun Jyung Oh，Se Won Yi，Hye Jin Kim，Jung Sun Lee，Ji Sun Park，Keun Hong Park
Department of Biomediacal science, collage of Life science, CHA University, 689 Sampyung-dong, Bundang-gu, Seongnam-si, Gyenggi-do,463-400, Korea

With the development of nanotechnology, carbon nanotubes (CNTs) that have been used industrially can be used for stem cell differentiation.
In this study, electrically conductive carbon nanotubes/Ag (CNTs/Ag) with carboxymethyl cellulose (CMC) was developed to neuronal
differentiation of embryo-derived stem cells. CNTs/Ag is multifunctional and widely available as nanostructures with electrical conductivity.
Although CNTs/Ag was not well dispersed, it can be dispersed by using the viscosity of CMC. We made a conductive films based on the use of
sodium CMC to CNTs/Ag in water. Those properties were analyzed by scan electron microscope (SEM), transmission electron microscopy
(TEM), energy-dispersive X-ray spectroscopy (EDX), and conductivity measurement. After CNTs/Ag-CMC films were made on cover glass,
embryo-derived stem cells (EDSCs) were differentiated. EDSCs could exchange current between cells by CNTs/Ag after an electronic shock.
EDSCs grown on CNTs / Ag-CMC films became neuron-like cells and could be identified by western-blot, RT-PCR, and immunofluorescence.
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Effect of Bioengineered Three-Dimensional Hyaluronic Acid Hydrogels on the Signaling Pathways during
Mesenchymal Stem Cell Chondrogenesis

Bogyu Choi，Jinsung Ahn，Soo-Hong Lee
Department of Biomedical Science, CHA University, Korea

To design a novel stem cell niche for cartilage tissue engineering, many researchers have tried to investigate how cells interpret
microenvironmental signals. Yet most of these signaling studies have been performed in 2D environments. Although 2D in vitro studies are
useful to explain general principles about the regulation of cellular signaling pathways by biochemical and biophysical cues, they do not
recapitulate phenomena in 3D microenvironments. It is not clear whether regulation of TGF-β3/Smad and MAPK signaling pathways during
chondrogenesis in 3D microenvironments are comparable with those in 2D environments. In this study, we prepared cytocompatible and
photocrosslinkable TGF-β3 conjugated hyaluronic acid (HA) hydrogel system, and then compared 2D and 3D TGF-β3/Smad and MAPK
signaling pathways in human adipose derived stem cells (hASCs) using tissue culture polystyrene plates for 2D and HA hydrogels for 3D. We
found that chondrogenesis in 3D was enhanced compared to 2D and phosphorylation of Smad2 and ERK increased with TGF-β3 treatment
and phosphorylation of p38 and JNK increased when hASCs were encapsulated in HA hydrogels. Taken together, these results showed that
TGF-β3/Smad and ERK signaling was dependent on the addition of the biochemical cue, TGF-β3, while MAPK signaling of p38 and JNK was
dependent on the biophysical cue, dimensionality. Additionally, our results suggest that the interplay of biochemical and biophysical factors on
cellular signaling pathways should be considered when designing novel biomaterials for tissue engineering.
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Influence of nitric acid treatment of 3D-printed titanium on osteoblast differentiation of bone marrow
mesenchymal stem cells   
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Oral and Biomedical Sciences, School of Dentistry, Cardiff University, Cardiff, UK，2Renishaw Plc, New Mills, Wotton-under-Edge, Gloucestershire, UK, GL12 8JR，3Ecole Polytechnique de Nice
Sophia Antipolis, Université de Nice Sophia Antipolis, Biot, France, 06410
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Background: Dental implants are commonly milled from titanium and its alloys, and are routinely treated with nitric acid to remove
contaminants. Nitric acid treatment has also been proposed to increase the surface oxide layer, changing surface chemistries that could
influence the osteogenic processes. New technology offers the ability to 3D print titanium implants with potential to design a broad range of
new surface topographies that accelerate osseointegration processes. The aim of this study was to assess the need for nitric acid treatment of
a standard 3D printed titanium surface with respect to promoting osteoblast differentiation.
Methods: Ti6Al4V discs were produced from raw powder using a Renishaw AM250 3D printer to achieve plain surface discs. Discs were then
polished to remove loose particles and to achieve an average Ra of 1 µm ±0.1 µm. Surfaces were exposed to 35% and 17.5% nitric acid for
either 30 or 15 minutes. Untreated discs and plastic surfaces served as controls. Surfaces were further characterised by SEM and contact angle
analysis. The attachment and proliferation of bone marrow-derived mesenchymal stem cells (BMMSCs) was examined using MTT assay (0-7
days) and ability to promote osteoblast differentiation by examining runx2 by qPCR (0-7 days).
Results: Changes in osseointegration potential were measured against the ability of a surface to support moderate cell proliferation which
subsequently plateaued; correlating with early expression of runx2. Exposure of discs to nitric acid did not affect surface wetting (contact
angles of approximately 67°calculated for all surfaces) and hence gross chemical characteristics. Treatment with nitric acid appeared to have
no influence on cell expansion. Treatment of surfaces with nitric acid suggested trends for a delay in the expression of runx2 and hence
osteoblast differentiation compared to untreated 3D printed surfaces. This untreated titanium surface also demonstrated promotion of runx2
gene expression compared to cells grown on a plastic surface.
Conclusions: The process of 3D printing titanium offers great advantages for implant surface design to promote osseointegration. However, our
results suggest that care needs to be taken in subsequent treatments of the surfaces in order not to negate beneficial osteogenic properties.
Further physiochemical analyses are required to determine the full extent of the effect of nitric acid passivation on surface finish, composition
and chemistry.
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A screening platform to discover novel cell-adhesion peptides for 3D cell culture applications

Aurelien Forget，Nick Huettner，Tim R. Dargaville
Queensland University of Technology, Brisbane, Australia

Cell-adhesion peptides, inspired by natural extracellular matrix (ECM) macromolecules, have had a tremendous impact on the design of 3D cell
culture platforms for the mimicry of mammalian tissues. Healthy and diseased tissues exhibit considerable differences in their extracellular
composition. It is now well established that the discrepancy in ECM composition and thus the presented cell-adhesion motifs play a significant
role in several biological events such as cell migration, inhibition of cancer metastasis or wound healing. However, current 3D cell culture
systems only use a handful of these peptides because it is risky and time-consuming to utilize unconventional cell-adhesion peptides. These
limitations result in a similarity in the 3D cell culture designs, with many adhesion peptides that could potentially facilitate the fabrication of
more accurate and diverse synthetic ECM remaining untested. Therefore, approaches that quickly identify the role of cell adhesion peptides in
synthetic cell environments are crucial to unlocking the full potential of a growing cell-adhesion peptide library.
This work presents a platform inspired by high-throughput screening techniques used for drug discovery, to identify the characteristics of
untested cell-adhesion peptides. We demonstrate that with this approach, we can screen libraries of cell-adhesion peptides in 3D hydrogels
and identify new peptides relevant for cell adhesion and migration. These results are expected to promote the use of a broader spectrum of
cell-adhesion peptides, which in turn could lead to improved cell culture models, implants and wound dressings.

198

a93500

01-P402

Current Challenges and Future Opportunities for Biomaterials  In Tissue Engineering and Regenerative Medicine

Rena Bizios
Dept. of Biomedical Eng, U of Texas at San Antonio, San Antonio, TX, USA

Currently design and development of novel biomaterials has reached a “steady state” plateau. Pertinent developments have been either
incremental or “refinements” of existing biomaterials (e.g., those approved by federal regulatory agencies). Recent successful developments
incorporated information from novel, seminal, and pertinent advances in the biological/physiological/medical fields to biomaterials design,
synthesis and formulation. Continuation of such trends are inevitable because the biomedical scientific frontiers are untapped sources of
inspiration leading to novel biomaterial-related developments. Such approaches require close attention to advances at the tissue, organ,
molecular, cellular and gene levels, keeping track of clinical needs and developments in the frontiers of medicine, as well as creative translation
and application of the latest developments in the aforementioned biomedical fields to biomaterial designs and formulations pertinent to
applications in tissue engineering and regenerative medicine.
How can the biomaterials field meet these challenges and benefit from the new scientific advances and opportunities? Pertinent approaches
include (but are not limited to) the following: (1) investigation, development, and application of novel approaches to biomaterial design,
synthesis, and formulation; (2) expanding the training of the next generations of biomaterial scientists/engineers to include broader immersion
in the basic biomedical/physiological sciences; (3) interdisciplinary collaborations among scientists, clinicians, and engineers to bring together
knowledge from medicine, cell biology, molecular biochemistry, physiology, biomedical engineering and other developing biomedical fields and
thus provide inspiration and novel ideas for future biomaterial-related applications.
Undoubtedly, the biomaterials field is presently in the crossroads but still has the potential for future developments, success, and
contributions.
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  Pre-clinical Evaluation of Novel Mucoadhesive Bilayer Patches for Local Delivery of Clobetasol-17-Propionate to
the Oral Mucosa   

Helen E Colley1，Zulfhami Said1，Martin E Santocildes-Romero1，Sarah R Baker1，Katy D'Apice1，Jens Hansen2，Lars Siim Madsen2，Martin H Thornhill1，
Paul V Hatton1，Craig Murdoch1
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Oral lichen planus (OLP) and recurrent aphthous stomatitis (RAS) are chronic inflammatory conditions often characterised by erosive and/or
painful oral lesions that have a considerable impact on quality of life. Current treatment often necessitates the use of steroids in the form of
mouthwashes, creams or ointments but these are often ineffective due to inadequate drug contact times with the lesion. Here we evaluate the
performance of novel bilayer mucoadhesive patches for uni-directional delivery of the steroid Clobetasol-17-propionate to the oral mucosa.

Electrospun polymeric patches with an impermeable backing layer and mucoadhesive drug delivery layer were produced and characterised for
their physical properties in the laboratory. The drug release profile, drug penetration and cytotoxicity of the system in delivering Clobetasol-17proprionate was evaluated using ex-vivo porcine oral mucosa and tissue engineered human oral mucosa. The ability of the system to deliver
Clobetasol-17-proprionate effectively into the oral mucosa, and local and systemic drug safety, was then confirmed in in vivo mini-pig studies
before evaluation of residence time and acceptability of the drug delivery system in a human volunteer study.

Clobetasol-17-propionate incorporated into the patches was released in a sustained manner in both tissue-engineered oral mucosa and ex
vivo porcine mucosa. Clobetasol-17 propionate-loaded patches were further evaluated for residence time and drug release in an in-vivo animal
model and demonstrated prolonged adhesion and drug release at therapeutic-relevant doses and time points without local or systemic
toxicity. Human studies confirmed long adhesion (residence) times and high levels of patient acceptability for use of the oral adhesive patches
in the treatment of oral mucosal disease.

In summary, these data show that electrospun patches are adherent to mucosal tissue without causing tissue damage, and can successfully be
loaded with and release Clobetasol-17-propionate and other clinically active drugs into the oral mucosa in a sustained therapeutic manner.
These patches hold great promise for improving the treatment of OLP, RAS and other immunoinflammatory oral diseases and are ready to enter
phase 3 clinical trials.
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Tissue engineered biphasic silk fibroin scaffolds improve tendon-to-bone healing in a patellar tendon model
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Tissue engineering is an attractive strategy for tendon-to-bone interface repair. The structure and extracellular matrix composition of the
interface are complex and allow for a gradual mechanical stress transfer between tendons and bone. Thus, scaffolds mimicking the structural
features of the native interface may be able to better support functional tissue regeneration. In this study, we fabricated in 2 different ways,
biphasic silk fibroin scaffolds designed to mimic the gradient in collagen molecule alignment present at the interface. The scaffolds had two
different pore alignments: anisotropic at the tendon side and isotropic at the bone side. Total porosity ranged from 50 to 80% and the majority
of pores (80-90%) were <100-300 µm. Young’s modulus varied from 689 to 1322 kPa depending on the type of construct. In addition, human
adipose-derived mesenchymal stem cells were cultured on the scaffolds to evaluate the effect of pore morphology on cell proliferation and
gene expression. Biphasic scaffolds supported cell attachment and influenced cytoskeleton organization depending on pore alignment. In
addition, the gene expression of tendon, enthesis and cartilage markers significantly changed depending on pore alignment in each region of
the scaffolds.
Subsequently, we administered these scaffolds in a patellar tendon enthesis defect model in the rat. As controls, collagen scaffolds and empty
defects were used. The animals (n=12 per group) were observed for 4 and 12 weeks by X-ray, µCT, histology, biomechanics and qRT-PCR. No
failure in any of the scaffold groups occured. The empty groups and the collagen control showed ossifications in the tendon region, whereas
the biphasic scaffolds did not. Histology and qPCR indeed confirmed tendon regeneration in the tendon part of the biphasic scaffolds.
Furthermore, biomechanic testing showed superior results of the biphasic scaffolds over the control groups. The mechanical parameters were
close to those of native patellar tendon enthesis.
In conclusion, the biphasic scaffolds fabricated in this study show promising features for tendon-to-bone tissue engineering.
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An Antibiotic-Eluting Scaffold with a Microbially Induced Dual-Release Mechanism for the Treatment of
Osteomyelitis

Eamon J Sheehy1,2,3，Amro Widaa1,2，Peter O' Donnell1,2，Emily Ryan1,2，Alan Ryan1,2,3，Gang Chen4，Robert T Brady1,2，Steven Kerrigan5，Fergal J O'Brien1,2,3
Tissue Engineering Research Group, Department of Anatomy, Royal College of Surgeons in Ireland, Dublin, Ireland，2Trinity Centre for Bioengineering, Trinity College Dublin, Dublin, Ireland，
Advanced Materials and Bioengineering Research Centre, Trinity College Dublin, Dublin, Ireland，4Department of Physiology and Medical Physics, Microsurgical research and training facility,
Royal College of Surgeons in Ireland, Dublin, Ireland，5Molecular and Cellular Therapeutics, Royal College of Surgeons in Ireland, Dublin, Ireland
1
3

Introduction
Osteomyelitis (OM) is a progressive, inflammatory infection of bone caused by infectious microorganisms, predominately Staphylococcus
Aureus (S. Aureus). The standard treatment for chronic OM, which involves surgical debridement of the infected bone and systemic antibiotic
administration, often fails to fully eradicate the infection and, furthermore, contains no component to promote regeneration of the bone.
Therefore, there is an unmet clinical need for a therapy that combines a local delivery of antibiotic to aid bacterial clearance with a biomaterial
capable of promoting bone regeneration. The objective of this study was to fabricate a biodegradable scaffold capable of delivering an
antibiotic in a dual-release (DR) manner, with a burst-release (BR) to eliminate bacteria and a controlled-release (CR) to prevent reoccurrence
of infection. We hypothesised that this DR scaffold, when implanted, would have the capacity to treat infection and regenerate bone in a
murine model of OM.
Methods
Vancomycin was incorporated into separate BR and CR collagen/hydroxyapatite scaffolds (*formulations not disclosed due to IP restrictions),
and the release kinetics of the two scaffolds were determined. The separate scaffolds were then combined into a single DR scaffold using a
layering technique [1] and the bactericidal capacity of this scaffold was tested against S. Aureus in vitro. Uni-cortical defects were created in
the tibiae of C57BL6 mice and inoculated with S. Aureus. After 2 weeks, the infected sites were debrided and either left empty or treated with
the DR scaffold.
Results & Discussion
BR scaffolds released ≈85% of the incorporated antibiotic in 2 days, whereas, as desired, CR scaffolds released the antibiotic at much slower
rate. Interestingly, when microbial collagenase was added to the CR scaffold, a spike in antibiotic release was observed demonstrating that the
scaffold is responsive to microbial activity and will elute its antibiotic when most needed. When BR and CR scaffolds were combined into a DR
scaffold, this scaffold was found to be bactericidal in vitro. Most importantly, the DR scaffold reduced bacterial levels in vivo, and demonstrated
successful bone regeneration indicating that the scaffold may present a novel treatment option for OM.
References
[1] Levingstone TJ, et al. A biomimetic multi-layered collagen-based scaffold for osteochondral repair. Acta biomater, 10 (5) 2014.
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Laminin heparin-binding peptides promiscuously bind growth factors and enhance diabetic wound healing

Jun Ishihara，Ako Ishihara，Kazuto Fukunaga，Priscilla Briquez，Michael White，Koichi Sasaki，Jeffrey Hubbell
University of Chicago

Laminin is a key component of the basement membrane extracellular matrix (ECM). Laminin regulates tissue morphogenesis. In this study, we
show that multiple laminin isoforms promiscuously bind to growth factors (GFs) with high affinity (nM range dissociation constant), through
their heparin binding domains (HBDs) located in the a chain LG domains. Interestingly, these domains also bind to syndecan cell-surface
receptors, promoting attachment of fibroblasts and endothelial cells. We next explored application of these multifunctional laminin HBDs in
skin chronic wound healing in the db/db type 2 diabetic mouse. We demonstrate that covalent incorporation of laminin HBDs into fibrin matrix
enables the slow-release of GFs. Incorporation of the α33043-3067 laminin HBD significantly enhances in vivo wound-healing efficacy of vascular
endothelial cell growth factor (VEGF)-A165 and platelet-derived growth factor (PDGF)-BB, under conditions where the GFs alone in fibrin are
inefficacious. This mechanism of action was mediated by angiogenesis promotion and increased frequency of monocytes. α33043-3067 laminin
HBD-functionalized fibrin matrices enabled to promote wound-healing where a roughly 40- to 250-fold lower dose of GFs compared to other
study. This laminin HBD peptide may be clinically useful by improving biomaterials as both GF reservoirs and cell scaffolds, leading to effective
tissue regeneration.
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Material-driven fibronectin nanonetworks rescue collagen IV secretion in mutant cells
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Mutations in the extracellular matrix (ECM) protein collagen IV (col IV) have been implicated in a broad spectrum of vascular diseases,
including intracerebral haemorrhaging. Indeed, col IV is a major component of the specialised ECM structures that underlie all endothelial and
epithelial cells – the basement membrane (BM) – providing them with structural support and signalling cues. Mutations in the genes COL4A1/
COL4A2 cause defects in the BM, via the incorporation of the mutant protein or its absence due to retention and accumulation in the
endoplasmic reticulum (ER stress).
In this study, we aim to provide novel insights into the mechanisms of col IV diseases by investigating the behaviour of cells with a COL4A2
mutation, COL4A2+/G702D mutant fibroblasts, using defined engineered microenvironments composed of synthetic polymers – poly(methyl
acrylate), PMA, and poly(ethyl acrylate), PEA – which are able to organise the assembly of ECM proteins – laminin, col IV and fibronectin (FN) –
upon simple adsorption.1 On PEA, FN was adsorbed in the form of interconnected nanofibrils, and these nanonetworks were revealed to
induce increased secretion of col IV when mutant cells were cultured onto them compared to PMA, where adsorbed FN maintained a globular
conformation. Increased levels of molecular chaperones and reduced ER area suggested an increased collagen IV folding capacity on PEA.
Enhanced formation of focal adhesions was also seen on FN-coated polymers, where ligand density and actin-myosin contractility accounted
for the observed increase in cell adhesion strength. Most interestingly, the protein matrix deposited by mutant cells cultured on the FN
nanonetworks showed a significantly higher Young modulus (~7.5 to 18 kPa) than on PMA (~4.3 to 11.5 kPa), as measured by atomic force
spectroscopy.
Collectively, these findings provide a basis of concept that materials, through changes in the interfacial layer of adsorbed proteins, may be
employed to modulate effects of col IV mutations. Understanding the mechanisms through which these surfaces rescue col IV secretion of
mutant cells will prove valuable for the development of new therapeutic approaches to address pathologies due to these mutations.
References:
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Evaluation of Extracellular Matrices Derived From Various Tissue Sources to Modulate Mesenchymal Stromal Cell
Differentiation in vitro and to Promote Functional Musculoskeletal Tissue Repair in vivo   
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The interaction between cells and extracellular matrix (ECM) plays a key role in modulating several processes including cell proliferation,
differentiation and the regeneration of damaged tissues¹. Xenogeneic ECM-derived biological scaffolds have been used for various tissue
engineering applications in clinical settings due to their ability to provide both structural support and biological cues to aid tissue repair2. In this
study, ECM was isolated from porcine ligament (LIG), articular cartilage (AC) and growth plate cartilage (GP). ECM was solubilised using pepsin
and lyophilised to fabricate porous scaffolds. We hypothesized that these matrices contain functional cues to promote mesenchymal stromal
cell (MSC) differentiation towards tissue specific lineages in vitro and could be used to direct functional musculoskeletal tissue repair in vivo.
The first objective of this study was to evaluate the potential of ECM-derived biological scaffolds fabricated from three tissue sources to direct
MSC differentiation in vitro using 2D and 3D differentiation systems. Having demonstrated that AC–ECM scaffolds upregulated key cartilage
matrix genes and promoted robust chondrogenesis of MSCs in vitro we next sought to demonstrate in vivo efficacy of the AC-ECM scaffolds by
implanting acellular scaffolds into a caprine chondral defect model. Micro-drilling was performed to induce bleeding from the subchondral bone
to allow cells from the marrow to infiltrate the scaffolds, tissue repair is then evaluated 6 months post-surgery.
GP-ECM scaffolds were found to promote osteogenesis to a greater extent that LIG or AC scaffolds. Both GP and AC scaffolds secreted
vascular endothelial growth factor (VEGF) in vitro. To examine these scaffolds for use in bone repair applications; AC and GP scaffolds were
implanted into a critically-sized rat femoral defect model for 12 weeks.
This study demonstrates that AC-ECM contains cues that preferentially promote chondrogenic differentiation of MSCs. GP-ECM was found to
secrete VEGF and promote osteogenesis, characteristics which are key for bone repair applications. In conclusion, the choice of tissue source
is a critical parameter to consider when developing ECM-derived biomaterials for musculoskeletal tissue repair applications.
ACKNOWLEDGMENTS This research is funded by Enterprise Ireland grant CF/2014/4325
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A human-derived biomaterial for the automated production of 3D skin models
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Biological scaffold materials derived from decellularized extracellular matrix (ECM) have gained increasing interest because of their ability to
mimic the natural environment of cells by supporting the adhesion, proliferation and differentiation. The majority of decellularized tissues so far
have been derived from animals or isolated from cadavers. However, these sources of decellularized tissues cannot be standardized. All animalderived products additionally have the potential to cause immunologic reactions. Therefore, ECM derived from cultured human cell sheets
could have considerable merit for medical treatment and disease modelling.
Our group has developed a device for an automated production of bilayered tissue models for drug and chemical testing. However, apart from
the automation, a standardized biomaterial is essential for a highly reproducible production of 3D tissue models. Herein we present an
acellular ECM-based biomaterial derived from human fibroblast tissue sheets. We use the capability of primary fibroblasts to produce their own
ECM under defined conditions. The resulting tissue sheets are further decellularized and processed into an injectable biomaterial. Combined
with the cell suspensions it can be further polymerized at physiological temperature. The final skin model shares many properties with native
human skin and provides high mechanical stability. This approach allows the usage of different cell lines that secret ECM in various quality,
providing a different composition of extracellular matrix proteins. Therefore, customized disease models can be produced in a reproducible
manner. The herein described technique thus allows a standardized one-step production of bilayered tissue models and is a promising
alternative to animal testing.
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Complex Coacervation of Gelatin Methacryloyl and Alginate Facilitates Toughness and Ductility of Bioactive
Double-Network Hydrogels for Functional Cartilage Tissue Engineering
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The use of conventional hydrogels for the engineering of load-bearing tissues is severely limited by their brittleness, lack of energy dissipation,
and inadequate toughness, resulting in poor mechanical durability and ultimately implant failure. Here, we developed mechanically tough and
bioactive double-network hydrogels based on gelatin methacryloyl (GelMA) and alginate. We demonstrate that GelMA/alginate hydrogel
precursor solutions undergo entropically-driven liquid-liquid phase separation resulting from local electrostatic interactions of oppositely
charged macromolecules, a phenomenon otherwise known as complex coacervation. GelMA/alginate complex coacervate systems are
characterised by the formation of a highly concentrated coacervate phase dispersed as droplets within a dilute phase of macromolecules
(equilibrium phase), which result in micro-structured coacervate hydrogels upon sequential crosslinking. Our data suggests that a high level of
molecular entanglement in the coacervate phase allows for effective energy dissipation in response to loading. This process, which we
attributed to reversible biopolymer unfolding and the unzipping of alginate networks, produced a biomaterial with superior ductility, shape
recovery, stiffness and toughness. We demonstrate that GelMA/alginate coacervate hydrogels promote chondrogenesis of expanded human
articular chondrocytes and support the synthesis and accumulation of large quantities of hyaline cartilage-like extracellular matrix, which can be
further enhanced by intermittent biaxial mechanical stimulation mimicking physiological loading conditions. The hydrogel precursor solutions
also display shear-thinning behaviour, making them suitable for 3D printing applications. Taken together, these results demonstrate that
complex coacervation of GelMA and alginate can be used to generate tough and cell-instructive hydrogels for the ex vivo engineering of
cartilage tissues with enhanced mechanical functionality.
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3D Hybrid Structures for the Pre-Vascularization of Bone Tissue Engineered Constructs
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The pre-vascularization of tissue engineered constructs is one of the key aspects for their improved integration and subsequent tissue
regeneration1. The most common cell-based approach in the field is the mono-culture of endothelial cells (ECs) or their co-culture with other
cell types within 3D structures1. Among these structures, hydrogels are the ones that more closely resemble the native extracellular matrix, and
have shown to support ECs assembly2. However, when constructs with superior mechanical properties are needed, hydrogels cannot properly
cover all the desired scaffolding features alone. For improved structural properties, their reinforcement with other structures enhances the
stabilization of the hydrogel component and improves the mechanical strength of the whole construct3. These may also provide mechanical
stimuli and spatial guidance to cells. In this work, 3D hybrid scaffolds were developed by combining fibrous scaffolds of poly(ethylene oxide
terephthalate)/poly(butylene-terephthalate) (PEOT/PBT) with biofunctionalized pectin hydrogels. These were used as supporting structures for
the co-culture of human mesenchymal stromal cells (hMSCs) with human umbilical vein endothelial cells (hUVECs). 3D PEOT/PBT fibrous
scaffolds were prepared by spatially depositing polymer filaments obtained by wet-spinning using additive manufacturing, as previously
described4. Peptide-modified pectin hydrogels were obtained by internal gelation via ionic crosslinking5. Both cell types were able to establish
intercellular networks within the hybrid structures, with hUVECs being able to establish networks that remained stable for up to 28 days of
culture. The alignment and spatial arrangement of the hMCSs around the hUVECs networks suggested a mural cell-like behavior. When
hydrogels or fibrous scaffolds were used alone, such 3D organization could not be observed. This indicates the synergistic influence of both
structures of the hybrid system on the cellular behavior. Concomitantly, specific stains suggested the osteoblastic differentiation of hMSCs. The
in vivo inosculation capacity of the developed hybrid system is currently being evaluated.
REFS
1.Rouwkema J 2016 Trends Biotechnol
2.Nikkhah M 2012 Biomaterials
3.Visser J 2015 Nat Commun
4.Neves SC 2016 Biofabrication
5.Neves SC 2015 J Mater Chem B
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In dentistry, membranes are used for periodontal reconstruction in the process known as guided tissue regeneration (GTR). Over the past
decade, resorbable collagen-based membranes have become the standard of care for guided bone regeneration procedures in dental
surgeries. In this work a novel acellular small intestine submucosa (ASIS) was designed and fabricated via alkyl polyglucoside (APG)
decellularization treatment. The APG-treated ASIS consist of a decellularized tissue matrix layer containing matrix fiber in nanometer scale. In
the study, APG-treaded ASIS was prepared and evaluated the microstructure, composition, mechanical strength and its function as a barrier
membrane. The SEM observation showed the gradient porous changes from top to down and from loose to dense in APG-treated ASIS. Multilayers gradient structure could be observed at 45-degree tilt. The hydroxyproline content of ASIS membrane was 12.8 ± 0.5% comparing to
the purified collagen, 11.2 ± 0.8%, as negative control. The cytotoxicity data showed the cell viability (L929) of ASIS polar and additional
vehicle extract were 96.51 ± 9.52% and 99.31 ± 9.66%, respectively, comparing to which of negative control was 100 ± 12.93%. The
mechanical strength is generally accepted to be greater than about 200 gf. The testing results of suture pull-out strength of ASIS is 275.58 ±
14.46 gf higher than the suggested strength for clinical suture (>200 gf). In the implantation study, the ASIS membrane maintained its integrity
in 4 weeks and resorbable in vivo between 4 and 12 weeks, might suggest the ASIS qualified for being a candidate for the dental membrane.
This study suggests that APG-treated ASIS could be a good alternative dental membrane in the application of periodontal surgery.
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Improve cardiac repair with MI bone marrow c-kit+ stem cells and human heart valve-derived scaffold
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Cardiac tissue engineering using biomaterials with combination of stem cell offers a new therapeutic option for repairing infarcted heart. We
found that human heart valve derived scaffold (hHVS) may provide a cardiac microenvironment for stem cells. Upon anchoring onto the hHVS,
post infarct murine BM CD117+ cells exhibited an increased capacity for proliferation and cardiomyogenic differentiation. When used to patch
infarcted heart of myocardial infarction, either implantation of the hHVS alone or CD117+ cell seeded hHVS significantly improved cardiac
function, and reduced infarct size.
In addition, we hypothesized cardiac nature protein (NP), mainly including elastin and collagen, in hybrid PCL electrospun nanofibrous scaffold
could be effective as cardiac mimicking scaffold. BM CD117+ seeded on 80% NP/PCL exhibited increased proliferative capacity compared with
those seeded on pure PCL or cell culture plate. Both 80% NP/PCL and CD117+ seeded 80% NP/PCL effectively improved cardiac function after
4 weeks of transplantation, with reduced infarction area and restricted LV remodeling. Our observations provide some new choices for
myocardial infarction treatment both through hHVS based and cardiac nature protein (NP)/PCL electrospun biomaterials.
Identifying the optimal effective subpopulation in bone marrow stem cell is required for cell-based therapy for myocardial infarction (MI)
repairing. A protective role of AT2R has been shown in tissue repair and regeneration in heart. In our study, we found that the CD117+AT2R+
subset is superior to the CD117+AT2R-subset in improving cardiomyocyte protection and migration capacity in vitro. Additionally, intravenous
transplantation of CD117+AT2R+ BMMNC resulted in smaller infarct size and lower levels of inflammatory reactions in heart tissue, leading to a
higher whole heart function improvement. In conclusion, the CD117+AT2R+BMMNC subpopulation exerts a protective effect against MI and
may show therapeutic possibilities.
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Adjusting Cell Activity on Collagen-Based Biomaterials for Cardiovascular Repair
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Our goal is to produce collagen-based biomaterials able to facilitate the recovery of damaged tissues, in particular the heart following infarct.
Such biomaterials are often treated with EDC and NHS to obtain mechanical properties suitable for tissue engineering. However, this chemical
crosslinking involves residues located on collagen binding sequences. As a result, the attachment of collagen-binding integrin, discoidin domain
receptors (DDRs) and von Willebrand Factor (vWF) to collagen films are ablated by EDC treatment, which proves to be highly detrimental to
cell function.
We therefore developed a methodology to restore and enhance recognition of affected proteins to inert crosslinked collagen films and
promote cell activity. Our strategy consisted of grafting triple helical peptides (THPs), mimicking the natural structure of collagen, to crosslinked
collagen films through a photoreactive moiety to allow efficient and easy covalent linkage under UV exposure. THPs containing the GFOGER
and GPRGQOGVNleGFO active sequences successfully restored binding and function of α1β1 and α2β1 integrins (cell attachment and
spreading), DDR2 (tyrosine phosphorylation) and vWF (platelet aggregation) on cells when grafted onto crosslinked collagen films. This
technology was eventually transposed to 3-dimensional porous collagen scaffolds, with adjustable pore sizes to accommodate various cell
types.
With the future aim of making a heart patch able to induce cardiovascular repair, collagen cell-matrices were seeded with endothelial cells,
epicardial cells and cardiomyocytes. These cell line, differentiated from human ES or iPS cells, were able to retrieve their physiological behavior
by grafting photoreactive THP ligands to otherwise inert crosslinked collagen surfaces. The method presented here can therefore be used to
direct cell proliferation, activity, and eventually heart tissue regeneration. It is moreover applicable to other tissues, using a wide range of THP
ligands addressing diverse cell needs, as well as biomaterials of different compositions.
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Osteoinductive extracellular matrix coated graphene oxide-collagen composite scaffolds for  bone regeneration

Shaokai Liu，Shan Mou，Jiaming Sun，Zhenxing Wang
Department of Plastic Surgery, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China

Graphene and graphene derivatives, especially graphene oxide(GO) are receiving more and more interests in bone tissue engineering.
However, there were worries of biocompatibility and nanocarbon toxicity of GO composite materials. Here, we have investigated a biomimetic
composite scaffold by assembling Osteoinductive extracellular matrix(OiECM) derived from BMSCs to GO-Collagen(GO-COL) based 3D
scaffold.The morphology, mechanical properties, biocompatibility in vitro and osteogenic performance in vivo were examined. Results revealed
that the OiECM contains calcium nodules, fibronectin, Collagen I and BMP-2. The enhanced gene expression also suggest that OiECM could
induced the osteogenic potential of BMSCs. Furthermore, OiECM-GO-COL composite scaffold significantly improved the cell viability on the
scaffold while it still retained the mechanical properties of GO-COL scaffold. Finally, the OiECM-GO-COL composite scaffold shows excellent
reparative effects in rat calvarial defects model through synergistic effects of GO and OiECM. This study demonstrated a new way for
constructing biomimetic bone substitutes for better biocompatibility in tissue engineering and regenerative medicine.
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Regenerated organs are expected to solve the problem of donor-organ shortage in transplantation medicine. One approach for lung
regeneration is to decellularize the organ and reseed it with selected cells. The advantage of the procedure is recognized to reduce
immunogenicity because all cells can be replaced by autologous cells theoretically. However, we have little knowledge about extracellular
matrix (ECM) damage during the decellularization process and about ECM reconstruction during the organ regeneration process. Objective:
The purpose of our research is to evaluate ECM damage and reconstruction in decellularized and recellularized rat lung including xeno-antigen
(alpha-gal epitope: Galalpha1-3Galbeta1-(3)4GlcNAc-R) removal. Methods: The rat lungs were perfused with sodium dodecyl sulfate (SDS) and
Triton-X100 via pulmonary artery, then decellularized scaffold was reseed with rat or human endotherial cells and adiposed mesenchymal stem
cells (ASC). The extracellular matrix and α-gal antigen were evaluated with immunohistochemistry, western-blotting assay and
glycosaminoglycan assay. Results: Alcian blue staining revealed proteoglycan reproduction was increased by ASC addition to RLMVECrecellularized rat lung. GAG assay revealed that glycosaminoglycan was decreased in decellularized lung, and increased in recellularized lung
especially in ASC added group. Alpha-gal protein expression was immunohistochemically undetectable in decellualrized lung tissue. In western
blotting analysis, the bands of α-gal protein were disappeared after recellularization by human cells. Conclusions: The character of replaced
ECM might depend on the species and the type of recellularized cells. Therefore, α-gal protein will be eliminated after long time culture using
human cells.
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Skin scarring after deep dermal injuries is a major clinical problem due to the current therapies limited to established scars with poor
understanding of healing mechanisms. From investigation of aberrations within the extracellular matrix involved in pathophysiologic scarring, it
was revealed that one of the main factors responsible for impaired healing is abnormal collagen reorganization. Here, inspired by the
fundamental roles of decorin, a collagen-targeting proteoglycan, in collagen remodeling, we created a scar-preventive collagen-targeting glue
consisting of a newly designed collagen-binding mussel adhesive protein and a specific glycosaminoglycan. The collagen-targeting glue
specifically bound to type I collagen in a dose-dependent manner and regulated the rate and the degree of fibrillogenesis. In a rat skin
excisional model, the collagen-targeting glue successfully accelerated initial wound regeneration as defined by effective reepithelialization,
neovascularization, and rapid collagen synthesis. Moreover, the improved dermal collagen architecture was demonstrated by uniform size of
collagen fibrils, their regular packing, and a restoration of healthy tissue component. Collectively, our natural healing-inspired collagen-targeting
glue may be a promising therapeutic option for improving the healing rate with high-quality and effective scar inhibition.
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A Novel Injectable Bone Allogenic Substitute for Maxillo-facial Skeleton Regenerative Medicine
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In the maxillo-facial area, sequels of traumatisms, diseases or surgery, often lead to bone defects that fail to self-repair. Whereas the gold
standard of bone reconstruction remains the autologous bone graft (ABG), it exhibits some drawbacks (low amount of available tissue,
complication at the donor site and lengthening of the surgical time). To overcome these limitations, synthetic bone materials and allo- or
xenografts are used. Despite their clinical success, these bone substitutes still remain far from having the osteogenic capacity of ABG. In this
context, this work aims at developing a new injectable allogeneic bone substitute for maxillo-facial reconstruction.
An injectable allogeneic bone substitute (AlloBS, WO2015162372) has been produced from sifted decellularized cortico-spongious powders
(CSP, 0.5mm in diameter) of crushed human femoral heads. After being partially demineralized, the CSP is heated to obtain AlloBS, an
injectable scaffold composed of particles consisting in a mineralized core surrounded by demineralized bone matrix, engulfed in a collagen I
gelatin.
To assess the in vivo ability of AlloBS to support bone repair, we used a guided bone regeneration model in syngeneic Lewis 1A rat calvaria.
Briefly, two defects per rat (5mm in diameter, n=6 per condition) were filled with AlloBS or CSP. In a second set of experiment we performed a
comparative study with calvarial defects filled with AlloBS or synthetic bone substitute (biphasic calcium phosphate (BCP) granules, 0.5-1mm),
associated or not with syngeneic total bone marrow (TBM).
After 7 weeks, the percentage of mineral volume (MV) related to total volume (TV) was measured by µCT and histological analyses were
conducted using a Movat’s pentachrome staining. Quantitative analysis by µCT revealed a 1.7 (AlloBS), 1.8 (CSP) fold increase in MV/TV
compared with empty defects for the first set of experiments, and 1.9 (BCP), 2.1 (BCP+TBM), 1.7 (AlloBS), 2.4 (AlloBS+TBM) in the second set
of experiment. Histological analyses confirmed the presence of a mineralized tissue, exhibiting osteoid and a collagen-rich matrix in all the
tested conditions.
These data show that AlloBS is a promising candidate for maxillo-facial bone reconstruction with substantial osteogenic capacity as well as
injectability and ease of manipulation. To assess whether AlloBS may be a relevant clinical alternative to ABG, further experiments in larger
animal models of maxillo-facial bone defects are under consideration.
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Introduction
Oral candidiasis effects many immunocompromised patients and is difficult to target topically due to rapid drug loss from saliva washing that
occurs for creams, adhesive tablets and mouthwashes. Additionally, many candida strains are becoming increasingly resistant to current antifungal drugs. Hence, exploring alternative therapies, such as medium-chain fatty acids with known anti-fungal properties, is of great importance.
Electrospinning is a versatile manufacturing method which can be used to create a mucoadhesive therapeutic delivery device. This project
aimed to develop an electrospun polymer patch for sustained therapeutic delivery of fatty acids to inhibit growth of Candida albicans, the main
causative organism of candidiasis.
Methods
The anti-fungal ability of fatty acids (C5:0 to C12:0) were tested on azole-resistant and sensitive C. albicans strains. Tests include the agar disc
diffusion method to measure inhibition of C. albicans growth around fatty acid-impregnated filter discs, as well as the inhibition of an
established C. albicans biofilm treated with fatty acid solutions using an XTT assay. The fatty acids were electrospun into a poly ( ε
-caprolactone) (PCL) (10 w/w%) mats. Electrospun patches were punched from the spun mats and the previously mentioned tests repeated for
these patches.
Results
In their yeast form both azole-resistant and sensitive C. albicans strains were significantly inhibited by ocatnoic acid (C8:0) on filter discs and
nonanoic acid (C9:0) when incorporated in electrospun patches. For biofilm C. albicans, the electrospun PCL patches containing C9:0 to C12:0
showed significant inhibition, with lauric acid (C12:0) showing the best inhibition consistently.
Conclusion
Fatty acids (C7:0 to C12:0) successfully inhibited growth of both azole-resistant and sensitive strains of C. albicans, both in its yeast and biofilm
states. Furthermore, the electrospun patch was able to act as a delivery device for the release of fatty acid as a therapeutic agent to inhibit C.
albicans.
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Breast reconstruction surgery recently has been increasing after mastectomy of breast cancer patients. However, PDMS implants, which are
commonly used, have a problem of capsular contracture due to immune reaction in vivo, needs of synthetic polymer filler for breast
reconstruction are increasing.The synthetic products generally produce long-term results because they have lower degradation time in vivo
than naturally-derived filler, and they are also categorized more further by permanent or semi-permanent substances. Injectable liquid silicone,
poly (methyl methacrylate) and polyimide are examples of such a product respectively. But they are associated with a high incidence of side
effects.
This paper 2-hydroxethylmethacrylate(HEMA) based-polymer hydrogel was synthesized by redox polymerization to be used as biocompatible
material. As redox polymerization proceeded, the solution was generated heat, resulting in a gel. Notably, the hydrogel swelling properties and
confirmed the hydrogel has modulus similar to the modulus of standard dermal filler. To evaluate cytotoxicity of hydrogel samples, human
Fibroblast and human ADSCs were isolated from human adipose tissue and incubated with hydrogel eluate for 72h and 120h. The reulst was
confirmed that cells were viable. Our findings offers new approach to the synthesis of polymeric filler to be used in soft tissue reconstruction
application, such as in breast reconstructive surgery. We developed synthetic filling materials for breast reconstruction by using HEMA based
polymer hydrogel. The HEMA based polymer hydrogel filler is non-degradable, and therefore can retain breast shape permanently. The
polymer hydrogel synthesized by Redox polymerization and confirmed chemical structure of copolymer by conducting FT-IR and NMR. By
controlling the polymer hydrogel ratio, viscosity and degradability of the filler can be specified in vivo. By cyotoxicity assay and live&dead
images, we confirmed that the HEMA based polymer hydrogel is safety and biocompatibility materials to cell. To the best of our knowledge, we
suggest HEMA based polymer hydrogel filler has stable structures in vivo and biocompatibility for large scale permanent injectable filler for
breast reconstruction.
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Peripheral nerve injuries (PNI) are associated with poor neuron regeneration capacity, which can potentially be improved through
pharmaceutical therapies. Currently no drug treatments are routinely used clinically to improve recovery, despite identified drug candidates
demonstrating positive effects on nerve regeneration, including ibuprofen [1]. In past decades, local controlled-release drug delivery systems
have become more attractive because of the drawbacks in conventional drug treatments [2]. Local delivery could potentially improve clinical
outcomes due to the increased range of doses that can be given and the reduction in side effects. In the case of a nerve transection injury
where a biomaterial conduit would be used to bridge a gap then the material could be developed to also release a drug, providing a multiaxial
therapy combining structural support and local drug treatment. Many biocompatible materials such as ethylene-vinyl acetate (EVA) are used for
an extensive range of clinical applications involving long-term drug release.
This study aimed to characterise and test drug release from various biomaterials in order to obtain an optimal material for implantation and
sustained drug delivery for PNI. Ibuprofen-loaded biomaterial formulations were tested using UV-vis spectroscopy to determine drug release
profiles in vitro. EVA tubular conduits displayed an optimal drug release profile and so were implanted into a rat sciatic nerve transection
model as a cuff around a primary repair.
The results indicated that manipulation of material geometry and drug loading improved the sustained released of ibuprofen from EVA.
Furthermore, the in vivo model indicated that EVA was suitable for implantation at the injury site and ibuprofen released from this material
caused a significant increase in neuronal growth in comparison to an unloaded EVA tube conduit. In conclusion, this study showed for the first
time that local delivery of ibuprofen improves nerve repair and provides the basis for future development of drug-loaded biomaterials suitable
for clinical translation to treat PNI.

References:
1 Madura T., Tomita K., & Terenghi G. Ibuprofen improved functional outcome after axotomy and immediate repair in the peripheral nervous
system, JPRAS. 2011.
2 Yang, WY. and Pierstorff, E. Reservoir-Based Polymer Drug Delivery Systems. Journal of Laboratory Automation. 17(1), 50-58, 2012.
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Clinical islet transplantation (CIT) is a potential curative therapy for Type 1 Diabetes (T1D). Allograft rejection mediated by the host CD4+ T
cells is one major hurdle for successful CIT. Typically, inflammatory signals instigated from the surgical procedure recruit antigen presenting
cells (APCs) to the site, where they present donor antigens to the host CD4+ T cells, initiating rejection. Activated alloreactive CD4+ T cells
reinforce the cascade of rejection by facilitating the activation of host CD8+ T cells and B cells, causing comprehensive adaptive graft
destruction. Current clinical practice highly relies on long-term systemic immunosuppression, which can result in severe adverse events. Our
goal is to develop a biocompatible, effective, and localized therapeutic tool that achieves islet graft tolerance for improved CIT outcomes.
Studies have shown TGF-β1 as a promising immunoregulatory agent in promoting the induction of naïve CD4+ T cells into T regulatory cells
(TRegs) both in vivo and in vitro [1] by inducing FoxP3 expression while suppressing inflammatory Th1 and Th2 responses. High doses of TGFβ1, however, can induce fibrosis. Thus, a finely designed platform is needed for localized and extracellular TGF-β1 delivery. With this balance
in mind, we engineered PLGA microparticles (PLGA-MPs) that allow the localized delivery of TGF-β1 for immunomodulation of the transplant
site.
To date, we have (i) successfully fabricated particles from 50/50 PLGA loaded with recombinant human TGF-β1 (20 ng/mg PLGA) by double
emulsion (PVA(aq)- CH2Cl2- PVA(aq)) with detailed characterization in size (45 ± 26μm), TGF-β1 encapsulation efficiency (49.1 ± 0.1%), and
release kinetics (biphasic with durable release for 14 days); (ii) evaluated the effective induction of TRegs in both polyclonal and OVA-OTII
antigen-specific murine models via cytometry analysis; and (iii) shown efficacy of in vivo Treg conversion by PLGA-MPs in murine islet
allotransplantation, where accepted grafts showed improved insulin production and higher density of FoxP3+ cells via immune staining. Future
studies exploring the competency of this strategy to provide durable allograft protection in rodent models is on-going. Based on these
promising preliminary results, TGF-β1 PLGA-MPs could provide a translational therapeutic strategy to minimize islet graft rejection and the
dependency on systemic immunosuppression.
Reference: [1] McKarns SC, Schwartz RH. J Immunol.174(4):2071-83, 2005.
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Bacterial infection is a common and serious complication following implantation of a medical device or scaffold. This issue is particularly in
orthopaedic surgeries following traumatic injuries, which are often associated with heavy contamination. Antibiotic therapy remains the
standard treatment but often requires very high doses due to the protective effects of bacterial biofilms that can form on implanted material
surface. In addition, with increases in the number of drug resistant bacteria, advanced antimicrobial therapies are required for better patient
outcomes. Here we demonstrated that a coating system comprising nanoparticles of the trace element selenium (Se) and calcium phosphate
(CaP) material on polycaprolactone scaffolds which could inhibit growth of Staphylococcus aureus and reduce biofilm formation in vitro and
promote bone growth in a calvaria defect model in rats. The coating process is based on wet chemistry which has great potential to apply to a
wide range of surfaces. In vitro bacterial assays showed significant reduction of planktonic bacteria growth as well as bacterial biofilm
formation on the coating with Se nanoparticles and CaP compared to coating with CaP only. In vivo experiments showed a slightly higher
(p<0.05) new bone formation on the coating with Se and CaP. This study thus demonstrates that this versatile anti-infective coating could be
beneficial to improve treatment outcomes of patients receiving scaffolds or implants for bone tissue.
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Up to 50,000 girls and 213,000 adult women yearly in the United States require vaginal reconstructive surgery. There is a high rate of
complication associated with these surgeries, such as vaginal tissue scarring, which occurs in 73% of patients. Sequelae from vaginal fibrosis
can be life-long and lead to significant reductions in quality of life. Currently, there is no standard of care to reduce vaginal fibrosis after surgical
reconstruction. To manage vaginal scar tissue, patients must perform vaginal dilatation multiple times per week leading to inconvenience, pain,
bleeding, and other more serious complications such as vaginal perforation. Advances are being made in the surgical theatre, but techniques
and therapeutics to enhance postoperative vaginal wound healing are limited. Patients undergoing vaginal dilation are concurrently prescribed
conjugated equine estrogen cream (CEE) to promote tissue healing and reduce vaginal fibrosis. We have developed a thermogelling
norbornene-functionalized hyaluronic acid (NorbHA) vaginal stent that can be used postoperatively. Our dissolvable stent delivers estradiol
(E2), interleukin 10 (IL-10), or a combination of both in a temporally staggered release system. The vaginal stents were placed into a murine
vaginal injury model for 21 days. Results were analyzed after 3, 5, 10, and 21 days post-injury and comparisons were made between the CEE
cream and vaginal stent. Macrophage inhibiting factor 1 (MIF1) and transforming growth factor-β (TGFβ) expression were used as markers of
inflammation during vaginal wound healing. Vascular endothelial growth factor (VEGF) expression was used as a marker of angiogenesis.
Histology and immunohistochemistry were used to assess wound resolution and estrogen receptor (ER) density. A statistically significant
decrease in MIF1 expression was found in the group containing both IL-10 and E2 compared to the CEE cream. Greater expression of TGFβ
and VEGF were found in the groups containing E2, or E2 and IL-10 compared to the estrogen cream. ER density increases with E2 delivery, but
appears to be dependent on circulating estrogen levels.
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Mechanical Strength, Biodegradation, and In Vitro and In Vivo Biocompatibility of Zn-Based Biomaterials for
Cardiovascular and Orthopedic Applications

Donghui Zhu1，Yadong Wang2，Liping Tang3，Yufeng Zheng4
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Zn-based biomaterials have emerged as new types of biodegradable metallic materials with great potential for orthopedic devices,
cardiovascular stents, and other medical applications recently. Compared to other degradable metallic biomaterials (Mg- or Fe-based), Zn
biomaterials have a more appropriate corrosion rate without hydrogen gas evolution. However, research on Zn materials is still largely missing
in the literature. Here, we evaluated the potential of Zn-based biomaterials as medical implants, both in vitro and in vivo, against a typical Mg
alloy AZ31 as a comparative benchmark control. We found that the mechanical properties of Zn biomaterials were significantly enhanced
(microhardness >70 kg/mm2, strength >220 MPa, elongation >15%) after alloying with Sr or Mg, surpassing the minimal design criteria for
load-bearing device applications. The corrosion rate of Zn-based biomaterials was about 0.4 mg/cm2/d, significantly slower than that of AZ31.
The measured cell viability and proliferation of three different human primary cells fared better for Zn-based biomaterials than AZ31 using both
direct and indirect culture methods. Platelet adhesion and activation on Zn-based materials was minimal, significantly less than on AZ31.
Hemolysis ratio of red cells (<0.5%) after incubation with Zn-based materials was also well below the ISO standard of 5%. Moreover, Znbased biomaterials promoted stem cell differentiation to induce the ECM mineralization process. In addition, in vivo animal testing using
subcutaneous, bone, and vascular implantations revealed that the toxicity and immune response of Zn-based biomaterials were minimal/
moderate comparable to that of AZ31. No extensive cell death and foreign body reactions were observed, and they promoted local tissue
regeneration. Taken together, Zn-based biomaterials may have a great potential as promising candidates for medical implants.
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Development for the macro-encapsulating device for isolation of immune response which is made of Ethylene
vinyl alcohol

Masako Kawagoe1，Yoshio Satou1，Goro Kobayashi1，Hiroyuki Kitano2，Akira Ito2，Yusuke Ando3，Yuji Shiba4，Shoichiro Sumi5
1
Molding Component Business Department, KURARAY CO., LTD.，2Department of Chemical Engineering, Faculty of Engineering, Kyushu University，3Center for Clinical and Translational
Research, Kyushu University Hospital，4Regenerative Science and Medicine, Cardiovascular Medicine Institute for Biomedical Sciences, Shinshu University，5Institute for Frontier Life and Medical
Sciences, Kyoto University

For the cell transplantation research and treatment, the method how can control the immune response, is important key technology for
engraftment of donor cells. In current study, we have developed the complex device with multi-pore membrane of ethylene vinyl alcohol
(EVOH) and hydro gel (hereinafter defined as “EVOH device”).
“EVOH device” can block the attack of immune response cells for the protection of donor cells.
We examined the permeability rate of several proteins (Insulin, Albumin, immunoglobulin G, etc.) by using “EVOH device”. We also examined
the foreign body reaction in rat by intraperitoneal and subcutaneous implantation of “EVOH device”. It was indicated that no significant
granulation developed around the device 6 moths after implantation.
Furthermore we are evaluating and will report the efficacy of “EVOH device” by in vitro and in vivo immune response models.
We expect that “EVOH device” is valuable and unique macro-encapsulation device for cell transplantation, for example the treatment of
diabetes, and several hormone deficiencies.
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Preparation of biodegradable hydrogels of in situ gelation for cell transplantation

Mina Anamizu，Yasuhiko Tabata
Laboratory of Biomaterials, Institute for Frontier Life and Medical Sciences, Kyoto University, Kyoto, Japan

Cell transplantation is one of the promising therapies for regenerative medicine. Generally, the direct injection of cells has been mainly carried
out. However, the poor in vivo retention of cells and their low functions remain unresolved. Therefore, it is necessary to create the technology
and methodology for an enhanced cell retention and function in vivo. Several injectable hydrogels have been reported. In most researches,
chemical crosslinking is used to form hydrogels. Since the hydrogel formed does not degrade synchronizing with the cells proliferation, the cells
transplanted do not always survive nor function efficiently in the body. As one trial to tackle the issue, biodegradable hydrogels of in situ
gelation need to be designed. In this study, biodegradable hydrogels of in situ gelation, are created by making use of reversible “metal-polymer
interaction” which has a reversible property of crosslinking. As the polymer, biodegradable gelatin with a high affinity for cells, was selected.
Simple mixing with iron chloride( Ⅲ ) (FeCl3) allowed gelatin to form a biodegradable hydrogel. When the gelatin solution in phosphate buffer
saline solution(PBS) was mixed with various concentrations of FeCl3 in PBS solution, the hydrogels were formed although the extent enhanced
C. The hydrogel
with an increase in the FeCl3 concentration. The resulting hydrogels were degraded to disappear in PBS solution at 37 °
cytotoxicity depended on the FeCl3 concentration. Upon mixing with the FeCl3 /gelatin solution, cells were encapsulated in the hydrogels
formed. We also report the in vivo fate of cells after injection of cells-hydrogel mixture.
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Multifunctional protein microdevice designed to cope with excess reactive oxygen species

Hironori Yamazoe
National Institute of Advanced Industrial Science and Technology (AIST), Osaka, Japan

Micro- and nano-scale intelligent medical devices can revolutionize the prevention and treatment of diseases. Although proteins are promising
materials for creating biocompatible devices with biological functions, construction of complicated solid-state architectures using proteins, a
vulnerable natural material, remains a key challenge in materials research. In this study, I developed a sophisticated strategy for constructing a
multifunctional microdevice for medical applications using multiple proteins; this strategy achieved the retention of function, increased stability,
and orientation control of the proteins in the fabricated device [1]. As proof-of-concept, the device, designed to cope with excess reactive
oxygen species (ROS) involved in many diseases, was constructed by combining three proteins with different functions. The body of the device
was fabricated using albumin and superoxide dismutase (SOD), and the antibody was incorporated into the surface of the device in an
orientation-controlled manner. The constructed protein microdevice, which was approximately 100 µm in diameter and of nano-scale
thickness, exhibited coordinated activities for coping with ROS, such as capture of the ROS-secreting cells by using an incorporated antibody,
followed by the elimination of 70% ROS secreted from the captured cells by the action of SOD in the device. Diapocynin, loaded to the device
via the drug-binding ability of albumin, was released from the device, preventing ROS production in the cells. This multifunctional microdevice,
constructed from proteins, can have a profound impact on the creation of intelligent protein-based miniature devices used in medical fields.
[1] Yamazoe H, Biomaterials, 155, 1-12, 2018.
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Development for the macro-encapsulating device for isolation of immune response which is made of Ethylene
vinyl alcohol

Masako Kawagoe1，Yoshio Satou1，Goro Kobayashi1，Hiroyuki Kitano2，Akira Ito2，Yusuke Ando3，Yuji Shiba4，Shoichiro Sumi5
1
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Research, Kyushu University Hospital，4Regenerative Science and Medicine, Cardiovascular Medicine Institute for Biomedical Sciences, Shinshu University，5Institute for Frontier Life and Medical
Sciences, Kyoto University

For the cell transplantation research and treatment, the method how can control the immune response, is important key technology for
engraftment of donor cells. In current study, we have developed the complex device with multi-pore membrane of ethylene vinyl alcohol
(EVOH) and hydro gel (hereinafter defined as “EVOH device”).
“EVOH device” can block the attack of immune response cells for the protection of donor cells.
We examined the permeability rate of several proteins (Insulin, Albumin, immunoglobulin G, etc.) by using “EVOH device”. We also examined
the foreign body reaction in rat by intraperitoneal and subcutaneous implantation of “EVOH device”. It was indicated that no significant
granulation developed around the device 6 moths after implantation.
Furthermore we are evaluating and will report the efficacy of “EVOH device” by in VITRO and in VIVO immune response models.
We expect that “EVOH device” is valuable and unique macro-encapsulation device for cell transplantation, for example the treatment of
diabetes, and several hormone deficiencies.
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Graphene coated 3-dimensional conductive mat as a neural electrode

Patcharin Chen1,2，Jason Marroquin1,2，Helena C Parkington2，John S Forsythe1
1
Department of Materials Science and Engineering, Monash Institute of Medical Engineering, Monash University, Melbourne, Australia，2Department of Physiology, Biomedicine Discovery
Institute, Monash University, Melbourne, Australia

An inflammatory mismatch between the implant and brain tissue is the major reason behind the failure of current commercialised neural
electrodes. These electrodes are made of stainless steel, crystalline silicon or metals whose stiffness induces inflammation and the formation of
a glial scar. The scar forms a barrier between the neurons and the implanted electrodes that reduces their durability. To solve this problem, we
constructed a 3-dimensional electrode with a stiffness modulus that is similar to that of brain tissue, and with topography and electrical
properties that can support communication between neurons. A graphene coated 3-dimensional nylon mat with a tuneable electrical property
has been fabricated. Graphene is a conductive material, and thus provides the electrical property to the fibrous mat. Mats were coated with
graphene using a vacuum filtration technique followed by the reduction using hydroiodic acid. Graphene coated mats were characterised for
their electrical properties and suitability as a biomaterial. Primary cortical neurons from rat pups during late pregnancy were cultured on
graphene coated nylon mats and function was tested using calcium imaging, live/dead assay and immunostaining. The results showed that
graphene coated nylon mats are biocompatible with neurons and provide a platform for the attachment, proliferation and axonal extension of
primary neurons. Moreover, in-vivo tests were performed by placing coated mats on the brain, securing them in place. Electrical activity
recorded week later in free-moving rats demonstreated the suitability of these conductive mats as electrodes for neural stimulation and
recording.
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Fabrication of calcium phosphate-loaded carboxymethyl cellulose non-woven sheets for bone regeneration

Pan Qi1，Shinsuke Ohba1，Yuichi Hara2，Masaya Fuke2，Takayuki Ogawa2，Seiichi Ohta1，Taichi Ito1
Graduate School of Medicine and Faculty of Medicine, University of Tokyo，2Asahi Kasei Corporation
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Bone tissue engineering is highly anticipated for numerous clinical applications. The scaffold is one of the most important elements in tissue
engineering by securing space for tissue formation whilst allowing cells to migrate, adhere and proliferate. At present, many types of synthetic
bone replacement grafts are used as void-filler scaffolds to promote bone regeneration in bone defects during orthopedic, spinal, and dental
surgeries. According to previous studies, carboxymethylcellulose (CMC) promoted osteogenic differentiation of human bone marrow stromal
cells (hBMSCs). Taken together with its high biocompatibility, it is considered that CMC is likely to promote the healing of bones. In this
research, we developed a new hybrid CMC nonwoven sheet whose pores are filled with calcium phosphate (CaP) by using alternately soaking
process. The potential of CMC/CaP sheets to induce in vitro osteoblast differentiation and in vivo bone regeneration were investigated. In vitro,
the CMC/CaP sheet induced osteoblast differentiation of human mesenchymal stromal cells (hMSCs), as shown by calcification and the
upregulation of osteoblast marker genes. In absence of CaP, hMSCs on the CMC sheet had enhanced expression of alkaline phosphatase (ALP)
only, indicative of early osteoblast differentiation. In vivo, bone regeneration by the CMC/CaP sheet was demonstrated in a mouse calvarial
defect model, based on micro-computed tomography (micro-CT), Masson’s trichrome staining, and immunostaining for osteoblast markers.
Cells expressing the transcription factor Sp7/Osterix, which is essential for osteoblast differentiation, were detected around the new bone. The
combined effect of CMC and CaP enhanced osteoblast differentiation and the CMC/CaP non-woven sheet was found to be an easy-to-handle
and flexible scaffold for bone regeneration.
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Anti-inflammatory and osteogenenic effects on PLGA/Inorganic composites for orthopedic applications

Dong Keun Han1，Seul Ki Lee1,2，Wooram Park1，Ik Hwan Kim2
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PLGA has been widely used as biomaterials for the pharmaceutical and medical applications. However, the decomposition products of the
PLGA are known to form an acidic environment and cause inflammation at the site of implantation. Moreover, it is f hopedic Applications of
PLGA coated polymerperature for 12 h.ecacrophagy, ce.ialia on behalf of all co-authorsrequired to improve a mechanical and biological
properties of the PLGA-based materials to use it for load-bearing bone implant applications. In this study, beta-tricalcium phosphate (β-TCP)
and magnesium hydroxide (Mg(OH)2) were used as additives in PLGA matrix to induce anti-inflammation and osteogenesis and to improve their
mechanical strength. The β-TCP and Mg(OH)2 have excellent osteoconductivity and an acid-neutralizing effect, respectively. The PLGA
composites with β-TCP and Mg(OH)2 significantly improved mechanical strength and showed pH neutralization effect. The superior osteogenic
differentiation of normal female human osteoblast (NHOst) cells on the surface of PLGA/β-TCP/Mg(OH)2 was confirmed by ALP assay, von
Kossa and alizarin S stainings, and q-PCR. The cytotoxicity and anti-inflammation were evaluated by CCK-8 assay and ELISA for IL-6 and TNF-α.
These results suggest that the use of β-TCP and Mg(OH)2 as additives in biodegradable polymer-based orthopedic materials has great
potential for improving their biocompatibility and biological functionality.
KEYWORDS:
Poly(l-lactide-co-glycolide) (PLGA); beta-tricalcium phosphate (β-TCP); magnesium hydroxide (Mg(OH)2); osteogenesis; anti-inflammation
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Bio-devices for Hard Tissue Regeneration

A M Ballamurugan
Bharathiar University

Hard tissue regeneration is an evolvingdiscipline that applies tissue engineering principles to construct biological devices from natural or
synthetic sources.In this particular field, there is a greatthrust to develop bioactive devices that enable early discernment of critical bone
defects and simultaneously promote bone formation and tissue penetration. In addition, the engineered bio-active devices with
favorablebiomechanical features assist inrestoringthe functioning of defective tissues. In this context, the development of biodegradable and
bioresorbable biological devices with improved mechanical, physical, chemical and structural properties has been beleaguered to modify the
cellresponse of and subsequent tissue formation. The adaptation of synthetic glass ceramics,bioceramics as well as the modern tissue
engineering technologies allow to maneuver the regenerative biodevicestoovercome the biophysical limitations. The design of such a device
could be manipulated to modify the surface available for cell attachment as well as to optimize the exposure of attached cells to nutrients.
Hence, a bio-device with desirable biological and mechanical properties has been fabricated from bioceramicsfor application in hard tissue
regeneration. The bioresorption kinetics as well as the improved mechanical properties enable the device tofunction as a scaffold for bone
growth. Moreover, the potential of the developed novel device has been tested in animal models in vitro and invivo.
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A novel peritoneal adhesion barrier composed of ultrapure alginates of different molecular weights

Taichi Ito1,4，Seiichi Ohta1，Takeo Toda2，Rihito Nagata2，Atsushi Shimizu2，Fuyuki F. Inagaki2,3，Ayano Fujisawa4，Katsue Morii1，Kiyohiko Omichi2，
Norihiro Kokudo2,3，Kiyoshi Hasegawa2
1
Center for Disease Biology and Integrative Medicine, The University of Tokyo, Tokyo, Japan，2Hepato-Biliary-Pancreatic Surgery Division, Department of Surgery, University of Tokyo, Tokyo,
Japan，3National Center for Global Health and Medicine, Tokyo, Japan，4Department of Bioengineering, The University of Tokyo, Tokyo, Japan

Post-operative intraperitoneal adhesions are a serious problems in gastroenterological surgery. Especially repeated hepatectomy for
intrahepatic recurrence causes serious intraperitoneal adhesions, which make the resection difficult due to increased blood loss or injury to
neighboring organs. Therefore, although repeated hepatectomy is effective in relatively many cases for intrahepatic recurrence, the adhesions
frequently make surgeons hesitate to perform hepatectomies several times. In addition, current sufficiently commercially-available adhesion
barrier materials such as SeprafilmTM or InterceedTM cannot sufficiently prevent the adhesions induced by hepatectomy.
Alginate is a well-known polysaccharide which has a good biocompatibility in vivo and gelation properties by calcium ions. It has been
reported to prevent adhesions efficiently in several publications but is not used in clinical uses. We successfully established several
hepatectomy-induced adhesion models using rats. Then, we carefully evaluated an anti-adhesion effect of calcium ion (Ca2+)-crosslinked
alginate hydrogels mixed with carboxymethyl cellulose (CMC). Used alginates and CMC were carefully purified and their endotoxin
concentrations were quite low. As a result, we firstly found that low molecular weight alginate prevented de novo adhesions, while high
molecular weight alginate prevented the adhesion on the resection surface of liver.
Based on this unique property of alginates, we successfully developed a novel Ca2+-crosslinked alginate sponge which has a layered
structure of high and low molecular weight alginate. A top layer composed of low molecular weight alginate rapidly dissolved and prevented
de novo adhesion, while a bottom layer composed of high molecular weight alginate slowly dissolved was localized on the cut surface of liver
to prevent the cur surface adhesion in partial hepatectomy model using rats.
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Mesenchymal stem cells response to hybrid functionalized collagen membrane for dental applications   
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Collagen membrane, barrier in maxillofacial bone regeneration, prevents the ingrowth of fibrous tissue into the bone defect impairing bone
regeneration. Functionalization of the bone facing membrane with osteoinductive properties could improve bone healing. We report here a
hybrid calcium phosphate/biopolymers functionalized collagen membrane as a new strategy for bone regenerative medicine in dental field.
We used a straightforward process based on simultaneous spray coating of interacting species to functionalize collagen membrane with
biomimetic calcium phosphate (CaP) coating supplemented with chitosan (CHI) and hyaluronic acid (HA). Physicochemical characterizations of
resulting CaP-CHI-HA coating were performed by scanning electron microscopy with a field emission gun (FEG-SEM), high-resolution
transmission electron microscopy coupled to electron diffraction (HR-TEM), X-rays photoelectron and infrared (XPS and FTIR) spectroscopies.
Biocompatibility of coated membrane was evaluated after 7 days of human mesenchymal stem cells (MSCs) culture through metabolic activity
assay (WST-1) and DNA quantification. MSCs morphology was investigated by confocal laser scanning microscopy (CLSM). MSCs pro-healing
properties were analyzed through supernatant cytokines and growth factors quantification (ELISA).
FEG-SEM images showed the presence of star-shaped particles wrapped in organic film, confirmed by TEM. Furthermore, HR-TEM, in addition
to FTIR spectroscopy and XPS, indicated the presence of non-stoichiometric and poorly crystalline hydroxyapatite. WST-1 and DNA
quantification showed a higher proliferation of MSCs on CaP-CHI-HA coating. Cytoskeleton labeling highlighted spread, elongated and aligned
MSCs on coated membrane (vs randomly distributed cells on bare membrane). No significant difference was observed in MSCs inflammatory
cytokines (IL-6 and IL-8) secretion between bare and coated membrane, whereas osteoprotegerin and angiogenic growth factors (VEGF, bFGF)
releases in supernatant were increased in presence of CaP-CHI-HA coating. Thus, CaP-CHI-HA coated membrane provides a suitable
environment for MSCs to induce bone healing.
Finally, CaP-CHI-HA coating allowed to reduce significantly Staphylococcus aureus and Pseudomonas aeruginosa adhesion on collagen
membrane, conferring anti-adhesive bacteria function to this surface. Therefore, buildup of CaP-CHI-HA on collagen membrane provides an
interesting material for maxillofacial bone regeneration.
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Minimally-invasive cell transportation method for cell sheet based regenerative medicine
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Transportation of live cells causes oscillation of a complete medium and generate mechanical stress on the cells, thereby deteriorating cell
qualities. We developed a gelatin with extremely high gelation temperature (HGG) that is useful as a protective material for live cells. In this
study, we explored an optimal protocol for protecting cell sheets with HGG gels for cell transportation.
First, culture media of cell sheets on temperature-responsive cell culture dishes UpCell® (designated here “TR-dishes”) were exchanged to
buffers containing various concentrations of Ca2+ and Mg2+ ions without the use of gelatin, and then the dishes were left to stand at 30°C until
cells caused detachment. Second, the effects of shear moduli of gels on cell sheet qualities were investigated when HGG gels were created on
cell sheets as a protective material. Similar experiments were carried out for commercially-available gelatin for biochemical uses (CG). After the
removal of gelatin gels at 37°C, the viabilities of cell sheets were determined by trypan blue exclusion tests.
When the cell sheets were left to stand at 30°C in the buffers, the longest duration of cell attachment was obtained at Ca2+ and Mg2+
concentrations of 1.36 mM and 0.81 mM, respectively. The lower concentrations of the ions caused cell detachment in shorter periods. Thus,
following cell sheet protection experiments were carried out using the gelatin sols containing Ca2+ and Mg2+ at the optimal concentrations.
The gelation temperature of HGG was determined to be 30°C, much higher than that of CG (26°C).This unique property allowed the
protection of cell sheets with HGG gels at temperatures above the detaching temperature of TR-dishes (27°C). In contrast, cell sheets were
detached from TR-dishes before CG formed gel.
The cell sheets which were protected with a HGG gel (modulus of 200 Pa; HGG concentration of 3%) maintained the initial cell morphologies
and showed survival rates > 90% after the de-protection. Similar results were obtained for the protection experiments using a harder HGG gel
(1,300 Pa, 6%). In contrast, the protection with weaker HGG gel (99 Pa, 1%) resulted in much lower cell qualities.
We propose here an optimal protocol for less invasive protection of cells sheet using gelatin gels, in which the existence of Ca2+ and Mg2+ in
gelatin sols, high gelation temperature of gelatin, and high moduli of gelatin gels are essential.
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Osteogeneic Enhancing Short Peptide with Biodegradable Polymer as a New Bone Hemostatic Material
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【Backgrounds】The beeswax (BONE WAX) has long been used for bone hemostasis. However, BONE WAX is nonresorbable material and may
interfere with bone healing through infection and chronic inflammation. We tried to develop a osteogeneic enhancing short peptide with PCLbased biodegradable polymer (PBP) composite wax as a new bone hemostatic material which could archive prompt bone healing. In this study,
we demonstrated the effects of PBP wax using a rabbit model.
【Methods】Two bilateral 2-mm circular noncritical-sized defects were made in the tibiae of rabbits. The experimental groups were divided into
4 groups as PBP wax with or without peptide (PBP, pep-PBP) or BONE WAX was applied to the bone defects or no hemostatic material was
used as a control (sham). We measured the bleeding volume at the bone defect, and again 2 weeks after the procedure, the mechanical
strength of the damaged tibia by three-point testing and callus bone area by micro-computed tomography (CT). After 16 weeks, the pep-PBP
group and the BONE WAX group were observed by CT for bone healing.
【Results】The PBP and pep-PBP groups worked at body temperature and those softened could be pressed similarly with BONE WAX on all
bleeding surfaces. Hemostasis with PBP and pep-PBP were achieved equally with BONE WAX. The bleeding volume was 0.61g in sham, 0.02 g
in BONE WAX, 0.02 g in PBP and 0.02 g in pep-PBP (BONE WAX vs PBP; p=0.99, BONE WAX vs pep-PBP; p=0.99). The mechanical strength of
pep-PBP (354.6 ± 28.8 N) after 2 weeks of operation was significantly stronger than that of BONE WAX (203.6 ± 9.6 N, p=0.007). In addition,
pep-PBP promoted callus formation excessively compared to other groups. The callus area was significantly correlated with mechanical
strength between pep-PBP (38941.2 ± 6788.9 pixels) and BONE WAX (11917.3 ± 2583.0 pixels, r=0.623, p=0.028). After 16 weeks, although
BONE WAX had still shown the bone defect, in the pep-PBP group complete bone healing was observed.
【Conclusion】The pep-PBP is an effective hemostatic material as a similar usage of BONE WAX. In addition, pep-PBP did not inhibit bone healing
and it may accelerate bone regeneration and the patient’s recovery.
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Improved Antimicrobial Performance of a Novel Mechanically Blended Biodegradable Polymer Blend
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From superimposing infection upon degenerated tissues to reducing shelf-life of food, pathogenic microorganisms are one of the critical
scourges for mankind. Thus, creating antimicrobial property in materials has always been essential in biomedical and food packaging
applications. Poly- є -caprolactone (PCL) is a biodegradable polymer which has been investigated extensively due to its ease of processability
as a result of its low melting point and glass transition temperature. In this study, natural antibacterial substances alginic acid (ALG, 20 wt.%)
particles and grapefruit seed extract (GFSE, 20% vol./wt.) were added into PCL matrix using mechanical blending processes to obtain novel
antibacterial and biodegradable composite materials, which can be used for various applications like tissue engineering, drug delivery, wound
dressing and food packaging. The blend was then compressed into film via compression moulding. Scanning electron microscopy results
showed that the film surfaces were smooth and homogeneous. Results from tensile testing revealed that the ALG/GFSE/PCL blend film had
higher Young's Modulus than PCL but was still able to extend at least 3 times of its original length and remained flexible. The antimicrobial
activity of the fabricated ALG/GFSE/PCL blend was effective against Pseudomonas aeruginosa (P. aeruginosa). Scanning electron microscopy
images showed a reduction in the adherence of P. aeruginosa on ALG/GFSE/PCL film as compared to PCL film. The improved antimicrobial
activity and the biodegradable property of the blend indicates the potential of the ALG/GFSE/PCL blend for tissue engineering and food
packaging application. [MOE AcRF (Singapore) Grant Number R-265-000-592-114]

a92362

01-P440

Preparation of Polyaniline Films in Colloidal Dispersion Mode: Cytocompatibility Study
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The combination of intrinsic electrical conductivity with easy preparation and modification opens the door for the promising application of
conducting polymers in engineering of excitable tissues. Although a wide variety of conducting polymers are available, polyaniline (PANI) has
emerged as a popular choice due to its attractive properties such as easy and low cost preparation. Moreover, PANI can be prepared by
various methods and it is subsequently easily modified in order to change its surface properties. These are crucial, as they predetermine any
interaction with biological fluids, proteins and cells. In addition, modifications of these properties are substantial with respect to the possible
applications of PANI in tissue engineering or as biosensors. Innovative technique for preparing PANI films with advanced biological properties
via in-situ polymerization in colloidal dispersion mode using four stabilizers (poly-N-vinylpyrrolidone; sodium dodecylsulfate; Tween 20 and
Pluronic F108) was developed. The surface energy, conductivity, spectroscopic features, and cell compatibility of thin polyaniline films were
determined using contact-angle measurement, the van der Pauw method, Fourier-transform infrared spectroscopy, and assay conducted on
mouse fibroblasts, respectively. The stabilizers significantly influence not only the surface and electrical properties of the films but also their cell
compatibility. Among the stabilizers used, sodium dodecylsulfate has the most positive impact and the best properties in terms of conductivity
and cell compatibility were recorded for films incorporating this surfactant. Moreover, these films are non-irritating and display no harmful
effects on human skin, which was confirmed by their in-vitro exposure to the 3D-reconstructed human tissue model. It can be concluded, that
the preparation of PANI films using a colloidal dispersion mode can lead to a significant improvement in the biological properties of PANI. This
significantly enhances the applicability of PANI in tissue engineering and, more generally, in biomedicine. In particular, its use in biosensors
capable of conductometric monitoring of ongoing changes on the skin surface should be of particular interest.
Acknowledgments: This work was supported by the Ministry of Education, Youth and Sports of the Czech Republic (Program NPU I, LO1504)
and Czech Science Foundation (17-05095S).
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Development of Novel Biodegradable Metals for Bone Tissue Engineering
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After decades of developing strategies to minimize the corrosion of metallic biomaterials, there is now increasing interest in using an
intentionally corrodible alloy in a number of critical medical device applications. A term “biodegradable metal” had been used internationally to
describe these new kinds of degradable metallic biomaterials for medical application, represented mainly by magnesium and its alloys with
selective addition of the other elements, mostly trace elements existing in the human body. Biodegradable metals are regarded as “bioactive”
biomaterials and are developing as “third-generation biomedical materials” with “multifunctional capabilities” in a controllable manner to
benefit the local tissue reconstruction. In this talk, we present the most important aspects of biodegradable Mg alloys, Fe alloys and Zn alloys,
including the alloying design from the viewpoint of materials science, how to control the biodegradation rate to match with the healing rate of
the recovering tissues, with various surface modification techniques (mechanical, physical and chemical treatments) and novel structure
(porous, composite, nanocrystalline and glassy structures), biocompatibility evaluation at toxicology, cell and molecular biology, animal testing
and clinical trial levels. The main findings of experimental studies, biodegradable metal/aqueous solution interface theoretical model and
potential application prototypes such as orthopedic surgery products, will also be presented.
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A metal-chelating collagen conjugate as building block of wound healing devices

He Liang1,2，Stephen Russel1，David Wood2，Giuseppe Tronci1,2
1
Clothworkers’ Centre for Textile Materials Innovation for Healthcare, School of Design, University of Leeds, United Kingdom，2Biomaterials and Tissue Engineering Research Group, School of
Dentistry, St. James’s University Hospital, University of Leeds, United Kingdom

One of the key factors delaying wound healing in chronic ulcers is the upregulated level of matrix metalloproteinases (MMPs), which keeps the
wound in a persistent inflamed state impairing extracellular matrix (ECM) deposition and remodelling. Collagen materials are widely used as
wound healing devices because of the desired compatibility with wound exudate, chemotactic activity and proteolytic degradability. In spite of
many collagen dressings commercially available, there are still many limitations on these products, including fast proteolytic degradation,
mechanical incompetence and lack of the native collagen triple helix structure. To overcome these challenges, we have designed a chelating
collagen conjugate as building block displaying the retained triple helix structure and controlled enzymatic stability. The chelating conjugate
contains photo-active compounds and forms a covalent network via UV crosslinking. We have undertaken an In vitro evaluation in the
presence of activated MMPs up to 14 days, demonstrating the overall enzymatic activity reduction (~30% RFU) and hydrogel degradability
(~50% weight loss) compared to a commercial available collagen dressing which completely degraded. The superior proteolytic stability was
also confirmed via a 1-month subcutaneous implantation pilot study in rats. Furthermore, a preclinical in vivo study is ongoing using a guided
bone regeneration model in rats.
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Comparison of wound healing effect of collagen and dECM in rat excisional skin wound splinting model

Do-guk Yoon1，Kyung Mi Shim1，Se Eun Kim1，Euisin Yang1，Joo-Yun Won2，Jin-Hyung Shim2，Seong Soo Kang1
1
College of Veterinary Medicine, BK21 Plus Project Team, and Biomaterial R&BD Center, Chonnam National University, Gwangju, Korea，2Research Institute, T&R Biofab Co. Ltd., 237
Sangidaehak-Ro, Siheung-Si, Gyeonggi-Do, 15073, Republic of Korea

Skin wound healing is critical to protect individuals from infection and dehydration because skin acts as a first physical barrier. The extracellular
matrix (ECM) is the major component of dermal layer, and plays a significant role in wound healing process. Due to the aging population and
progression of diabetes, obesity and vascular disorders, chronic wound healing has become a major therapeutic challenge to medical staffs
and a public health problem with high cost and ineffective treatment. Unfortunately, prolonged inflammatory phase in chronic wound causes
increased level of protease and destroys the ECM components and growth factors that are essential for healing. So, chronic wound healing can
be facilitated by reducing excess protease level or stimulating the ECM production. In this study, we compared the skin wound healing effect of
collagen and decellularized ECM (dECM) in rat excisional wound splinting model. As a result, the topical treatment of dECM showed better skin
appendage regeneration than that of collagen treatment group.
Acknowledgement: This work was supported by Korea Institute of Planning and Evaluation for Technology in Food, Agriculture, Forestry and
Fisheries(IPET) through Agri-Bio industry Technology Development Program, funded by Ministry of Agriculture, Food and Rural Affairs(MAFRA)
(grant number : 316031-3)
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Novel Role of Exendin-4 in Tendon Regeneration
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Soft tissue injuries involving tendons and ligaments account for 50% of all annual musculoskeletal injuries reported in the United States,
majority of which are associated with suboptimal healing leading to loss of function and patient morbidity. The tissue engineering approach
has focused on the use of biomaterials, cells and growth factors to enable functional repair and regeneration. Clinical translational hurdles
posed by growth factors have encouraged researchers to explore growth factor alternatives to promote tendon healing. These alternative small
molecules have the ability to mimic growth factor action with extended half-life. The present study explores small molecule glucagon like
peptide-1 receptor agonist (GLP-1R) known as exendin-4 (Ex-4) as a tenogenic factor. Here in, the study evaluates the possible differentiation of
human mesenchymal stem cells (hMSCs) seeded on electrospun polymeric nanofiber scaffolds and treated with Ex-4 continuously. Electrospun
nanofiber matrices are chosen to mimic collagen fibers in the tendon and to provide a 3D environment for cells. The hMSCs were treated with
different concentration of Ex-4 (10nM, 20nM, 100nM) and their ability to proliferate and differentiate tendon markers were evaluated at
different time points. The results were compared to insulin (positive control: 250ng/ml DMEM), IGF-1 (positive control: 250ng/ml DMEM) and
vehicle control group. The results showed aprogressive growth of hMSCs treated with Ex-4 in concentration of 20nM and 100nM. Therefore,
Continuous treatment of hMSCs on electrospun nanofiber matrix with Ex-4 demonstrated the ability of Ex-4 to cue hMSCs toward tendon
differentiation.
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Self-organized nonamer and hexamer peptides as components of potential scaffolds for regenerative medicine

Elzbieta Menaszek1，Weronika Strzempek1,2，Ewa Stodolak-Zych3，Maciej Bogun4，Beata Kolesinska5
1
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Regenerative medicine needs effective scaffolds that can replace the native extracellular matrix (ECM). Such scaffolds should act as temporary
equivalents of ECM allowing cell interactions leading finally to acceleration of the recovery process and regeneration of damaged tissues.
Achieving all of these properties will be possible by applying natural components based on polypeptides and polysaccharides which should
mimic both carbohydrate and proteinic components of the matrix. In order to overcome restrictions created mainly by immunological system in
the case of application of proteinic materials, the appropriate substitute of this component is formed by self-organization of short peptides. The
aim of our study is to characterize biological effects of nonamer and hexamer peptides and check whether the peptides can be used as
components of scaffolds for medicine. For this goal we synthesized peptides with following sequences: H-FFF-FFF-OH, H-WWW-WWW-OH,
H-WWC-WWC-OH, H-WWC-WWC-WWC-OH, H-YYC-YYC-OH, H-YYC-YYC-YYC-OH (C- cysteine, F- phenylalanine, W- tryptophan, Y- tyrosine),
prepared them as layers and observed interactions in in vitro cell culture with fibroblasts and macrophages. Based on the data gathered from
viability, cytotoxicity and oxidative assays it can be proved that the synthesized materials are not cytotoxic and do not negatively influence the
growth of cells. Moreover, homohexamer peptides ((FFF)2, (WWW)2) are very effective in accelerating the proliferation and stimulating the
activity of fibroblasts and macrophages.
Acknowledgments: This work was supported by the NCN grant No. 2015/19/B/ST8/02594
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Biocompatibility and oxidative stress induced by modified carbon nanofibres
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Carbon nanomaterials like graphene, carbon nanotubes and fullerenes have attracted great attention for their vast potential regarding
applications in industry (e.g. electrical engineering) and medicine. Although they are the subject of numerous studies, there are still several
discrepancies especially in respect to the relation of physico-chemical properties of these nanomaterials with their toxicity. The carbon
nanoform, whose biological properties have been tested so far to a bare minimum, are nanofibres. Carbon nanofibres have a series of unique
properties, useful especially in the construction of tissue substrates assigned for the regeneration of the bone, cartilage and nervous tissue. In
some biomedical application carbon nanofibres could replace nanotubes that are often considered hazardous.
The objective of our study was to evaluate the biological properties of carbon nanofibres (CNF) in comparison to properties of nanotubes
(CNT). Several types of nanofibres and nanotubes were added to the cell culture in the form of well dispersed suspension. The potential
cytotoxicity of CNF and CNT was studied in L929 fibroblasts cell culture and production of reactive oxygen species was examined in the
culture of RAW 264.7 macrophages. The results obtained in the experiment indicated that the biocompatibility of both materials was similar:
neither CNF nor CNT showed signs of acute toxicity. The cell viability was depending rather on functionalisation of the materials than on
differences between nanofibres and nanotubes. On the other hand, our studies have shown that nanofibres induced significantly increased
reactive oxygen species production (ROS). At lower levels, ROS activate signaling pathways advantageous for cells, but at higher levels can
damage or kill cells. However, ROS also limits cancer initiation and progression by causing oxidative stress that kills cancer cells.
Acknowledgements:
This work was financially supported by the Polish National Science Centre (NCN),
Grant No. UMO-2014/13/B/ST8/01195.

220

a92543

01-P447

Hemocollagene® foam provides a mimicking MSCs niche environment
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Maintenance of mesenchymal stem cells (MSCs) features requires a tissue-specific microenvironment (e.g. niche), which is poorly represented
by the typical plastic substrate used for 2D growth of MSCs in tissue culture flask. The objective of this study was to address the potential use
of collagen-based medical device (Hemocollagene®) as MSCs mimetic niche with the ability to preserve human MSCs stemness in vitro. With a
chemical composition similar to type I collagen, a major component of connective tissue of dental pulp, bone and umbilical cord,
Hemocollagene® foam presented porous and interconnected structure (> 90%) and a relative low elastic modulus of around 60 kPa. All these
criteria meet the basic requirements as tissue engineering material. Human MSCs from bone marrow (BM-MSCs), dental pulp (DP-MSCs) and
Wharton’s jelly (WJ-MSC) were cultured within the foam for 4, 7 and 10 days and the secretory profile of these cells was analysed. ELISA
experiments showed that MSCs were able to release in supernatant cytokines/chemokines such as IL-6, IL-8 in the supernatant whatever their
origin. No statistical difference was observed over the studied time. However, we observed a higher amount of IL-6 and IL-8 released by WJMSCs compared to BM- and DP-MSCs (p<0.001, n=8, Mann & Whitney). Moreover, we noticed the absence of IL-1ß and TNF-a proinflammatory cytokines as well as IL-10 anti-inflammatory cytokine for all MSCs source. Despite VEGF release in supernatants, no b-FGF, TGF-ß
and BMP-2 production was detected in our experimental conditions. BM-MSCs released a higher amount of VEGF compared to WJ- and DPMSCs (p<0.05, n=8, Mann & Whitney). Hemocollagene® 3D foams seem to present an inert environment for MSCs since no pro-inflammatory
cytokines have been detected in supernatants. Furthermore, a basal secretion of both IL-6 and IL-8 over the time suggests that Hemocollagene®
foams could present in vitro MSCs niche model.
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Honey Mimetic in situ Forming PEG-based Hydrogel with Antibacterial Properties
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Currently, alternative antimicrobial strategies are under exploration, such as the use of plant based products like honey to combat growing
antibiotic resistance. This study aims to mimic the ability of honey to produce antibacterial Reactive Oxygen Species (ROS) in the form of
hydrogen peroxide (H2O2) within the hydrogel. This was achieved using two components found in honey: the glucose oxidase enzyme and
glucose, which were incorporated into the quick forming hydrogel.
For this study Hyperbranched Polyethylene Glycol Diacrylate (HB PEGDA) was synthesized using Reversible Addition Chain Transfer
Fragmentation (RAFT) polymerization. With the mechanism of thiol-ene click chemistry, HB PEGDA is able to form a hydrogel with thiolated
Hyaluronic Acid (HA-SH). For a hydrogel with a composition of 5 w/w% HB PEGDA and 1 w/w% HA-SH, an average gelation time of 585±45
seconds was obtained. For the 10 w/w% HBPEGDA and 1 w/w% HA-SH gelation time was 41±4 seconds.
The study characterized the chemical characteristics of the polymer and the hydrogels' rheological properties, swelling and degradation
properties, and enzyme encapsulation properties. The ROS produced with varying glucose and enzyme concentrations at different time points
were quantified . Samples were found to contain positive viability with an Alamar blue assay and NIH/3T3 mouse fibroblast cells for
cytocompatibility. Given its quick forming property, biocompatibility, and ability to continuously produce antibacterial ROS, this type of
hydrogel system makes a promising material for wound dressing applications and should be further characterized and studied.
Acknowledgements: This work has received funding from the European Union’s Horizon 2020 research and innovation programme under the
Marie Sklodowska-Curie (Grant Agreement No. 643050)
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Improvement of Antibacterial Activity of Chitosan Membrane by Grafting of Quaternary Ammonium Groups

Kuo-Yu Chen，Pai-Han Chen，Kuan-Ming Chen
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Skin, the largest organ of the body, is commonly damaged by wounding or physical trauma. Wound dressings are designed to facilitate wound
healing. Chitosan has been widely used as a wound dressing due to several advantages, such as excellent biocompatibility, biodegradability,
hemostatic activity and antibacterial properties. However, changes in the pH of the environment can influence the antibacterial properties of
chitosan. In the study, different amounts of monomers with quaternary ammonium groups were grafted onto chitosan via redox-initiated graft
co-polymerization method. The positive charge characteristic of quaternary ammonium cation was independent of the pH of the aqueous
medium. The graft co-polymer (CS-g-PAETMAC) membranes were then prepared by a solution casting method. The results showed that CS-gPAETMAC membrane had a higher swelling ratio, surface hydrophilicity and water vapor transmission rate than pure chitosan membrane.
Moreover, the higher the amount of AETMAC, the higher were swelling ratio, surface hydrophilicity and water vapor transmission rate. The
antibacterial activity study revealed that CS-g-PAETMAC could significantly reduce the number of Staphylococcus aureus and Escherichia coli
when compared to chitosan. Moreover, no significant difference in the in vitro cytotoxicity against L929 fibroblasts was observed between
chitosan and CS-g-PAETMAC membranes. CS-g-PAETMAC membranes, thus, have the potential for wound dressing applications.

a91642

01-P450

LOTUS/CRTAC1B promoted axonal regeneration and functional recovery after spinal cord injury in adult mice
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[Introduction]
Lateral olfactory tract usher substance (LOTUS)/cartilage acidic protein-1B (CRTAC1B) can be found as both membrane and secreted protein
that functions as a molecule for neuronal circuit formation. LOTUS binds to Nogo receptor 1 and inhibits all of five axonal growth inhibitors,
Nogo, MAG, OMgp, BLys, CSPG. It has been reported that, in LOTUS knockout mice, the motor function recovery after SCI is significantly worse
when compared with wild-type mice. The purpose of this study is to evaluate the axonal regeneration and motor function recovery after SCI in
LOTUS overexpressed mice.
[Method]
Contusive SCI was induced at the Th10 level in LOTUS-overexpressed mice (LOTUS group; n=20) and wild-type mice (control group; n=16) as
reported previously. Hindlimb motor function was evaluated weekly for six weeks using BMS scores; and the DigiGate system and rotarod test
was used on the sixth week after SCI. On this sixth week, biotinylated dextran amine (BDA) was injected into the primary motor cortex to trace
the corticospinal tract (CST), or fluoro-gold (FG) was injected into the lumbar spinal cord to trace the reticulospinal tract. Two weeks after the
injection, electrophysiological analysis using spinal cord-evoked potential was conducted. After the mice were sacrificed, histological analyses
were performed.
[Result]
Significant improvements in BMS scores was seen in the LOTUS group compared with that in the control group at one week following SCI and
thereafter. DigiGate analysis also revealed a significantly longer stride length in the LOTUS group, and the rotarod test showed significant
longer total run time in the LOTUS group. Electrophysiological analysis revealed significantly shorter latency and larger amplitude in the LOTUS
group.
Histological analyses revealed that the NF-H, 5-HT and p-GAP43 positive fibers increased significantly at the caudal sites in the LOTUS group
compared to the control group. As for the 5-HT positive serotonergic fibers, a major contributor of motor function, a significant increase was
seen in the LOTUS group 14 days after SCI and continued to increase up to 56 days. The CST axons increased at the rostral sites in the LOTUS
group, but not at the caudal sites of the lesion epicenter in both groups. On the other hand, reticular nucleus neurons retrogradely increased
significantly.
[Conclusions]
LOTUS showed beneficial effects for functional recovery in SCI by promoting axonal regeneration and nerve axonal protection.
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Combining Biomaterials, Stem Cells and Pharmacology to Repair the Injured Spinal Cord: Is the Whole Greater
Than the Sums of Its Parts?
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Spinal cord injury (SCI) leads to devastating neurological deficits that have a strong impact in the physiological, psychological and social
behaviour of patients. For these reasons, it is urgent to develop therapeutic strategies that can specifically target this problem.
Various degrees of recovery have been achieved by protecting the neural tissue, by increasing growth promoting cues or by transplanting
cells. Our lab demonstrated that the modulation of inflammation using IL4 promoted behavioural and histological improvements in SCI rats (1).
Moreover, we also show that a molecular therapy aimed at reducing excitotoxicity promoted motor improvements in paralyzed rats (2). In
addition, our lab has been working with Mesenchymal Stem Cells and Olfactory Ensheathing Cells and already demonstrated that the
transplantation of these cells alone (3), encapsulated in a functional hydrogel (4, 5) or the use of MSCs secretome (data not published)
promoted functional recovery in contused SCI rats and mice. In the TERMIS World Congress 2018 we intent to present the last data from our
lab on SCI repair as well as discuss novel integrative approaches that simultaneously tackle several targets of the SCI pathophysiology.
References
1. Lima R, et al. Systemic Interleukin4 Administration after Spinal Cord Injury Modulates Inflammation and Promotes Neuroprotection.
Pharmaceuticals. 2017;10 (84).
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Tissue engineered nerve grafts containing local immune regulators are suitable for peripheral neural tissue
engineering

Xin Tang，Yumin Yang，Yahong Zhao
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Background: Peripheral nerve injury often necessitates surgical intervention，especially in cases where defects are greater than a few
millimeters. An autologous nerve grafting procedure is recognized as the “gold standard” clinical strategy, although it is commonly encountered
with donor site morbidity and is not widely available. Tissue engineered nerve grafts (TENGs) are considered a promising preference instead of
autologous nerve grafting for peripheral nerve repair. Here, we immobilized TNF-α inhibitors onto a nerve conduit, which was introduced into a
chitosan matrix scaffold, followed by developed into chitosan (CS)–genipin (GP)–TNF-α-inhibitor nerve conduits. Methods: The in vitro release
kinetics of TNF-α inhibitors from CS–GP–TNF-α inhibitor nerve conduits were investigated by HPLC. The in vivo continuous release profile of
TNF-α inhibitors released from CS–GP–TNF-α-inhibitor nerve conduits was measured by ELISA across 14 days. In addition, at 4 and 12 weeks
after surgery, histological analyses and functional evaluations were carried out to access the influence of the TENG on regeneration outcomes.
Results: The in vitro release profile revealed that the TNF-α inhibitor was persistently released from CS–GP–TNF-α-inhibitor nerve conduits and
could be sustained for up to 14 days; with no obvious degradation. The in vivo release profile also indicated that the amount of TNF-α
inhibitors decreased with time, after bridging the sciatic nerve defects in rats. Moreover, at 12 weeks after grafting, the TENG accelerated
myelin sheath formation, as well as functional restoration. Intriguingly, the early regeneration outcomes at four weeks after grafting,
immunohistochemistry demonstrated that the TENG strikingly promoted axonal outgrowth. In general, the regeneration outcomes in TENG
more closely paralleled findings observed with the autologous grafting group compared to the chitosan matrix scaffold group.Conclusions:
Collectively, CS–GP–TNF-α-inhibitor nerve conduits had an elaborate system for sustained release of TNF-α inhibitors in vitro, while studies in
vivo demonstrated that the TENG could accelerate regenerating axonal outgrowth and functional restoration. The introduction of CS–GP–TNFα-inhibitor nerve conduits into a scaffold may contribute to an efficient and adaptive immune microenvironment that can be used for
facilitating peripheral nerve repair.
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Resveratrol Treatment Downregulates the Expression of Aquaporin-4 and -9 in Diabetic Rats
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Aquaporins (AQPs) are defined as water channel proteins involve in the regulation of water homeostasis by controlling the water flux through
the plasma membrane. In the central nervous system, three members of these proteins were dominantly expressed: AQP1, AQP4, and AQP9
(Hirt et al., 2018). Although AQP4 can only transport water, AQP9 was found to be permeable also to glycerol, urea and monocarboxylates
(Arciénega et al., 2010). In brain tissue, AQP4 plays central role in neuroinflammation and neurodegenerative diseases (Baudat et al., 2014).
The studies with the diabetic rodents showed that the AQP9 expression in astrocytes and catecholaminergic neurons was negatively regulated
by insulin level in the blood, and the high AQP9 expressions were observed in the streptozotocin (STZ) treated animals (Baudat et al., 2008).
In our study, we focused on the AQP-4 and-9 expressions in STZ-treated rats, and the reversal effect of resveratrol on the pathogenesis of the
diabetes on brain tissue was shown. The expression of AQP-4 and AQP-9 was upregulated by 5.6 and 46.5 in STZ-diabetic rats. At the same
time, BDNF expression reduced by 2.5 times, and tyrosine hydroxylase (TH) expression improved to 13.4 times of control group. After the
resveratrol treatment, the normal physiological levels of AQP-4 and -9 were measured. In parallel to AQP-4 and -9, the level of IL-1β and TNFa
were decreased in the tissue. Resveratrol helped to reduce to their normal levels, and BDNF expression was increased.
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Characterization of chemokine expression profile by tissue damage and human cord blood cell administration in
neonatal mouse ischemia-reperfusion brain injury model
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Regenerative medicine using cord blood (CB) cell shows promise for the treatment of cerebral palsy. Although the efficacy of this therapy has
been recognized in the clinic, the mechanisms by which how CB cell interacts and participates in the improvement of symptom are not well
elucidated. Here we explored the chemokine expression profile in the damaged brain tissue of the neonatal mouse ischemia-reperfusion brain
injury model that was infused with human CB cells. Nine-day-old NOD/SCID mice were used in the experiment. Ischemia-reperfusion brain
injury was induced by unilateral carotid occlusion and exposure to hypoxia, followed by unclamping the artery and exposing to normoxic
conditions. CB cells were administered at 3 weeks post brain injury. Chemokine expression profiles in the brain extract were determined by the
antibody-array technic and quantified by the beads-array method. Inflammatory chemokines such as CCL1, CCL17 and CXCL12 were transiently
up regulated by 24 hours post brain injury. Other chemokines CXCL1, CCL9 and CCL5 productions were prolonged up to 3 weeks post brain
injury, but the most of chemokines were dissipated over time. On the other hand, mice infused with CB cells were marked by increased level of
CCL2, CCL24, CCL20 and CX3CL1, which might be related to the newly recruitment and differentiation of neural stem cell, leading to the
induction of tissue regeneration. We proposed that chemokine expression profile in the brain was shifted from tissue damage responses to
inducing tissue regeneration. CB cell administration further enhanced the production of chemokines, and these chemokine networks may play
the active role in the tissue regeneration in neonatal hypoxic-ischemic brain injury.
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Comparison of detergent-based decellularization methods for generation of decellularized peripheral nerve
allografts: an in vitro and in vivo study
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Introduction. Decellularized peripheral nerve allografts (DPNAs) are a promising alternative to nerve autografts for peripheral nerve repair. They
provide a rich extracellular matrix (ECM) and a natural nerve architecture to the regenerating microenvironment. Efficient decellularization and
preservation of the most important ECM components are crucial for successful regeneration. Therefore, the aim of this study was to evaluate a
new decellularization protocol and compare this to two established detergent-based decellularization protocols. Methods. Sciatic nerve
segments from Wistar rats were decellularized according to one of the following methods: (1) the Sondell method, combining Triton X-100 and
sodium deoxycholate; (2) the adapted Hudson method, combining sulfobetaine (SB)-10 and SB-16 and (3) the Roosens method, developed in
our lab combining Triton X-100, DNase, RNase and trypsin. Both an in vitro analysis, including histology, biochemistry and a tensile test as well
as an in vivo validation in a rat sciatic nerve injury model were performed. Results. The in vitro analysis revealed that decellularization with the
Sondell method efficiently removed cellular material, but disrupted the endoneurial tubes. The adapted Hudson method did not affect the ECM
composition, but did not result in cell-free DPNAs either. The Roosens method obtained the best level of decellularization with good
preservation of the ECM. The in vivo study showed that none of the DPNAs performed as good as the autograft after 12 weeks, but the Sondell
and Roosens method resulted in better functional recovery than the adapted Hudson method. Moreover, histological analysis revealed that
more axonal sprouts reached the distal part in grafts of the Roosens method compared to the other decellularization methods. Discussion. The
new method developed in our lab combining Triton X-100 with enzyme treatment showed superior results both in vitro and in vivo compared
to the Sondell and adapted Hudson method. However, further supplementation with cell therapy could be beneficial to reach the level of
regeneration as seen with autografts.
Acknowledgments. This work was supported by the Spanish Plan Nacional de Investigación Científica, Desarrollo e Innovación Tecnológica
(FIS PI14/1343) from the Ministerio de Economía y Competitividad, Instituto de Salud Carlos III (co-financed by FEDER funds, European Union)
and by the Special Research Fund (BOF 14/IOP/045) from Ghent University, Belgium.

a92204

01-P456

Directing and promoting neuronal outgrowth and non-neuronal cell migration using phosphate glass fibres
embedded in engineered neural tissue for peripheral nerve regeneration
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Advances in biomaterials and tissue engineering have led to the development of Engineered Neural Tissue (EngNT) for peripheral nerve repair
[1]. Experiments using EngNT with embedded Schwann cells to repair rat sciatic nerve injuries indicated sub-optimal growth of neurites from
the proximal nerve stump into the EngNT [1, 2]. Phosphate glass fibres (PGfs) have been used in hard- and soft-tissue engineering applications
[3, 4]. They are biocompatible and biodegradable and have emerged as a potential material to resolve soft-tissue engineering interface issues
[5]. The aim of this study was to investigate whether PGfs could improve the interface between the proximal stump of a damaged nerve and
EngNT in supporting neurite outgrowth.
Hemisected dorsal root ganglia (DRG) were placed in direct contact with EngNT incorporated with and without PGfs. DRGs attached to
constructs were placed vertically into 1.5ml tubes and maintained in a tissue culture incubator (37 °
C/5% CO2) for 72h. Following
immunostaining, axonal growth and non-neuronal cell migration into the construct was imaged using an inverted fluorescent microscope. Image
analysis was performed using ImageJ.
This study demonstrates that PGfs can be successfully incorporated into EngNT to encourage non-neuronal cell migration and neurite
elongation in culture. Incorporating PGfs within EngNT permits non-neuronal cells to travel approximately twice the distance into EngNT.
Furthermore, neurites are able to elongate approximately one and a half times the distance into EngNT that was modified with PGfs. Future
work involves testing ‘EngNT + PGf’ constructs in vivo to investigate whether ingrowth of neurites from the proximal nerve stump is improved.
References
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[2] Georgiou, M., et al., Biomaterials, 2015. 37: p. 242-51.
[3] Bitar, M., et al. J Biomed Mater Res A, 2008. 87(4): p. 1017-26.
[4] Shah, R., et al. Biomaterials, 2005. 26(13): p. 1497-505.
[5] Ahmed, I., et al. Biomaterials, 2004. 25(16): p. 3223-32.

225

a92573

01-P457

Peripheral nerve regeneration by porcine small intestinal submucosa

IL WOO LEE
Department of Neurosurgery, Catholic Univesity of Korea, Seoul, Korea

Objectives : The search for a suitable material to guide the nerve regeneration has been a challenging tasks. Many kind of materials including
artificial or natural products has been studied for this purpose, despite its limitations and complications. We investigated the possibility of using
porcine small intestinal submucosa(SIS), a tissue consisting of nonimmunogenic acellular collagen with many kinds of growth factors, as a
natural materials for peripheral nerve guidance channel.
Material and Methods : Left sciatic nerves were cut 5mm in length in 20 Sprague Dawley Rat. Graft between cut nerve ends were performed
with silicone tube (group 1, n=7), silicone tube filled with platelet supernatant(group 2. n=7), dry porcine SIS(group 3, n=6). All rats underwent
motor function test and electromyography study on 4th week and 10 weeks after grafting. On 10 weeks, the animals were sacrificed after EMG
study and graft including proximal and distal nerve segments were retrieved for histological analysis.
Results : Foot ulcers due to analgesia were fewer in group 3 than group 1 or 2. Run time test for motor function study were 2.67 in group 1,
3.61 in group 2 and 5.92 in group 3. Group 3 animals showed better EMG response for distal motor latency, amplitude compared with group
1 and group 2 animals. Histologically, all graft contained some axons and myelination, but the number of the axon and the degree of
myelination was significantly high in group 3 animals than group 1 or 2.
Conclusion : These results show that porcine SIS was excellent option as a natural biomaterial for peripheral nerve regeneration. And more, it
could be used as biocompatible barriers covering neural tissue, for example, dural repair, since this material contains many kinds of nerve
growth factors.
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Extracellular matrix/polydopamine-contained 3D printed nerve conduits for promoting nerve regeneration
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Abstract:
Autologous nerve graft has good clinical results, but the disadvantages are limited sources, donor site incidence and size matches. As nerve
conduits can be used to promote neuronal growth and to guide axonal extension after nerve injury. Therefore, nerve catheter has become the
second alternative to autologous nerve transplantation. In this study, we using Digital light processing (DLP) technology in 3D printing to
developed a photopolymerizable water-based polyurethane (PU) material. In addition, we mixed polydopamine (PDA) and extracellular matrix
(ECM) to enhance neural stem cells in nerve conduit growth and differentiation performance. In result, SEM and immunofluorescence staining
images showed good cell compatibility. Furthermore, neurological transection and conduit efficacy 8 weeks after conduit implantation were
assessed using a 10 mm sciatic nerve transection rat model. Finally, the electrophysiological test, functional and histological evaluation of the
regenerative assessment were performed to compare with the commercial silicon conduit in this study. Thus, our printed PU/PDA/ECM conduit
advance reconstructs the microenvironment neural regeneration. This study demonstrates the potential of 3D-printing PU/PDA/ECM nerve
conduit for potential clinical applications in the future.
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A Drug-Eluting 3D Biprinted Mesh for Treatment of Glioblastoma Multiforme

Mohsen Akbari1，Bahram Mirani1，Reihaneh Hosseinzadeh1，Brian D Toyota2，Saeid Ghavami3
1
Department of Mechanical Engineering, University of Victoria，2Division of Neurosurgery, Faculty of Medicine, University of British Columbia，3Department of Human Anatomy and Cell
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Glioblastoma multiforme (GBM) is a rapidly progressing and deadly form of brain cancer with a median survival rate of ~15 months. One of the
key challenges associated with the management of GBM is the difficulty in achieving effective drug levels via systemic therapies because of the
blood-brain-barrier (BBB). Local delivery of anticancer agents to the tumour site is a promising approach that allows delivering higher doses of
the drug to the tumour and circumventing the BBB. Herein, we report on the development of 3D printed drug-eluting meshes (GlioMesh)
capable of at the resection pocket over a prolonged period without systemic exposure. First, we used an oil-in-oil (O/O) solvent evaporation
procedure to fabricate drug-loaded polymeric microspheres. Using these approaches, we improved the encapsulation efficiently temozolomide
(TMZ) — an oral DNA-alkylating agent that is widely used as the adjuvant chemotherapy for GBM — from ~2% to ~65%. The TMZ-loaded
microspheres were then patterned into a drug-releasing mesh by the use of 3-dimensional (3D) bioprinting with the aim of immobilization of
microspheres around the target site. In vitro characterization of GlioMesh showed a prolonged release of the drug (up to 2 months) at the
resection cavity, which in turn contributes to improving the treatment efficacy and reducing the systemic toxicity. GlioMesh is flexible and can
conform to the irregular structure of tumour cavity. This conformal contact then results in achieving high dosages and uniform distribution of
TMZ. Finally, the suitable porosity provided by 3D bioprinting facilitates the transport of oxygen and nutrients to the tissue.
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Bioink Formulations of Hyaluronic Acid Hydrogels for Applications in Nerve Regeneration after Spinal Cord Injury

Emi A. Kiyotake，Michael S. Detamore
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Bioprinting hyaluronic acid (HA) hydrogels empowers researchers to better mimic the native structure of tissues by allowing for spatial control
over the general hydrogel structure and distribution of bioactive cues for the regeneration of functional tissues. Bioprinting technologies are
capable of depositing different hydrogel biomaterials in complex tissue-like structures; however, many hydrogels precursors are liquid and
cannot be bioprinted with high resolution using an extrusion-based bioprinter. While the development of printable biomaterials, or bioinks, has
progressed significantly, few bioinks have the necessary physical properties for bioprinting high-resolution, tissue-like structures that promote
desirable tissue regeneration. In the current study, we characterized printable formulations of pentenoate-functionalized HA (PHA) hydrogels.
HA hydrogels are a promising material for regenerative medicine as HA is present in native tissues (e.g., cartilage, nerve, skin), commercially
available, and easily chemically modified to support numerous crosslinking chemistries for hydrogel formation. Specifically, the PHA hydrogels
used in these studies leverage the thiol-ene click chemistry and reduce the hydrogel crosslinking time (~2 minutes) compared to other
chemical modifications such as methacrylated HA (~10 minutes). To determine printability, the mechanical performance of the precursor PHA
hydrogel was evaluated and the print quality via shape fidelity was assessed after printing on a pneumatic-based bioprinter. We found that
functionalizing a high molecular weight HA (1.5 MDa) and using a concentration greater than 3 wt% was sufficient to produce a precursor yield
stress of at least 390 ± 130 Pa and have high shape fidelity after bioprinting. As a printable and chemically tunable bioink, PHA can be
leveraged as a platform for bioprinting spatial patterns of different bioactive signals for further studies in guiding neuronal axon growth and
enhancing nerve regeneration after spinal cord injury.
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In-Vitro Study of Electrospun PLGA Nanofibers for Future Nerve Conduit
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The study’s objective was to develop an aligned biocompatible scaffold human nerve conduit for future use in peripheral nerve regeneration in
vitro. PLGA nanofibers were fabricated using electrospinning onto a collagen matt with essential parameters were analysed to sustain a stable
electrospinning and further evaluate the importance of morphology, cells compatibility, degradation, sterilization and the mechanical strength
for the nanofibers on the collagen matt. PLGA fibers of around 700-1000nm were attained with the used of solvent with 4:1 ratio of DCM and
DMF in a concentration of 20% PLGA (w/v), with 70-80% of the fibers are aligned in a uniformed direction. The scaffold was then sterilized
under UV light for 30 minutes on each sided before seeding cells. Fibroblast cells were seeded onto the scaffold and the cells were viable and
attached to nanofibers in which the conduit will later be seeded with Schwann-like cells derived and differentiated from human bone marrow
mesenchymal stem cells as it mimic the natural environment of a peripheral nerve. The differentiated cells show slight intensity of schwann cell
markers via immunocytochemistry such as GFAP, p75 NGF, Nestin, S100ß and MPZ. Hence, electrospun PLGA nanofibers conduit seeded with
schwann-like cells may be a favourable alternative to peripheral nerve regeneration injury within the years to come.
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Detecting tumorigenicity following hiPSC-NS/PCs using clinical applicable PET-CT and MRI

Yuji Tanimoto1,2，Narihito Nagoshi1，Osahiko Tsuji1，Kota Kojima1,2，Yuichiro Nishiyama1，Nobuhiro Nitta4，Sayaka Shibata4，Ichio Aoki4，
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1
Department of Orthopaedic Surgery, Keio University School of Medicine, Tokyo, Japan，2Department of Physiology, Keio University School of Medicine, Tokyo, Japan，3Department of
Radiology, Keio University School of Medicine, Tokyo, Japan，4Molecular Imaging Center, National Institute of Radiological Sciences, Chiba, Japan

【Introduction】We have previously reported the beneficial effects of transplanting human induced pluripotent neural stem progenitor cells
(hiPSC-NS/PCs) into the spinal cord of contusion model rodents. However, transplanting certain hiPSC-NS/PCs, which are known to have
tumorigenic properties, resulted in the deterioration of motor function secondary to the oncogenic transformation. We demonstrated that the
tumors derived from these “bad clones” consisted of immature undifferentiated human-specific NESTIN positive cells. Current imaging
modalities that are available to us in the clinical setting cannot successfully detect these tumorigenic changes. The purpose of this study is to
develop a method that allows us to visualize the potential tumorigenic changes using techniques that are readily available such as PET-CT and
MRI.
【Method】253G1-NS/PCs (oncogenic clones), 414C2-NS/PCs (benign clones) or phosphate-buttered saline was transplanted into the striata
and cervical/thoracic spinal cord of NOD/SCID mice. These cells were cultured and labeled with firefly luciferase genes via lentiviral
transduction. Two months after transplantation, gadolinium injected MRI was performed followed by PET with 11C-Methionine (MET) and
18
F-TSPO ligand (18F-FEDAC : JNM2010, 51-1301) within 24 hours. The mice were immediately sacrificed and the brain and spinal cord were
dissected out for autoradiography (ARG). The correlation between the in vivo imaging data and immunohistochemistry results were evaluated.
【Result】
A region of high signal intensity on T2 weighted MRI was identified at the transplanted site of the mice in 253G1 group, but there were no
significant findings in the other groups. In vivo dynamic TSPO-ligand PET and 11C-MET PET revealed an increase in tracer uptake at the
transplanted site in the 253G1 group which was not found in the other groups. We found that there was a significantly higher binding of
18
F-FEDAC at the transplanted site in the 253G1 group using ARG . Immunohistochemistry showed a high level of NESTIN+/STEM121+ cells in
the transplanted site, especially in 253G1 group.
【Conclusion】We were successful in detecting the tumor like overgrowth using all three modalities. The detected signal was higher in
oncogenic clones compared to the benign clones using PET. In the future, we aim to monitor the dynamics of the transplanted cells using PET
to identify any time-dependent metabolic changes.
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Ultrasound-induced neurite outgrowth in primary neurons for axonal regeneration
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[Introduction] Axonal regeneration after spinal cord injury remains a challenge of neuroscience. Neurite outgrowth is one of the essential steps
in axonal regeneration. However, central nervous system myelin contains proteins that inhibit neurite outgrowth. Thus, extensive efforts have
been conducted to develop strategies that enable injured neurons to re-grow. Low-intensity pulsed ultrasound (LIPUS) enhanced neurite
outgrowth in tumor cell lines. Furthermore, LIPUS improved peripheral nerve regeneration in rat. Therefore, LIPUS may have a potential for
axonal regeneration after spinal cord injury. Our ultimate goal is to develop LIPUS therapy for spinal cord injury. In this feasibility study, we
evaluated whether LIPUS can induce neurite outgrowth in primary neurons.
[Methods] Primary rat [Fisher 344] cortex neurons (Life Technologies) were seeded onto collagen type-I gel in 35 mm culture dish. Neurons
were maintained in Neurobasal® Medium (Life Technologies) supplemented with B-27® Supplement (Life Technologies) and GlutaMax™-1 (Life
Technologies). After culturing for 3-day, ultrasound was exposed to neurons for 10 min at 37°C. Ultrasound parameters were as follows; 1 MHz
center frequency, 10% duty cycle (100 μsec pulse width, 1 kHz pulse repetition frequency), the spatial-average temporal-average ultrasound
intensity was 30 mW/cm2. Neurons were observed with a phase-contrast microscope in 7 consecutive days. In addition, neurons were stained
with calcein-AM and propidium iodine. Both phase-contrast images and fluorescent images were analyzed with Image J® in order to assess the
neurite outgrowth.
[Results] The number of calcein-AM positive cells was higher in LIPUS group than in the control group. Calcein-AM positive cells in LIPUS group
had more and longer neurites compared with calcein-AM positive cells in the control group.
[Discussion] This preliminary study shows the feasibility of LIPUS for stimulating neurite outgrowth. The effects of single LIPUS treatment were
limited in this preliminary study because we used the complete medium for primary neurons. In ongoing study, we intend to illustrate that
LIPUS can be useful for stimulating neurite outgrowth in the presence of inhibitors (e.g., Nogo or MAG).
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Mechanically induced neuroinflammation to reproduce peri-electrode gliosis macro environment
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Background:
Neuroprosthetic electrode implants have been under investigation for decades and have been proven to be safe and efficacious as therapeutic
devices for multiple diseases of the central nervous system (CNS) including Parkinson’s and Alzheimer’s disease. Functional neuroelectrodes
should remain functionally stable in situ to support intimate contact with CNS tissue for long-term recording performance and therapy to
achieve optimum therapeutic benefit. However, studies indicate that, in situ, neuronal recording and charge deliverance decrease with time in
implanted electrode systems. This loss of function can be attributed in part to an acute inflammatory reaction resulting from the initial
mechanical shear stress experienced during the insertion of the neural electrode. This mechanical trauma results in an adverse tissue response
characterized by glial scar formation and electrode encapsulation, causing the signal strength to decrease and adjacent neurons to move away
from the electrode as a result of the surrounding region of gliosis.
Aim:
To develop an inflammatory model using shear flow stress on primary mixed cell population to reproduce gliosis in vitro.
Methods:
Using an in-house parallel-plate flow chamber system, ventral mesencephalic mixed primary cells were exposed to different level of pressuredriven fluid flow allowing to apply a defined shear stress (0.6, 0.8, 1, 2 and 4 Pa) for either a 5-minute pulse to reproduce the insertion only or
up to several days to reproduce micro-motion movements between the implant and the brain tissue. The cells were then kept in culture for 1
to 10 days before being assessed using markers of neuroinflammation. The morphology and protein expression of neurons and glial cells were
quantified by image analysis, ELISA and custom protein antibody microarray were used to detect the level of neuroinflammatory proteins.
Results:
Data have shown that the applied shear flow leads to astrocyte reactivity and inflammatory environment. Shear stresses from 0.6 to 4 Pa have
all significantly increased the GFAP protein expression and size of astrocyte cell body along with the up-regulation of several neuronal proinflammatory markers.
Conclusions:
We have developed a novel in vitro model of neuroinflammation using parallel flow shear stress that mimics the insertion of neuro-electrode
into the brain. This model will certainly be a precious tool for future researchers developing anti-inflammatory and anti-gliosis molecules.
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The problem of translation – how can we advance regenerative cell therapies for human paralysis?
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Much research into prospective cell therapies for spinal cord injury (SCI) has involved experimental studies using small rodents in tightly
controlled injury models. These studies are highly informative in terms of mechanisms of action, but fail to address many issues relating to the
scale up of cell therapies in humans, including problems associated with provision of autologous cell grafts, the more heterogeneous nature of
the SCI suffered in humans and cell dosage. To try to bridge this gap, we have begun examining the regenerative capacity of canine
mesenchymal stromal/stem cells (cMSCs) in comparison with their human counterparts – this is because dogs, like humans, suffer naturally
from catastrophic SCI which can lead to instant and permanent paralysis. We show that cMSCs and human MSCs isolated from adipose tissues
by plastic adhesion expressed a similar CD profile and differentiated to form chondrocytes, adipocytes and osteocytes to similar levels, as
delineated by proteoglycan secretion, oil Red O accumulation and alkaline phosphatase activity. Furthermore, both cell types were found to be
neurotrophic and angiogenic; this was as evidenced by increased neurite outgrowth, increased neuronal cell proliferation and βIII-tubulin
immunopositivity in SHSY5Y cells, and increased cell migration, increased cell proliferation and tubule formation in Ea.Hy926 cells (in Matrigel
assays) when cultured in the presence of MSC conditioned medium (MSC CM) versus control medium. All of these trophic effects were
significantly greater in MSC CM versus control medium, but did not differ markedly or significantly between each MSC species type. Our data is
supportive of the use of cMSCs for the treatment of dogs with paralysis as a result of SCI, as has been shown for other regenerative cells, e.g.
olfactory ensheathing cells. This translational pathway may help overcome several issues as we try to interpret experimental studies of MSC
transplant therapies in small rodent models to human (and canine) patients.
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Improvement of renal function after human umbilical cord mesenchymal stem cell treatment on chronic renal
failure and thoracic spinal cord entrapment: a case report
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Chronic renal failure is an important clinical problem with significant socioeconomic impact worldwide. Thoracic spinal cord entrapment
induced by a metabolic yield deposit in patients with renal failure results in intrusion of nervous tissue and consequently loss of motor and
sensory function. Human umbilical cord mesenchymal stem cells are immune naïve and they are able to differentiate into other phenotypes,
including the neural lineage. Over the past decade, advances in the field of regenerative medicine allowed development of cell therapies
suitable for kidney repair. Mesenchymal stem cell studies in animal models of chronic renal failure have uncovered a unique potential of these
cells for improving function and regenerating the damaged kidney. We report a case of a 62-year-old ethnic Indonesian woman previously
diagnosed as having thoracic spinal cord entrapment with paraplegic condition and chronic renal failure on hemodialysis. She had diabetes
mellitus that affected her kidneys and had chronic renal failure for 2 years, with creatinine level of 11 mg/dl, and no urinating since then. She
was treated with human umbilical cord mesenchymal stem cell implantation protocol. This protocol consists of implantation of 16 million
human umbilical cord mesenchymal stem cells intrathecally and 16 million human umbilical cord mesenchymal stem cells intravenously. Three
weeks after first intrathecal and intravenous implantation she could move her toes and her kidney improved. Her creatinine level decreased to
9 mg/dl. Now after 8 months she can raise her legs and her creatinine level is 2 mg/dl with normal urinating. Human umbilical cord
mesenchymal stem cell implantations led to significant improvement for spinal cord entrapment and kidney failure. The major
histocompatibility in allogeneic implantation is an important issue to be addressed in the future.
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The regulatory effect of macrophages on osteocytes
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Background: The close relationship between the skeletal and immune systems has attracted extensive attention in recent years. Immune cells,
especially macrophages have been found to play essential roles in the differentiation and maturation of osteoblasts. It could be presumed that
the cytokines produced by activated macrophages may also be received by osteocytes in the same micro-environment, and may further alter
osteocyte-mediated terminal mineralisation.
Objective: The present study aimed to investigate the regulatory effect of different subsets of macrophages on the differentiation and function
of osteocytes.
Methods: RAW 264.7 cells (murine macrophages) were induced towards M1 (pro-inflammatory) and M2 (anti-inflammatory) macrophages,
respectively. Conditioned medium (CM; medium containing soluble factors/cytokines produced and secreted by macrophages) derived from
M0 (non-activated macrophages), M1 and M2 was collected to stimulate IDG-SW3 murine osteocyte cell line. The morphology of CM-treated
osteocytes and the respective mineralized nodule composition were observed and detected by scanning electronic microscopy (SEM).
Osteogenesis-related gene expression was determined by reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Results: Less dendrite development was found in osteocytes treated with CM derived from M1 macrophages. The ratio of calcium to
phosphorus was significantly lower in M1-treated group compared to the M0- and M2- treated groups. The secretive factors from M1
macrophages led to a decrease in osteogenesis-related gene expression in osteocytes, and the mineralisation process was significantly altered.
Conclusion: M1 macrophages restrict osteocyte-mediated terminal mineralisation. The detailed mechanisms of the regulatory effect of
macrophages on osteocytes are yet to be elucidated in our future study.
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Ischemic stroke is one of the most frequent causes of death and disability globally, with significant clinical and socioeconomic effects. Current
treatment strategies are palliative, owing to the lack of efficient therapeutics. Developing novel therapeutic strategies for enhancing the repair
of neural structures and the recovery of functions are urgently required. In this work, we aim to employ a stem cell-based approach for treating
ischemic stroke. Three-dimensional (3D) aggregates of human mesenchymal stem cells (MSCs), which are capable of secreting neuroprotective
agents and inducing therapeutic angiogenesis, are constructed using a methylcellulose hydrogel system. The gene expression profiles,
secretion of cytokines and growth factors, and differentiation into neuronal and vascular lineages of the stem cell aggregates are evaluated.
Additionally, a neurite outgrowth assay is employed to assess the neuroprotective and neurogenic potential of the developed 3D stem cell
aggregates under various stressed culture conditions, such as hypoxia, inflammation, and oxidative stress, which mimic the post-injured
microenvironment. Our in vitro results demonstrate that the fabricated 3D stem cell aggregates can induce angiogenesis and secret
neuroprotective cytokines under stressed condition. In the following animal study, a mouse model of ischemic stroke that is established
surgically will be employed for evaluating the therapeutic efficacy of the fabricated 3D stem cell aggregates. The recovery of functions as well
as the detailed molecular mechanisms behind the therapeutic benefits mediated by the 3D stem cell aggregates will be elucidated.
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Spinal cord injury (SCI) is a devastating condition resulting in a disruption of neuronal connections. After injury the spinal cord lesion develops
into combination of a pseudocystic cavity, glial and mesenchymal scar resulting in a barrier for tissue repair and axonal regeneration. Building a
bridge across the SCI using hydrogels represents one of the therapeutic strategies in experimental SCI repair We have assessed the use of
laminin coated hydrogel based on poly (2-hydroxyethyl methacrylate), PHEMA with dual porosity, seeded with induced pluripotent stem cell
derived neural progenitors (iPSC-NPs), in the treatment of chronic SCI. We found in vitro that double porous hydrogel is more suitable for cell
proliferation when compared to gels with one type of pores. Larger pores are suitable for cell adhesion and expansion, while smaller pores
enable diffusion of nutrients and cannot be occupied by the cells. IPSC-NPs cultured for 3 weeks in hydrogel in vitro were positive for nestin,
GFAP and MAP2. These cell- polymer constructs were implanted into rats with balloon compression lesion 5 weeks after lesion induction.
Animals were behaviorally tested, and spinal cord tissue was immunohistochemically analyzed 4 months later. The implanted iPSC-NPs survived
in the scaffold for the entire experimental period. Host axons, astrocytes and blood vessels grew into the implant and an increased sprouting of
host TH+ fibers was observed in the lesion vicinity. Despite cavity bridging and robust survival of iPSC-NPs in the hydrogel, no statistically
significant improvement of locomotor recovery was observed. The implantation of iPSC-NP-cell polymer construct into the chronic SCI led to
the integration of material into the injured spinal cord, reduced cavitation and modest behavioral recovery support with no negative impact on
treated animals. However, further co-therapies that will augment the efficacy of neural cell transplant and restore function in chronic SCI, have
to be identified. Support: GACR 17-11140S, P304/12/G069, MEYS LO1309
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Dynamics of spinal cord injury in vivo using two-photon microscopy
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Spinal cord injury (SCI) is a devastating clinical condition with profound and irreversible impact on patient's quality of life, with no effective
treatments available. Better comprehension of both primary and secondary mechanisms involved in SCI is a critical prerequisite for any
development of new therapeutic interventions. However, standard experimental approaches mostly used for studying SCI lack temporal
resolution necessary for understanding its inherently dynamic aspects. Therefore, basic successive mechanisms of SCI are still poorly
understood. Using repeated intravital two-photon imaging, we studied dynamic reactions of genetically-defined cell types following SCI. We
implanted a custom-made imaging chamber, performed laminectomy and covered it with a spinal cord window. Thus, we obtained permanent
optical access to the dorsal spinal cord for weeks up to months. Transgenic mouse strains were used to visualize spinal cord neurons and glial
cells. One week after the window implantation, we did a laser-induced SCI with transection of axons in the dorsal column. Time-lapse imaging
enabled us to repeatedly observe and evaluate the morphological changes after SCI. Individual axons and cells were precisely reidentified and
tracked between individual consecutive imaging sessions. We observed heterogeneously asynchronous, spatially intermingled morphological
changes and their continuous transitions between diverse states including axonal swelling and dieback, formation of retraction bulbs or
spheroids, often with a subsequent fragmentation. In a subset of mice we transplanted GFP-labeled mesenchymal stem cells, tracked the
grafted cells in vivo and observed the changes of their morphology. This methodology can be useful for real-time assessment of new
therapeutic strategies.
Supported by GAUK 414216 and GACR 17-11140S.
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Human Wharton’s Jelly-derived Mesenchymal Stem Cells Therapy for Sciatic Nerve Injury in Rat
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Mesenchymal stem cells (MSCs) have the ability to differentiate into multiple cell types. Wharton’s jelly-derived MSCs (WJ-MSCs) have early
embryonic state retain telomere at highest possible length, which protects them from premature loss of viability. It has been reported that
functional recovery of various neurologic disease models such as brain injury. However, the therapeutic effects of human Wharton’s jellyderived MSCs (WJ-MSCs) in guiding peripheral nerve regeneration remain poorly understood. In this study, to demonstrate the effect of WJMSCs on crush injured of the sciatic nerve in the rat. We immediately transplanted the WJ-MSCs into the region of injured sciatic nerve, and
then examined the behavior test, differentiation potentiality of transplanted WJ-MSCs into Schwann cells, expression of neurotrophic factors
and growth factors, and expression of pro- and anti-inflammatory cytokines. We were assessed by immunofluorescence staining, ELISA at 1, 3,
5, 7 and 56 days after WJ-MSCs transplantation. The results were: (1) a behavior test (Ankle Angle Measurements) showed a significant
improvement in the WJ-MSCs transplanted group as compared to none injected group, (2) WJ-MSCs, the expression of growth factor (VEGF)
was increased to compared group, (3) WJ-MSCs, the expression of anti-inflammatory cytokines were increased to compared group. We
suggest that WJ-MSCs could be effective cell for treating peripheral nerve injury.
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Neural Probe with Electrically Controllable Delivery of Manganese Ions for Synchronous High-Resolution Neural
Tracing with Deep Brain Stimulation
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Chronic brain stimulation has become a promising physical therapy with the increased efficacy and efficiency in the treatment of
neurodegenerative diseases. The application of deep brain electrical stimulation (DBS) accompanied with manganese-enhanced magnetic
resonance imaging (MEMRI) allows for unbiased functional anatomy represents a major challenge and goal in understanding the
communications between the areas of brain subject to the remedy. Thus, in this study, we developed a new type of conductive nanogel-based
neural interface composed of amphiphilic chitosan-modified Poly (3,4 -ethylenedioxythiophene) (PMSDT) that can exhibit biomimic structural/
mechanical properties and ionic/electrical conductivity comparable to that of Au. More importantly, the PMSDT enables metal-ligand bonding
with Mn2+ ions, so that the system can release Mn2+ ions, but rather than MnCl2 solution, which can be directly and precisely controlled by
electrical stimulation (ES) to achieve real-time high-resolution MEMRI. With the integration of PMSDT nanogel-based coating on the polyimidebased microelectrode arrays, the post-implantation DBS allowed for not only frequency-dependent MR imaging in vivo, but also a small focal
imaging in response to the channel site-specific stimulation on the implant. The MR imaging of the implanted brain treated by 5-mininute
electrical stimulation showed a thalamocortical neuronal pathway after 36h, confirming effective activation of the downstream neuronal circuit
following DBS. This study provided a model of MEMRI-functionalized DBS based on functional neural interface engineering and controllable
delivery technology, which is expected to be utilized in more detailed exploration on the functional anatomy for the treatment of
neurodegenerative diseases.
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Analysis of transduction efficiency and tropism of AAV serotypes in chronic spinal cord injury
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Introduction: A combination of several treatment options, including gene therapy, is thought to be necessary for the management of chronic
spinal cord injury (SCI). Optimizing the transportation efficacy of these therapeutic genes can potentially improve the performance, and hence
the outcome. In this study, we focused on the potential use of adeno associated virus (AAV) vectors as a therapeutic gene transporter. AAV
vectors are known to have a safe and long lasting gene expression in vivo, and are widely utilized in gene therapy. It is well known that AAV
serotypes, with different capsids, have different cell tropisms. However, a comprehensive study investigating the efficiency of the different
serotypes in chronic SCI has never been performed. The aim of this study is to elucidate the character of AAV serotypes in chronic SCI.
Method: We produced AAV serotypes 1, 2, 3, 4, 5, 6, 7, 8, 9, rh10, DJ and DJ/8 with CMV promoter. Firefly luciferase and GFP were used as
an in vivo reporter system. First, intraparenchymal injections of each serotype was given to the intact spinal cord (Th10) C57BL6 albino mice
and bioluminescence images (BLI) were measured weekly for three weeks. Second, the three most promising serotypes, based on the results of
the BLI, were injected into the spinal cord of chronic contusion SCI model C57BL6 mice. BLI were measured and immunohistlogical evaluation
was performed 6 weeks after the injections.
Result: In the first study using intact spinal cords, successful gene expression was observed in all 12 serotypes. Of these, AAV5, AAV6 and
AAVrh10 had the highest photon count measurements with BLI three weeks after injection. Therefore, we selected these serotypes for
injecting into chronic SCI models (n=4 each). AAVrh10 had the highest photon counts five weeks after injection (p<0.05). Immunohistological
analysis was used to identify the efficiency/character of the cell tropism. AAVrh10 transduced neurons and astrocytes more effectively than
AAV5 and AAV6. As for oligodendrocytes, effective transduction was seen with AAV6 and AAVrh10 compared to AAV5 (p<0.05).
Transduction to microglia/macrophage could not be observed with all three serotypes. A higher infiltration of the injury epicenter was
achieved using AAVrh10.
Conclusions: We showed that AAVrh10 was the most effective in transducing the spinal cord of chronic SCI model mice. AAVrh10 could be a
good candidate for therapeutic gene transfer and as a tool for research of chronic SCI.
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Enhancing peripheral nerve tissue engineering using gene and cell therapy

Francesca Busuttil，Michael P Hughes，James B Phillips，Ahad A Rahim
Department of Pharmacology, UCL School of Pharmacy, UCL, London, UK

Peripheral nerve injuries occur in up to 5% of trauma patients and are associated with motor, sensory and autonomic impairment. The
autologous nerve graft is the current clinical gold standard treatment for extensive nerve damage. However, it is associated with disadvantages
and does not result in restoration of function in all patients. Various nerve repair devices which attempt to overcome the limitations of
autologous nerve grafts have been produced. An emerging experimental strategy is the use of nerve repair devices that contain genetically
modified cells. This study will test the potential ability of collagen engineered neural tissue (EngNT) containing genetically modified cells to
enhance peripheral nerve tissue engineering in a rat model. An in vitro proof-of concept study was performed to deliver luciferase and green
fluorescent protein (GFP) genes to rat Schwann cells (SCL4.1/F7) via lentiviral-mediated transduction and to assess cellular viability for the
construction of EngNT. The cells were successfully transduced with efficiency dependent on the multiplicity of infection. This was confirmed by
fluorescence microscopy, bioluminescence imaging and flow cytometry. The transduced cells expressing both GFP and luciferase marker genes
were incorporated into EngNT. Stereoscopic fluorescence microscopy and confocal microscopy confirmed that the transduced cells had
distributed evenly throughout the construct. Bioluminescence imaging showed that the Schwann cells were still viable after seeding into the
constructs. No fluorescence or bioluminescence was observed in the untransduced cells or in the control constructs seeded with the
untransduced cells. Transduced cells were used to construct EngNT and the cell viability in vitro was monitored over a longer 21 day period
using bioluminescence imaging. Although cell viability diminishes over time, live cells were still detected at 21 days. The approach has also
been applied successfully to clinically relevant sources of therapeutic cells and provides a potential method for delivering genes that increase
vascularisation to the EngNT following implantation in vivo. The combination of gene and cell therapy is an emerging experimental strategy
which may provide the optimal environment for axonal regeneration following peripheral nerve injury. F.B. is funded by the ENDEAVOUR
Scholarships Scheme and the University College London Graduate Research Scheme.
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Remote control of cell signalling using tagged magnetic nanoparticles for neuronal cell differentiation- emerging
cell therapies for Parkinsons disease
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Introduction
Signalling pathways such as Wnt and Trek signalling are important controllers of cell fate and regulators of neuronal development. There is
therefore great interest in developing signalling modulators for treating neurodegenerative disease. Cell receptors that initiate signalling and
neural progenitor differentiation pathways can be targeted using ligand functionalised magnetic nanoparticles (MNP). This allows remote
mechano-stimulation of receptors and activation of differentiation pathways or direction of neurite outgrowth. The aim of this research was to
investigate the effects of remote activation of the Wnt receptor Frizzled and Trek1 K+ channels on the neuronal differentiation of
neuroprogenitor cells.
Methods
Target receptor expression was assessed in SH-SY5Y and neural progenitor cells using rtPCR. 250nm MNP were coated with peptides or
antibodies allowing MNP tagging to Frizzled/Trek receptors. Remote MNP-receptor complex stimulation was performed in 1h-3h sessions using
alternating magnetic field gradients provided by a magnetic force bioreactor. Downstream signalling activity was assessed by monitoring β
-catenin mobilisation and TCF/LEF responsive gene expression using a luciferase reporter. Neuronal differentiation marker expression was also
determined in vitro and in an ex vivo embryonic rat slice model to assess the effects of remote signalling activation on neuronal differentiation
of injected progenitor cells.
Results
Basal expression of Frizzled1, 2 and Trek1 was confirmed in SH-SY5Y cells. β-catenin mobilisation and TCF/LEF luciferase reporter activity
both increased over 24h in response to MNP and magnetic field stimulation. Short-term expression of stress-response genes NF-kB and COX2
was also observed in response to receptor activation. Expression of dopaminergic markers DAT and TH was augmented in vitro and
maintained in ex vivo rat brain slices when neuronal progenitor cells were cultured in differentiation media and treated with MNP and magnetic
stimulation.
Conclusion
Our results indicate that remote activation of cell signalling pathways using tagged magnetic particles can be used for the control of neuronal
precursor cell differentiation. This approach may offer a novel therapeutic strategy for treating neuro-degenerative diseases such as Parkinsons
disease.
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3D Bioprinting Coupled With Electrospinning of Conductive PPY/SF Scaffold for Neural tissue Engineering
Applications   

Yumin Yang，Yahong Zhao，Xin Tang
Key Laboratory of Neuroregeneration, Nantong University, Jiangsu, China

How to fabricate reasonably nerve grafts with outstanding properties is still a critical issue but remains a challenge for the repair of large nerve
defects. Thus, this paper reports on the development of composite scaffold with aligned conduction and nanofibers structure. It was prepared
by combing 3D bioprinting followed by electrochemical deposition of polypyrole (PPy) and electrospining of silk fibroin (SF) into a combined
PPy/SF matrix. PPy-coated aligned scaffolds and combined PPy/SF matrix were characterized by optical microscropy (OM) and Fourier
transform-infrared (FTIR). OM showed that the oriented silk was completely coated by PPy while FTIR showed that there are characteristic
peak of both PPy and silk. Then the effect of PPy content associated with 3D bioprinting diameter on different performances of the scaffold is
assessed. The results showed that the electrical conductivity was in the region of 10−5–10−3 S/cm proportional to the PPy loaded on the silk
and inversely proportional to the stability in vitro. In addition, the combined PPy/SF matrixs have good biocompatibility, as demonstrated by in
vitro cytotoxicity for they maintained higher than 95% of the relative growth rate compared to DMEM control. Furthermore, the biological
function was investigated by assessing the adhesion and proliferation of Schwann cells (SCs) on the prepared scaffolds using EDU,
immunocytochemistry and SEM tests. These results reveal that the combined PPy/SF matrix would be an effective material in cell culture and
nerve tissue engineering, where electrical conduction properties are required. In summary, this work provide the potential use of conductive
PPY/SF scaffold as a sutiable material for neural tissue engineering.
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Network formation on a biochip: a PEM based micropatterned plateform for guidance, regulation, and real time
monitoring of neural network formation

I-CHI LEE1,2，Yung-Chiang Liu3，Kin Fong Lei4
1
Graduate Institute of Biochemical and Biomedical Engineering, Chang Gung University, Taoyuan, Taiwan，2Neurosurgery Department, Chang Gung Memorial Hospital, Linkou, Taiwan，3Ph.D.
Program in Biomedical Engineering, College of Engineering, Chang Gung University, Taoyuan, Taiwan，4Graduate Institute of Medical Mechatronics, Chang Gung University, Taoyuan, Taiwan

There has been a growing need for cell-based in vitro models to study the neural network formation and neural regeneration. To develop an in
vitro model to mimic brain environment may benefit for understanding the cellular and molecular responses and would enable the
development of therapy strategies on neurodegeneration. Herein, a microfluidic system combined with microelectrode arrays with multi
channels platform (micropattern, surface modification of polyelectrolyte multilayer films, and electrical stimulation) for stimulation and
determination of the neuronal network development and organization was designed and fabricated. This system may provide a rapid, real-time,
label-free, and non-destructive stimulation and analysis platform for neural network formation.
In this study, bio-assays of neural stem/ progenitor cells (NSPCs) in the biochip include cell viability, cell differentiation, and neurite outgrowth
were determined. In addition, quantification of network formation and functional active synapses were also determined. Electric cell-substrate
impedance sensing records of network formation on different pattern and interface channels sizes were monitored and compared with the biodata. The results showed that neural network could be constructed on the biochip after 5 days of culture. In addition, it is indicated that
functional neurons could be generated. Moreover, the electrical connection of the neural network was confirmed by measuring the impedance
across the neurospheroids. This study provides an alternative method for real-time investigation of neural communication and regeneration.
This approach paves the way towards the development of brain on chip for neurodegenerative disease models and targeting the novel therapy
methods.
References:
1. Lei KF*, Lee IC*, Liu YC, and Wu YC. Langmuir 30, 14241, 2014
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Characterization of Midbrain organoids on chip: an in vitro disease model for Parkinson's research
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Neurodegenerative conditions such as stroke, Alzheimer's and Parkinson's are debilitating, incurable diseases causing progressive degeneration
and / or nerve cell death, resulting in motion or mental acuity deficits and may be associated with age. Today, 16% of Europe’s population is
older than 65, a number predicted to equal 25% in 2030. Current yearly estimates for dementia-related care in Europe reach €130 billion,
establishing the predominance of age-associated neurodegenerative diseases among Europe’s main medical and societal problems. A major
limiting factor in neurodegenerative disease modeling remains the paucity of sophisticated fundamental in vitro studies. Traditionally,
neuroscientific research in conventional, monolayer techniques suffers significant drawbacks due to the unrivaled complexity of the human
brain as a three-dimensional (3D) structure (Monzel 2017). Specifically, research focused on Alzheimer’s and Parkinson’s diseases has been
conducted in animal models lacking naturally occurring pathology. This may well explain the confounding drug failure rate published by the
FDA in 2004, citing that 92 percent of drugs passed in preclinical tests, including required animal tests, never make it to the market (Harding
2004). The controversy of animal research exists not only because of ethical concerns but also due to untranslatable results and significant
expense, spawning the desire for ethically sourced, economically efficient research techniques. In addition, animal research always includes
further unquantifiable variables, for example individual health status, reproducible diet, growth, weight, and inherent genetic discrepancies (Ertl
et al. 2009).Conversely, the integration of complex cell biology with microchip technology has the potential to generate new diagnostic tools
and disease models to help improve our understanding of the human body, while fulfilling the EU Directive to reduce, replace, and refine
animal testing. Currently, our research group is validating a midbrain -on- a-chip capable of evaluating new treatment approaches in a
reproducible, cost efficient model precluding animal trials. In this work, we integrate interdigitated electrodes to sense neurotransmitter
release, documenting d neurodegeneration and offering quantification of regenerative capacities.
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An Injectable Hydrogel with a Hierarchical Anisotropic Architecture   

Abdolrahman Omidinia Anarkoli，Rahul Rimal，Jonas Christopher Rose，Laura De Laporte
DWI-Leibniz Institute for Interactive Materials, Aachen, Germany

To regenerate complex tissues with an oriented extracellular matrix (ECM), such as the spinal cord, injectable hydrogels, which can be applied
in a minimally invasive manner, and yet providing structural guidance, are required. While most injectable hydrogels consist of an isotropic
network, we recently developed the Anisogel, a tunable, injectable hydrogel system, which allows precise engineering of the construct’s
anisotropy in situ after injection. [1] The Anisogel comprises a soft hydrogel surrounding short fibers, which orient in the direction of a low
external magnetic field (~ 50 mT), before complete gelation of the enclosing matrix. The fibers are rendered magnetic by incorporating a low
amount of superparamagnetic iron oxide nanoparticles (SPIONs), and cut short using a cryotome device. They are produced via a highthroughput Solvent Assist Spinning (SAS) technique, which enables continuous fiber production with variable diameter (1-50 µm) and, notably,
precise surface morphology. Depending on the employed solvent type, microfibers with smooth, grooved or porous surface topography can be
fabricated using the SAS method. In addition, the topography properties, such as the pore size and aspect ratio, and the groove width, can be
tuned. Therefore, the Anisogel provides control over the anisotropic structure of the 3D microenvironment at two different scales: i) the
macroscopic unidirectional architecture resulting from the microscale oriented fibers (diameter ~ 5-7 µm, length = 100 µm) and ii) the nanomicro anisotropic features, induced by the surface morphology of the fibers. While the unidirectional macroscopic structure of the hydrogel
prompts linear nerve growth inside the Anisogels, short fibers with grooved morphology (grooves width ~ 1-2 µm) led to an increase in neurite
length. Importantly, we demonstrate for the first time that the 3D Anisogel supports spontaneous neural signal propagation in the direction of
the oriented fibers. The unique properties of this hybrid material provide a versatile platform to investigate the effect of an anisotropic matrix
on physiological and pathological processes in vitro and in vivo.
1. Omidinia Anarkoli A, Boesveld S, Tuvshindorj U, Rose JC, Haraszti T, De Laporte L. An Injectable Hybrid Hydrogel with Oriented Short Fibers
Induces Unidirectional Growth of Functional Nerve Cells. Small 13, 36, 2017.
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Nanostructured Scaffolds Based on Bioresorbable Polymers and Graphene Oxide to Promote Neurogenesis  
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Regeneration of the nervous system is challenging due to its limited tissue plasticity and poor ability to regenerate after injury. Stem cell-based
therapies, even if promising, have faced important limitations in terms of cell survival and integration into the neural circuitry. To overcome this,
we have developed two-dimensional nanostructured scaffolds based on bioresorbable polyesters and graphene oxide to promote the
neurodifferentiation of dental pulp-derived stem cells (DPSCs). Poly(D,L-lactide) (PDLLA) films were first nanopatterned with grating of 350 nm
linewidth and subsequently functionalized with polydopamine, which acted as an adlayer for the final immobilization of graphene oxide (GO).
Extensive characterization by means of scanning electron microscopy, atomic force microscopy, X-ray photoelectron spectroscopy and Raman
spectroscopy demonstrated the successful incorporation of a homogeneously distributed layer of graphene oxide on the surface of the
nanostructured films. DPSCs represent a promising source of stem cells due to easy access and highly efficient extraction with minimally
invasive and safe procedures. These cells adhere and proliferate in vitro on the developed scaffolds, as demonstrated by TRITC-phalloidin and
Ki67 immunostaining. Moreover, DPSCs were elongated and aligned in the nanograting axis.We are currently studying the potential of the
scaffolds to drive differentiation of DPSCs towards neuronal precursors and/or functional neurons by analysing the expression of type-specific
proteins (e.g., β-III tubulin, DCX, NeuN, AcH). The combination of graphene oxide with nanoscale topographical cues provided by the
polymeric structure would serve as functional mimics to drive neuronal commitment and directional growth of neurites, thereby enabling a
facile and scalable approach to generate both neuronal precursors and neurons with an aligned growth for future clinical use.
Acknowledgments: Authors thank financial support from UPV/EHU (GIU 16/66, UFI 11/44), MINECO (SAF2015-70866-R) and Basque
Government (IT831-13). II and JL received PhD fellowships from Basque Government and UPV/EHU, respectively. This work has been financed
by MINECO “Ramón y Cajal” programs RYC-2012-11137 (JME) and RYC-2013-13450 (JRP).
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Nerve Guide Conduits with Intraluminal Guidance Cues for Peripheral Nerve Regeneration
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Introduction
There is a clinical need for improved treatments for peripheral nerve injury to overcome the disadvantages associated with autograft repairs.
Nerve guidance conduits (NGCs) can be used as an alternative treatment, however current commercial NGCs have simple designs and are only
successful in short distance nerve gaps. Here, conduits were fabricated containing intraluminal guidance cues in the form of either internal
microgrooves or aligned microfibres. Both were investigated in vivo to assess the influence of each type of guidance structure on peripheral
nerve regeneration.
Methods
Polycaprolactone-methacrylate (PCL-MA) was synthesised and used to fabricate conduits via microstereolithography; plain tubes and tubes
containing internal microgrooves were both produced. Aligned PCL microfibers were electrospun and inserted into the plain tubes to act as
intraluminal guidance structures. The individual components and combined constructs were analysed via scanning electron microscopy, helium
pycnometry and micro-computed tomography.
In vivo implantations were carried out in Thy-1-YFP mice to determine the effectiveness of each conduit type in promoting nerve regeneration:
the NGCs were used to repair a 3 mm injury of the common fibular nerve and regeneration was assessed via confocal imaging after a 3 week
recovery.
Results & Discussion
PCL fibres with diameters ranging from 2–16 µm were electrospun to a high degree of alignment and inserted into the plain PCL-MA tubes.
Fibre packing density was quantified to give a percentage fill of the conduit lumen with values ranging between 10-50%. PCL-MA conduits were
also produced with aligned microgrooves along the internal wall, with no material occluding the luminal area.
In vivo regeneration through the microgrooved and fibre-filled NGCs was quantitatively assessed via the tracing of fluorescent axons across the
injury site and results were compared to empty conduit controls and graft repairs. In the preliminary in vivo trials, axons were seen to traverse
the 3 mm nerve gap in each conduit type showing the potential for these intraluminal guidance cues in promoting nerve regeneration.
Acknowledgments
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High direct and indirect costs of spinal cord injury (SCI) to both individuals (NSCISC, 2013) and health services (Spinal Research, 2015) is
apparent, despite low global estimates of traumatic SCI (WHO, 2013). This financial burden is due to the sudden, severe and prolonged
impairment to multiple systems within the body. Impairment is caused by the disruption of the anisotropic tissue structure, tightly linked to the
function of information transmission, and the spinal cord’s poor regenerative capacity (Silver & Miller, 2004).
With this in mind, an effective scaffold may need to facilitate reconstruction of tissue architecture, and there is also evidence mechanical
properties of the tissue differ depending on the scale at which they are investigated (Bartlett, Choi, & Phillips, 2016). A consensus on the most
appropriate for spinal cord tissue regeneration has not yet been reached.
A scaffold design process was sought where degree of alignment, wettability and stiffness was easily adjusted. This has been achieved through
the combination of a highly aligned nonwoven and a photo-crosslinked collagen hydrogel. Electrospinning of polycaprolactone (PCL) and a selfassembling peptide, P11-8, has yielded a novel highly aligned nonwoven. Alignment of up to 68% of fibres ±10°of 0°and 88% of fibres ±30°
of 0 °has been achieved, with average fibre diameter of 485 ± 174 nm. Peptide concentration and distribution was confirmed using highperformance liquid chromatography, with concentration ranging from 29.7 µg per cm2 of nonwoven up to 112.4 µg per cm2. Investigation of
scaffold mechanical properties at the macro-, micro- and nano-scale has been probed using uniaxial tensile testing, compression testing and
atomic force microscopy. PC12 and C6 cell infiltration has been recorded.
Early consideration of material choices already used in medical devices to aid the route to market were taken where appropriate, including
the use of PCL in the nonwoven and collagen in the hydrogel. Augmentation of material properties, such as wettability, was achieved using P118. This also incorporated a sensitive and quantifiable material into the product which does not add steps to production and is already being
produced to good manufacturing practice standards. These considerations are important due to the high cost of taking a treatment through the
regulatory framework that surrounds implantable Class III medical devices, with the goal of treating patients cost-effectively.
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Injury-induced multipotent stem cells; characteristics and future perspective for stroke patients
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Using a mouse model of cerebral infarction, we previously demonstrated that injury/ischemia-induced stem cells developed within the poststroke area. Because they exhibited the traits as neural progenitors, we initially named them injury/ischemia-induced neural stem/progenitor
cells (iNSPCs). However, because of their differentiation activities other than neural lineage, we now call these stem cells injury-induced
multipotent stem cells (iSCs). We also demonstrated that brain pericytes near cerebral microvessels acquired multipotency following cerebral
ischemia in mice and that they could function as iSCs.
Very recently, we demonstrated that brain pericytes can also revert to iSCs in the human brain following cerebral infarction. Here, we
introduce the characteristics and future perspective of human iSCs. The Ethics Committee of our college reviewed and approved this study
(approval number: 1776). Brain samples were obtained from post-stroke areas in patients requiring both decompressive craniectomy and
partial lobectomy for diffuse cerebral infarction. Then, post-stroke human brain tissues were mechanically dissociated and the resulting cell
suspensions were incubated under adherent culture conditions. Polymerase chain reaction analysis indicated that putative iSCs did not express
astrocytic and endothelial lineage markers, but expressed pericytic and neural crest lineage markers. Immunohistochemistry showed that iSCs
differentiated into multiple cells, including neural and mesenchymal linegaes, indicating that iSCs share characteristcs of neural stem cells and
mesenchymal stem cells. In addition, we demonstrated that iSCs have potential to differentiate into electrophysiologically functional neurons.
Because human iSCs can differentiate into various cells, including neurons, iSCs have potential to repair the damaged CNS following ischemic
stroke. Thus, iSCs may be a promising cell source for patients suffering from cerebral infarction.
For clinical application by iSCs, we now propose two strategies. The first approach is the way to administer bioactive molecules which can
contribute to survival, proliferation, migration, and neuronal differentiation of endogenous iSCs. The second option is the one to transplant the
cultured autologous iSCs. This method may be applied in stroke patients mainly during subacute or chronic phase, but have advantages for
them from a point of view that a number of iSCs can be transplanted repeatedly.

a91562

01-P485

Characterisation of Nestin-GFP Expression in the Spinal Cord of Transgenic Mice  
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Ependymal cells (ECs) are found in the brain and lining the central canal of adult mammalian spinal cords and remain relatively quiescent in the
intact cord, self-renewing only to maintain existing cell populations (1). Following spinal cord injury (SCI) ECs are activated and proliferate,
differentiate, and migrate towards the site of injury (2). These progeny may form part of the glial scar in SCI, however the driving force behind
their behaviour is yet to be determined. Nestin is an intermediate filament protein known to mark neural stem/progenitor cells (3) and in these
animals the regulatory elements of the nestin gene were used to create a reporter line, thereby allowing the identification and isolation of such
cells. While these have been characterised in the brain (4), the identity of GFP-expressing cells has not been confirmed elsewhere within the
CNS. In this study immunohistochemistry and fluorogold (FG) retrograde labelling were used to characterise the Nestin-GFP expression. NestinGFP expression is seen throughout the spinal cord in the white and grey matter, intensifying at the central canal. FG labelling colocalized with
Nestin-GFP in the white and grey matter of the spinal cord and brain, identifying these cells as pericytes. A sub-population of GFP-positive cells
at the central canal of the spinal cord were not FG-positive, and these cells colocalized with markers of ECs, confirming their identity. NestinGFP-positive ECs colocalized with antibodies against CXCR4 and galectin-3, indicating potential targets for the manipulation of endogenous
stem cells following SCI. Nestin-GFP expression within the brain supported the identification of these cells as ECs. GFP-positive cells largely
devoid of FG labelling were located at the subgranular zone within the hippocampal dentate gyrus (5). Our results indicate this transgenic line
will be a useful tool for studying neurogenesis in the intact and damaged spinal cord, as well as the manipulation of ECs following injury.
Further insight into Nestin-GFP expression in an injured spinal cord could help untangle EC behaviour and any mechanisms hindering repair.
1. Meletis K, et al. PLoS Biol.6(7):1494–507, 2008
2. Mothe AJ, Tator CH. Neuroscience.131(1):177–87, 2005
3. Lendahl U, et al,. Cell. 60(4):585–95, 1990
4. Mignone JL, et al,. J Comp Neurol. 469(3):311–24, 2004
5. Encinas JM, et al. Cell Stem Cell. 8(5):566–79, 2011
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Neurogenesis of Neural Stem/Precursor Cells: Start from Serum Fractions

Yi-Chen Ethan Li
State Key Laboratory of Pulp and Paper Engineering, South China University of Technology

Regulating neurogenesis of neural stem/precursor cells (NSPCs) are the important topics in neural tissue engineering field. Biomaterials and
extracellular matrix (ECM) are widely used as substrates or scaffolds to regulate the neurogenesis of NSPCs1. It has been shown that NSPCs are
influenced by a number of matrix characteristics including wettability, surface charges, and so on2. However, because of non-anchor features of
NSPCs3, intrinsic factors in media such as serum4 also play a vital role for neurogenesis of NSPCs before them attach on matrix. Here, from
another point of view ─ intrinsic solutes of serum in medium, we want to introduce a concept to decipher the effects of serum fraction
components on neurogenesis of NSPCs.
By systematical identification of serum components, we successfully found a specific serum fraction with the neurogenesis function that might
be used as a novel neuronal differentiation medium. Besides, via combination of the serum fraction-based medium and substrates, it could
fabricate a high efficient neuronal differentiation system, suggesting that the system is useful for in vitro drug test of neural cells.
Importantly, we further used the neurogenesis serum fraction as an agent to treat the rats with ischemia brain, which can enhance the
neurogenesis of endogenous NSPCs and improve the functional recovery in an experimental model of transient cerebral ischemia. For future
applications, we expected our concept, regulation of NSPC neurogenesis by serum fractions, that could be extended to the neural regenerative
applications of autologous-serum from patients in neural tissue engineering field.
References
1. Sun, W. et al. Viability and neuronal differentiation of neural stem cells encapsulated in silk fibroin hydrogel functionalized with an IKVAV
peptide. J Tissue Eng Regen M 11, 2017.
2. Lins, L.C. et al. Effect of polyvinylidene fluoride electrospun fiber orientation on neural stem cell differentiation. J Biomed Mater Res B 105,
2017.
3. Rietze, R.L. et al. Purification of a pluripotent neural stem cell from the adult mouse brain. Nature 412, 2001.
4. Hung, C.H. et al. Differences in the effect on neural stem cells of fetal bovine serum in substrate-coated and soluble form. Biomaterials 27,
2006.
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Neurotrophic Effects of Centella asiatica (L.) Urban on Differentiation of Human Mesenchymal Stem Cells In Vitro
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Introduction
Increasing evidences have shown the potential of various herbs in differentiating human mesenchymal stem cells (hMSCs) to neural lineages.
Yet, there is almost no report on such effects for Centella asiactica (L.) Urban, which was used as nervine during prehistorical times. This study
was performed to investigate the potential role of raw extract of Centella asiatica (L.), (RECA) on neural differentiation of hWJMSCs in vitro.
Methodology
The cytotoxicity effects of RECA was evaluated via MTT viability assay. Then, RECA at varying concentrations (400, 800, 1200, 1600, 2000 and
2400 µg/ml) was supplemented to hWJMSCs (P3) alone or in combination of neurotrophic factors throughout 9 days of neural induction
process. The morphology of induced hWJMSCs was documented and neural markers expression (S100β, p75 NGFR, MBP, GFAP and MOG)
was analyzed via immunocytochemistry and quantitative PCR. RECA effects on cell cycle of induced hWJMSCs was evaluated using flow
cytometry.
Results
It was found that RECA exerted effects on both proliferation and neural differentiation of hWJMSCs in a dose-dependent manner with IC50,
1875±55.67 µg/ml. The stimulatory effects of RECA on neural differentiation of hWJMSCs was pronounced at 400 and 1200 µg/ml, via the
protein expression of the studied markers on the induced cells. Low gene expression level was detected in each of the neural markers and it
was insignificantly different across the experimental groups. The normal growth cycle of the hWJMSCs was found not to change upon induction
with RECA. All the cells mainly populated in G0/G1 phase due to cell growth arrest attributed by cell’s confluency and/or inhibitory effect of
RECA.
Conclusion
Although RECA has inhibitory effects on hWJMSCs, it has the ability to differentiate the cells to neural lineages, either it used alone or in
combinations of neurotrophic factors.
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Development of a novel co-culture system of recapitulating the interaction between endothelial cells and neural
cells in the blood-brain barrier

Saki Kouno1，Kennedy Omondi Okeyo1,2，Taiji Adachi1,2
Graduate School of Biostudies, Kyoto University, Kyoto, Japan，2Institute for Frontier Life and Medical Sciences, Kyoto University, Kyoto, Japan
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Simplified in vitro organ models (organ-on-a-chip) are promising to revolutionize drug development by making it cheaper and faster to test new
drug using human cells. In particular, the blood-brain barrier (BBB), which is formed by the endothelial cells that line cerebral microvessels and
selectively controls transport of substances from the blood into the brain, is increasingly attracting attention due to its importance in drug
development. The barrier function of BBB is often cited as the main cause for the failure of newly discovered drugs targeting neurodegenerative
diseases, hence the need to recapitulate its functions and structure in vitro. Indeed, various attempts to reconstitute BBB in vitro have been
reported, but so far no study has succeeded at faithfully recapitulating the interaction between astrocytes and endothelial cells, which is
known to regulate transport across BBB in vivo [1].
Here we report a novel approach to reconstitute a 3D BBB model by first inducing endothelial cells (HUVECs) to self-organize into sheets
which are then co-cultured with brain cells in a 3D gel co-culture system. For this approach, we utilize the micromesh culture technique
reported by our group [2], which involves culturing cells on suspended thin mesh sheets (thickness: 2~3 μm) with wide apertures (>100 μm)
and narrow mesh lines (3~5 μm) to limit cell-substrate adhesion and, in turn, induce self-organization mediated solely by cell-cell contact. The
HUVEC sheet obtained this way are then positioned atop a Matrigel matrix module containing brain cells derived by differentiating neural stem
cells to obtain a 3D co-culture system [3] in order to mimic the structural arrangement of cells in an in vivo BBB. Immunofluorescence
microscopy revealed a uniform expression of vascular endothelial cadherin in mesh derived HUVEC sheets, signaling the formation of
adherence junction. In addition, after 3 weeks of neural differentiation induction, dendrites were seen to elongate in the 3D gel, and
immunostaining revealed the expression of key neural markers (MAP2).
Thus, by co-culturing the HUVEC sheet with the 3D brain culture module, it will be possible to recapitulate the 3D structural arrangement
enabling us to study and clarify the selective transport mechanism of BBB.
References
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3D in vitro blood capillaries, towards a model of the blood brain barrier
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Drug diffusion across blood capillaries in the human body and brain is a crucial assessment for early selection of drug candidates.
Pharmacokinetics evaluation relies on robust and relevant in vitro tissue models. Here, models of capillary networks were developed with a 3D
organization in extracellular matrix (ECM). This technology was then optimized to mimic the heavily selective blood brain barrier (BBB).
Two methodologies were developed. First, single human endothelial and fibroblast cells (HUVEC and NHDF) were coated with fibronectin and
porcine type-I gelatin nanofilms, and seeded into cell culture inserts. The alternation of the two cell types layers enhanced the formation of
different vascular network structures. The second methodology aimed at increasing the ECM collagen proportion to get closer to 32%, the
human body ratio. Collagen sponges were not dissolved but rather homogenized into collagens microfibers which can be directly mixed with
the cell suspension and seeded in the inserts. In the BBB model, HUVEC and NHDF were replaced by human immortalized brain endothelial
cells (HBMEC), pericytes (HBVPC) and astrocytes (HASTR). Histology, immunofluorescence and electronic microscopy allowed the evaluation of
3D tissue model structure, while permeability and transport were assessed with fluorescent labelled dextran and microspheres.
Both methodologies induced a 3D capillary network formation. Controlled location of endothelial cells was achieved, leading to the formation
of open-ended tubulars which permitted the study of the passage of small molecules[1]. Perfusable capillaries structures were developed on
commercial microplates making them pertinent for high-throughput drug screening. Results from coculture of HUVEC and NHDF were
translated to a triculture protocol for HBMEC, HBVPC and HASTR showing promising results. In a next step, validation of the barrier functions
and transporter expression will be carried out using human pluripotent stem cells. Finally, implementation in a perfusable device will complete
this proposition of a BBB on a chip.
[1] Hikimoto D, Nishiguchi A, Matsusaki M, Akashi M. Adv. Healthc. Mater. 5, 1969–1978, 2016.
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Delivering engineered neural tissue within peripheral nerve repair conduits
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Current surgical treatment for major peripheral nerve injuries relies on the use of nerve autografts. The aim of our research is to use tissue
engineering and regenerative medicine technology to develop living replacement nerve tissue that could be used as an alternative to a nerve
graft.
Previous work has developed engineered neural tissue1, 2 (EngNT), a living replacement endoneurium formed using self-alignment of cells in
collagen gels. In order to progress this technology towards clinical translation, the use of human neural stem cells as a potential allogeneic
source of therapeutic cells in EngNT is under investigation. In addition, production technology is being developed to facilitate reliable
construction of conduits containing EngNT.
Undifferentiated and differentiated clinical grade human neural stem cells (CTX cells from ReNeuron Ltd, UK) were used to manufacture EngNT.
Different geometries of EngNT were then tested using a rat model of peripheral nerve injury.
EngNT has been generated using CTX cells differentiated towards a glial phenotype. The production of EngNT has been optimised through the
development of new equipment that can be scaled up and is amenable to automation and suitable for translational studies. Initial tests
involving a rat model of surgical nerve repair indicated that the EngNT implant maintained its overall structure and supported regeneration of
host neurons.
REFERENCES:
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Investigation of a 3D Brain Angiogenesis Model Mimicking CNS Developmental Stages
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[Background & Aims] Neurovascular unit (NVU) is an important concept for the treatment of central nervous system (CNS) and for
understanding basic brain functions. Since NVU is composed of neurons, glial cells, blood vessels and extracellular matrix, it is essential to
construct brain blood vessels in combination with neural cells for construction of NVU in vitro. It is known that brain angiogenesis, which is the
process of new blood vessel formation, is strictly regulated by neural cells during development. Therefore, we aimed to construct a 3D brain
angiogenesis model mimicking CNS developmental stages. The purpose of this study is to evaluate the effect of neural cells on brain
angiogenesis in 3D culture.
[Methods] Human neural stem cells (NSCs) were cultured to prepare three types of neural cells mimicking CNS developmental stages such as
NSC/NPC phase, neuron phase, and astrocyte phase. These neural cells and human brain microvascular endothelial cells (BMECs) were
cultured in microfluidic devices which have two serial gel-channels sandwiched by two media-channels. Neural cells were mixed in fibrin gel
and injected into one of the two gel-channels while BMECs were cultured in a media-channel. The process of capillary formation was
monitored by phase-contrast microscopy.
[Results & Discussion] Firstly, we confirmed differentiation of NSCs and found that three types of neural cells were successfully prepared,
which were nestin-positive NSC/NPC-phase cells, Tuj-1/MAP2-positive neuron-phase cells, and GFAP-positive astrocyte-phase cells. Next, these
neural cells were cultured with BMECs in a microfluidic device. We found that NSC/NPC-phase cells promoted capillary formation of BMECs
compared with BMEC monoculture. By contrast, neuron-phase and astrocyte-phase cells inhibited capillary formation. To further investigate the
interaction between BMECs and neural cells, mRNA expression of angiogenesis-related factors was evaluated by quantitative PCR analysis. The
results showed that NSC/NPC-phase cells expressed Wnt3a and Wnt7a, while neuron-phase and astrocyte-phase cells expressed
Semaphorin3E and Netrin1. These results suggest that angiogenesis was promoted by Wnt3a/7a, and inhibited by Semaphorin3E/Netrin1 in
our coculture model. In conclusion, this study demonstrated a coculture model of BMECs and three types of neural cells mimicking CNS
developmental stages. This model is useful for evaluating the effect of neural cells on angiogenesis.
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Effect of Matrix Substrate Composition on Neuronal Regeneration in Microporous Nerve Guidance Conduits
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Currently, treatment of peripheral nerve injury using autografts is beset by donor site morbidity and current hollow nerve guidance conduits
(NGCs) are ineffective over 20 mm (1). To address this, we are now developing the next generation of filled NGCs (2).These NGCs consist of a
tubular outer conduit containing a microporous internal matrix that will allow for enhanced Schwann cell migration and axonal regeneration. In
an effort to further enhance this matrix, this study will investigate the potential to enhance the regenerative potential of the NGC through the
incorporation of extra-cellular matrix (ECM)-derived neuroconductive macromolecules.
In this study, the ECM molecules fibronectin, laminin I and laminin II were incorporated into a previously selected matrix of collagenchondroitin sulphate. Various combinations and concentrations of these ECM macromolecules were first examined in 2D Schwann cell culture
for enhanced proliferation in order to establish optimal parameters. Following this, selected ECM combinations were incorporated into the
collagenchondroitin sulphate slurry and directionally freeze dried under controlled conditions. Effect of ECM incorporation on the porosity and
pore alignment was compared against controls using SEM and mechanical testing. Pro-regenerative effects of the 3D ECM scaffolds was
assessed using primary rat dorsal root ganglia (DRG) and Schwann cell isolates in culture for at least 14 days.
NGCs were found to be highly porous and uniform throughout. There were clear, significant increases in Schwann cell proliferation depending
on ECM combination with the highest levels of proliferation observed when all three ECM macromolecules were present. Further analysis
showed additional increases in proliferation when laminin II made up the majority (66%) of the ECM combination. 3D culture of DRGs on the
freeze-dried matrices found the most promising evidence of Schwann cell migration (up to 2600μm, day 14) observed in the 66% laminin II
group compared to growth of up to 1800μm in control samples.
These findings demonstrate the clear benfit of ECM neuroconductive macromolecule
incorporation in NGCs with future work now focusing on progression to in vivo studies.
1. Lackington et al. ACS Biomater. Sci.Eng., 2017,3(7),pp 1221–1235
2. Ryan et al. Adv Healthc Mater. 2017 Oct 4.doi:10.1002
Funded as part of the AMBER research consortium co-funded by Science Foundation Ireland and Integra Life Sciences under grant TP27
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Extracellular Topographical and Chemical Cues for Acceleration of Neuronal Development

Sunho Park，Dohyeon Lee，Woochan Kim，Daun Lee，Sungmin Park，Sujin Kim，Jangho Kim
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Neurons are also exposed to distinguishing physical and chemical environments that can greatly influence their behaviors and functions. In this
study, we proposed engineering platforms of laminin-coated matrix nanotopography that generate extracellular physical and chemical cues for
neuronal development. Using our platforms, we showed that nanotopographical and biochemical cues could provide suitable environments for
neuronal cultures. More importantly, we showed that a laminin-coated matrix nanotopography could control the orientation of neuronal
structures as well as accelerate neuronal development through synergistic effects of extracellular nanotopographical and chemical cues. Our
study imparts new design principles on the role of nanotopographical and chemical cues in neuronal development for the fabrication of
neuroprosthetic scaffolds.
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A preclinical 3D model for testing nerve guidance conduits using high throughput light-sheet microscopy

Mehri Behbehani1,2,3，Frederik Claeyssens1,2，John W Haycock1,2
The University of Sheffield，2Department of Materials Science and Engineering/Kroto Research Institute, Sheffield, S3 7HQ, UK，3mbehbehani1@sheffield.ac.uk

1

Introduction
Clinically used nerve guidance conduits (NGCs) fail to promote peripheral nerve regeneration in >3cm nerve gaps. Internal NGC scaffolds
could provide additional guidance to axons and Schwann cells (SCs) to prevent misguidance and enhance nerve regeneration success. Newly
developed NGC scaffold designs, which have seen in vivo implantation, have compared favourably to hollow conduits and autografts. However,
new designs have typically not been directly compared to previous generation NGCs, or to currently used nerve conduits. In this study, a new
3D in vitro testing model for NGCs with internal scaffolds has been developed1. Aligned polycaprolactone (PCL) microfibers were chosen as
internal NGC scaffolds. Different fibre diameters, packing densities and surface modifications were studied in this model.
Methods
Aligned PCL fibres were electrospun to 1, 5, 8, 10 and 13 µm diameters. Poly(ethylene glycol) NGCs were fabricated by
microstereolithography, fibres were inserted inside NGCs and evaluated. Samples were surface-modified with air plasma. Embryonic chick
dorsal root ganglia (DRGs) were placed on top of the fibre-filled conduits. Immunocytochemistry was performed and light-sheet microscopy
used to visualise and measure neurite and SC outgrowth from the DRG body towards the end of the 6 mm tube.
Results
All DRGs on air-plasma deposited microfibres showed axon and Schwann cell outgrowth. DRGs on non-deposited samples failed to grow out.
The minimum outgrowth over 7 days was 2 mm on surface modified 1-13 µm fibres. Fibres of 10 µm performed best with an average axon and
SC outgrowth of 2.8 and 3.2 mm respectively. The translation of the model in vivo is currently ongoing.
Discussion
This model enabled the direct comparison of different guide designs in one setup and would enable a reduction of downstream nerve injury
models. The model identified 10 µm PCL fibres as the best physical guide in NGCs among those tested here and showed the importance of air
plasma treatment when using PCL as a material in nerve regeneration. Additionally, DRGs demonstrated their effectiveness for evaluating
internal NGC scaffolds as they simulated the proximal nerve stump after nerve injury and presented a source of primary neurons and SCs.
Acknowledgements
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Fabrication of a Versatile Three-Dimensional Nerve Model
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Most human tissues require innervation for functionality and homeostasis maintenance. A three-dimensional (3D) in vitro system that integrates
a neural component alongside other tissue equivalents (e.g. muscle, pancreas, blood vessels etc.) constitutes an advance in representing the
complex milieu of an organ and can be a valuable tool to study biological interactions and test drugs. However, most current organ models
either omit or inaccurately depict native innervation. This work shows the development of a 3D platform that recapitulates a nerve
microenvironment and allows for the inclusion of other tissues, towards functional innervation. The platform is composed of a
polydimethylsiloxane support that houses a cell-seeded aligned nanofibrous scaffold encased in a fibrin hydrogel. Primary Schwann cells (SCs)
are seeded in the scaffold, developing overtime an anisotropic band-like structure, reminiscent of Büngner Bands. Within 7 days of culture, the
SCs produced nerve extracellular matrix molecules, such as laminin, fibronectin and collagen type IV. Co-cultures of 7 days with either dorsal
root ganglion neurons (DRGs) or PC12 cells resulted in extensive and anisotropic growth of neurites, significantly larger and denser than when
SCs were absent. Moreover, neurites grew through the volume of the hydrogel, out of the plane provided by the scaffold, thus resulting in a
truly 3D tissue structure. When co-culturing these cells for 28 days, myelination was observed, as demonstrated by immunostaining to myelin
markers and transmission electron microscopy. In summary, we demonstrate here foundational steps towards a nerve model, which can help
in elucidating questions regarding neural biology and act as a platform to explore the impact of tissue innervation on the development and
function of other tissues, such as vascular networks.
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Modeling human iPSCs derived neurons with peptide amphiphile supramolecular nanostructures
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Human induced pluripotent stem cells (hiPSCs)-based technologies are a promising resource for modeling and regenerating complex tissues,
including the central nervous system. Nevertheless, research models still have significant technical limitations such as inefficient maturation,
abnormal aggregation and low long-term viability of neurons, which need to be improved to more closely resemble physiological conditions. To
address this challenge, we utilize peptide amphiphiles (PAs), a class of biomaterials that have the ability to assemble into high-aspect ratio
supramolecular nanofibers capable of morphologically and chemically mimic the extracellular matrix.
In this study, a PA containing the short bioactive peptide, IKVAV, found in Laminin-1, was used to explore the impact of dynamic properties of
supramolecular assemblies on hiPSC-derived neurons maturation. To investigate this effect, three IKVAV PAs containing different intermolecular
hydrogen bonding domains were designed. Surface coatings of the three different IKVAV PAs allowed similar neuronal attachment and
improved cell survival and cell maturation compared to the commercial full-length laminin. Interestingly, the IKVAV epitope displayed on the
weak hydrogen bonding PA nanofiber induced better activation of the laminin signaling pathway observed by higher protein levels of the
laminin receptor, β-1 integrin, and the downstream effector integrin linked kinase-1. Consequently, reduced neuronal aggregation, higher
branching complexity, and increased electrical activity were achieved on the aforementioned IKVAV-PA after 2 months in vitro.
Overall, the IKVAV PA with weak hydrogen bonding could enhance long-term maturation of neuronal cultures. The reported PA platform may
provide a strategy to study various aspects of the human nervous system microenvironment, thereby helping to elucidate new pathological
mechanisms and therapeutic strategies for multiple neurological disorders.
Acknowledgments:
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Parkinson’s disease (PD) is the second most common neurodegenerative disease, affecting more than 10 million people worldwide. In order to
achieve a better understanding of PD and to develop new effective therapeutics, an important step is the creation of a reliable model of
disease pathology.
In this regard, organotypic brain slices can be a useful tool, as they combine the main advantages of in vivo studies with the excellent
experimental accessibility of in vitro models. The olfactory bulb is one of the earliest sites of pathology in PD. Therefore, cultured olfactory
bulb (OB) slices can enable researchers to understand molecular mechanisms underlying the early disease, before other parts of the brain are
affected.
The overarching goal of the project was to induce α-synuclein aggregation within the mitral/tufted cell population of olfactory bulb slices in
order to mimic pre-motor PD. To achieve this goal, slices were treated with DOPAL, a metabolite of dopamine, and iron, as both compounds
have been associated with the progression of PD.
Slices have been successfully obtained from Sprague-Dawley postnatal rats, kept alive for more than 3 weeks and culture conditions have
been optimised. The age of the donors and the culture media have a significant impact on the survival of the slices. The different cell types
composing the slices have been completely characterized using flow cytometry and immunohistochemistry.
DOPAL incubation was shown to impair viability and the structural integrity of the slices in a dose-dependent manner and an increase in the
nitrite content of the media is associated with increasing doses of DOPAL. DOPAL exposure also led to increased α-synuclein aggregation,
detected by western blotting, and combined treatment with iron exacerbated this effect.
In conclusion olfactory bulb slices were, for the first time, cultured successfully long-term. They show great promise as an innovative, easy,
accessible and simple platform for the development of new treatments for PD and raise the enticing possibility of early-stage intervention.
Acknowledgment
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Stem cell niche platforms for investigating in vitro cytotoxicity and biophysical characteristics of human NSCs
under toxic assault during development
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One out of six children are diagnosed with developmental disorder and the need of the hour is to develop in vitro platforms to screen
compounds such as environmental toxicants and pharmaceutical drugs for their potential developmental toxicity. The developing central
nervous system is highly susceptible to damage on exposure to toxicants, due to the immature blood-brain barrier. Since biochemical and
biomechanical cues play an integral role in regulating cell morphology, movement and metabolism for fetal development, there is a critical
need to develop in vitro tests focusing on biochemical and biomechanical outcomes in addition to cytotoxicity outcomes.
Here, we exposed human neural stem cells (NSCs) to a range of concentrations of different classes of compounds (pesticide and
pharmaceutical drug) for up to 36 h, and the in vitro cytotoxicity and biomechanical characteristics (using a MFP-3D-BIO AFM) were
investigated and correlated. The sub-cellular mechanisms by which toxicity was induced to NSCs by these compounds were identified. Results
suggest a concentration-dependent decrease in cell viability and time-concentration dependent compromise in NSC biophysical characteristics.
Such decrease in their elasticity suggests damage to actin cytoskeleton of NSCs, possibly leading to apoptosis. These compounds induced
changes at single-cell level suggesting need for biomechanical evaluation of cells under toxicant-aberrant conditions.
Acknowledgements: National Science Foundation (CBET-MRI), National Institute of Environmental Health Sciences (ES018022 & ES012619),
CSU Office of Sponsored Research and College of Graduate studies.
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Rett syndrome (RTT) is a X-linked neurodevelopmental disorder that affects 1 in 10,000 female. Over 95% cases of typical Rett syndrome are
caused by mutations of the X-linked methyl–CpG-binding protein protein 2 (MeCP2). Different types of mutations in MeCP2 can account for the
variability of clinical features in patients with RTT. The C-terminal (CT) truncating mutations in MeCP2 correlate with milder clinical phenotypes.
Here, we present a case of atypical form of RTT with small deletion in CT of MeCP2. The patient was diagnosed with RTT at the age of 26, the
clinical symptoms include sleep disorders characterized by non-24 hours (~7 days) sleep-awake rhythm, impulsiveness, and dystonia. DNA
sequence analysis of the patient demonstrated 5 base deletion (c.1196-1200dellCCACC,P399QfsX3) was seen within C-terminus of MECP2
gene. The resulting mutated MeCP2 protein retains the critical functional domains of MeCP2 including methyl-CpG binding domain, transrepressor domain, nuclear localization signal and the majority of WW domain. However, the mutated MeCP2 protein lacks phosphorylation site
(S421) triggered by CaMKII and psychostimulants. Upon the phosphorylation of S421 of MeCP2 protein, it trans-locates from nucleus to
cytoplasm, resulting in the expression of the target genes. Accordingly, characteristic symptoms of the patient might originate from impaired
de-repression of the target genes by MeCP2 initiated by neurotransmitters associated with the dopaminergic signal. The patient was treated
with Ghrelin and Aripiprazole. Ghrelin was proved to improve dystonia and Aripiprazole（partial agonist fro dopamine receptor D2）ameliorated
her emotional disorders and verbal communication. It is recently reported that dopamine/DRD1 signaling dependent on the Ghrelin receptor,
and MeCP2 regulates mTOR signaling. Ghrelin could exert it functions via collecting dopamine and mTOR signaling impaired by MeCP2 deficits.
Next, to explore the molecular mechanisms underlying Ghrelin and Aripiprazole treatments, the same MeCP2 mutation seen in the patient was
introduced into culture cell line (DLD1 cells) using CRISPR/CAS9 system. Unexpectedly, mutant MeCP2 protein was not expressed in the
MECP2-mutated culture cells (MeCP2Δ1196-1200 DLD1 cells), although MeCP2 mRNA level of the mutant cells was comparable to that of the
wild type DLD1 cells. Therefore, it is very important to see the MeCP2 protein expression to discuss the issue of genotype-phenotype
correlation.
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Studying the brain machine interface: developing improved in vitro models of the CNS
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Intracortical electrodes for motor control of prosthetic limbs rely on intimate contact with neural tissue for recording signals and stimulating
small populations of neurons. In vivo approaches for evaluating responses to intracortical devices are complex, prone to adverse events and
expensive. This study aimed to develop in vitro methods for evaluating cell and tissue responses to intracortical devices.
Most in vitro culture methods use simplified model cell lines, typically based on clonal neural or glioma cell lines that often yield inconsistent
or misleading results. The specific aim of this research was to compare the efficacy of two primary cell cultures for modelling biological
responses to materials. The two culture approaches were (a) a dissociated mixed myelinating cell culture (DMMC) derived from fetal mouse
spinal cord cultured alone and (b) a co-culture using the same culture with a supporting layer of primary mixed glial cell (MGC) from neonatal
mouse cortex. Cell responses to glass, platinum and poly(ethylene dioxythiophene) doped with paratoluene sulphate (PEDOT/pTS) for up to
21 days were evaluated. Responses to materials were assessed by immunocytochemistry using GFAP for astrocytes, Iba1 for microglia, PLP for
myelin and H-NF for mature neurons.
While both cultures showed material specific differences in cell reactions after 14 days, the DMMC cultures were not reliable due to poor
adhesion and survival on non-glass materials. The co-culture had improved adhesion; discrete material responses; cell attachment and cell
survival over 21 days on all materials. Comparison of the different material types using the co-culture showed that glass was the least reactive
followed by platinum, and then PEDOT/pTS as the most reactive. A key finding for both cultures was that simply measuring GFAP alone was
not a robust approach to evaluating material differences. Measuring changes in myelination, loss of neurofilament combined with GFAP was a
better predictor of material reaction.
The use of primary cell cultures provided clear differences in cell-material interactions when features of multiple cells were analysed.
Comparatively the co-culture was a more robust tool for evaluating material responses than the DMMC alone. However, it was difficult to
repeat as it required two primary cell populations from different tissues and took up to 63 days. Future work will focus on the simplifying the
co-culture approach and determining improved assessment paradigms
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A protein-engineered, cell-responsive material for peripheral nerve regeneration
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Peripheral nerve injury (PNI) is a debilitating condition resulting in chronic or permanent loss of sensory and/or motor function in a localized
area of the body. The current clinical gold standard for PNI is the autograft, and while this method has been successful, its drawbacks include
donor-site morbidity, limited tissue supply, and a second surgery. An alternative clinical therapy is the decellularized nerve graft. Decellularized
grafts maintain some of the native biochemical and biomechanical cues associated with autografts; however, they rely on a limited supply of
cadaveric donor tissue, have batch-to-batch variability, and are not easily produced in high quantities. To address these limitations, we propose
the use of a recombinantly synthesized, tunable material for use as an engineered nerve guidance conduit (eNGC). These materials mimic key
biochemical and biomechanical cues of the native neuronal matrix to enhance neurite outgrowth while being reproducible and scalable for
efficient manufacturing.
Leveraging protein engineering, we have developed a series of elastin-like proteins (ELPs) with built-in cell-binding ligands derived from
naturally occurring extracellular matrix proteins. This library of ELPs is modular in design and allows for exact control over ligand density. The
ELPs can be non-cytoxically crosslinked to form matrices with a range of stiffness (shear modulus, G' ~ 100 - 20,000 Pa). Importantly, the cellbinding ligand concentration and matrix stiffness are both independently tuned, making ELP matrices amenable to combinatorial studies. We
have developed a casting method that allows for the fabrication of a core-shell eNGC made completely from recombinant ELP. Utilizing ELP, we
can tune both the outer shell and inner core separately to fulfill different functionalities. Based on in vitro neuronal studies in ELP matrices, the
inner core matrix has been designed to be more compliant (shear modulus ~300 Pa) and to contain the fibronectin-derived RGDS cell-binding
ligand to promote neurite outgrowth. Conversely, the outer shell has been designed to be stiffer (shear modulus ~15 kPa) and to contain a
non-cell-adhesive ELP variant to provide mechanical guidance to the regenerating nerve stump. We have successfully implanted our eNGC into
the site of a 15-mm sciatic nerve injury in a rat model. Taken together, our platform represents a fully-synthetic, biomimetic potential
alternative to current therapies for peripheral nerve injury.
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Development of heparin-conjugated ECM fibers for peripheral nerve regeneration across a long gap with
controlled neurites outgrowth
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Autograft, the transplantation of own healthy nerve tissue resected from the patient, is a standard treatment for a long peripheral nerve defect.
However, autografting has disadvantages such as limited nerve donor supply and possible neuroma formation at the implanted site. In recent
years, the nerve guidance conduit has been developed based on tissue engineering as an alternative method for peripheral nerve tissue repairs.
Several studies reported that the nerve guidance conduit with aligned fibers, which has biocompatibility and biodegradability, promoted the
nerve regeneration, although it was inferior to autografting. We focused on extracellular matrix (ECM) as a scaffold material of nerve guidance
conduit. Heparan sulfate is one of ECM components and has a high affinity for the growth factors (e.g. basic fibroblast growth factor (bFGF))
and axon guidance molecules (e.g. netrin), and the immobilized functional molecules induce neurites. The goal of this study is the creation of
the nerve guidance conduit which is equivalent to autografting by using heparan sulfate as its component.
We developed heparin-conjugated extracellular matrix (Hep-gela/Hep-col) by conjugating heparin, which is a heparan sulfate-like molecule, to
gelatin/collagen using chemical cross-linkers. It could immobilize bFGF at a high efficiency. And, we fabricated electrospun fibers blending poly
( ε -caprolactone) (PCL) and Hep-gela, which have high mechanical strength and biodegradability. The fibers had diameters of submicron-order
and were suggested to have growth factor immobilizability. On the other hand, we fabricated PCL/Gelatin fibers with various compositions and
evaluated cell adhesion of neural model cells (PC12). The cells adhesion activity on almost same sized-fiber sheet increased with
hydrophobicity. Then, we aligned the fibers using a rotating disk collector. The fabricated fibers had orientation degree depending on the
rotary speed of the collector. Besides, we succeeded in the construction of cell culture system with aligned PCL/Hep-gela fibers, where in situ
observation of neural cells is possible.
Based on the above results, aligned PCL/Hep-gela fibers are expected to have growth factor immobilizability and to provide an ideal
environment of neural cells as a scaffold. Therefore, it will be a promising scaffold to promote nerve regeneration with controlled the neurites
outgrowth.
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The development of injectable beta-peptide hydrogels with human amnion epithelial cells (hAECs) for the
treatment of ischaemic stroke
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Ischaemic stroke is a leading cause of death and disability worldwide, caused by the sudden blockage of blood supply to the brain that results
in neuronal cell death and loss of neurological functions. Current treatments focus on restoring blood flow to the damaged areas but they are
only effective within several hours of stroke onset and only aim to stop the progression of the disease. Hence, there is a distinct lack of
therapies that are capable of regenerating the stroke infarct to restore lost function and reduce disability. To address this, we propose a
biomaterial-based tissue engineering approach that combines the regenerative ability of stem cells with self-assembling peptide hydrogels as a
delivery and encapsulation mechanism.
Briefly, we have developed a novel beta-peptide hydrogel containing cell adhesion motifs that displays shear thinning behaviour, rapid selfassembly and recovery. The molecular basis of gelation is the head-to-tail self-assembly of these peptides into nanorods, which then further
assemble into nanofibers via hydrophobic interactions of an alkyl chain. Human amnion epithelial cells (hAECs), shown to possess regenerative
and anti-inflammatory properties, have been successfully cultured and grown within the gel. This hydrogel-hAECs mixture is able to be injected
with high viabilities and gelate in situ to form a biocompatible encapsulating 3D matrix akin to that of brain tissue. Current studies focus on
assessing the in vivo responses to the hydrogel and cells using a photothrombotic cortical lesion mouse model of stroke, and their therapeutic
outcomes via functional sensorimotor testing. We hypothesise that the gel will be protective of the hAECs against the harsh inflammatory
environment within the infarct, leading to greater therapeutic effect and a promising step towards a regenerative treatment for stroke.
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Different Brain Tissue Decellularization Procedures Result in Similar Cell Elimination and Extracellular Scaffold
Preservation

Isaac Almendros1,2,3，Noelia Campillo1，Oihana Aranburu1，Bryan Falcones1,2，Jordi Otero1,2，Daniel Navajas1,2,4，Ramon Farre1,2,3
1
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Science and Technology

BACKGROUND: Whereas research in decellularized scaffolds as platforms for tissue engineering and regenerative medicine has been mainly
focused on organs such as lungs, heart or kidney, the data currently available on brain decellularization is scarce. Reducing this knowledge gap
is of particular interest given the high prevalence of neuro-degenerative diseases. For instance, to interpret the recent finding that brain tissue in
Alzheimer disease is considerably softer that in normal controls (1). AIM: To get insight into brain decellularization, we tested 4
decellularization protocols in terms of remaining cells and extracellular matrix components. METHODS: 9 male Wistar rat brains rats were
isolated, cut into 2 mm-thick coronal sections and subsequently decellularized using 4 protocols adapted from previously described
procedures for mice and porcine brain decellularization (2,3). Sections from native and decellularized brains were included in OCT and cut into
30 µm slices and were stained with Alcian blue for glycosaminoglycans (GAGs), immunostained for laminin content and labelled with NucBlue®
to visualize remaining DNA fragments. Bright field and epifluorescence images were acquired and processed by ImageJ following a blind
procedure. Data were analyzed by one-way ANOVA. RESULTS: The four protocols yielded acellular brain scaffolds with approximately 95%
reductions in DNA content (p < 0.001) as compared with native tissue, with no significant differences among protocols. GAGs content was
virtually unaltered regarless of the decellularization procedure. Laminin content was reduced to values ranging 50-70% when compared to
native tissue. CONCLUSION: Similar results were obtained with different variants of brain decellularization process.
References:
(1) Menal et al. Frontiers in Neurobiology; 2018, in press (doi: 10.3389/fneur.2018.00001).
(2) Baiguera et al., Biomaterials 2014; 35: 1205-14.
(3) Zhu T et al., Brain Res Bul; 2015; 113: 48-57.
Acknowledgements: Partially supported by Fundació Marató TV3 (Catalonia, Spain) and SEPAR.
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Bioinspired Sticky Protein-based Nanofibous Conduit Scaffold for Accelerated Nerve Regeneration
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Treating traumatic nerve injury requires immediate and effective nerve grafting due to limited regeneration capacity of nerve tissue. Currently,
autograft is widely used for nerve grafting, but the demand for safe, ready-made, cost effective, and biodegradable polymer-based nerve
conduits are gradually increasing. However, conventional synthetic polymer-based nerve conduits have not been able to achieve comparable
nerve regeneration prognosis to the autograft due to incomplete functional regeneration. Thus, taking advantage of bioinspired natural polymer
and biomimetic topologies are promising strategies for nerve conduit developments. As a bioinspired natural polymer from marine mussel,
bioengineered mussel adhesive protein fused with IKVAV peptide (MAP-I) was designed as a conduit material that can accelerate nerve
regeneration. Mussel adhesive protein (MAP) can effectively contribute to cell adhesion and proliferation through its exceptional adhesive
property and IKVAV peptide takes part in integrin-mediated interaction with neural and Schwann cells on their differentiation and neurite
formation. To promote contact guidance of neural and Schwann cells, electrospun aligned nanofiber of MAP-I was fabricated so that the
topology of nerve conduit enhances differentiation and guided nerve regeneration. The combination of adhesiveness by MAP, integrin-mediated
interaction by IKVAV, and contact guidance by aligned nanofibers were expected to synergistically benefit functional nerve regeneration.
Herein, MAP-I aligned nanofibrous conduit was intensively investigated in vitro and in vivo.
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Identification of Endogenous Neural Crest Stem Cells in the Human Adult Peripheral Nerve and Their Role in
Regulating Tissue Homeostasis
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The presence of endogenous neural crest stem cells (NCSCs) residing in the adult peripheral nerve and their niche and role in regulating
homeostasis were not determined. We tries to identify endogenous adult NCSCs in the human peripheral nerve and to determine the
homeostatic roles of NCSCs in regulating homeostatic processes by the use of niche preserving 3D organ culture system. In addition, to confirm
the in vivo neural regeneration ability of the isolated NCSCs, they were transplanted into the animal spinal cord injury model.
Up to now, we confirmed the existence of NCSCs in adult sciatic nerve and they were successfully isolated from nerve tissues. NCSCs
isolated by niche-preserving organ culture of peripheral nerve, showed robust clonogenic potential, uniformly expressed neural crest-specific
markers, and had the ability to differentiate into multiple mesodermal and neuroglial lineage cells in vitro. NCSCs were able to secrete
neurotrophic, neuroprotective, and anti-inflammatory factors, all of which led to promoting cell growth, neurite outgrowth, and synaptogenesis,
but inhibiting ROS-induced cell death and inflammatory response in vitro. Through transplantation on spinal injury model, NCSCs promoted
functional and electrophysiologic recovery of spinal cord injured rats. Transplanted NCSCs were differentiated into neuroglial lineage cells and
increased remyelination.
In conclusion, we have confirmed the existence of endogenous NSCSs in adult nerve tissue and their neural regenerative ability. Additionally
we are now in the progress of investigating the niche of the NCSCs in the adult nerve tissue. These results may provide the new perspectives
of the intrinsic homeostatic mechanism in the adult peripheral nerve and regenerative strategies.
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Development of acellular allogeneic nerve grafts for peripheral nerve reconstruction
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Severe peripheral nerve injuries, characterised by nerve gap defects greater than 2 cm, are currently repaired using autografts or synthetic
conduits to bridge the gap. However, such techniques have a limited efficacy and functional recovery is seldom achieved. We hypothesise that
an acellular nerve graft will support axon regeneration across a defect within a native microenvironment. The aim of the project was to
develop a physically compatible, non-immunogenic nerve graft to support axon regeneration.
Human femoral nerves were decellularised using a combination of hypotonic buffers, low concentration sodium dodecyl sulphate (0.1%) and
nuclease enzymes, cell removal was confirmed by H&E and DAPI staining and DNA quantification which indicated a reduction in DNA from
346.2 ± 53.8 to 30.5 ± 7.4 ng.mg-1. Histological staining demonstrated acellular nerves to have retained a native architecture and specific ECM
components, including collagen type 4, laminin and fibronectin were preserved. Biochemical analyses indicated that collagen and fat content
were unaffected by decellularisation, but glycosaminoglycan (GAG) content was significantly reduced from 2.2 ± 0.4 to 0.7 ± 0.3 µg.mg-1.
Acellular nerve segments (~2 cm, n=6) were seeded with primary rat dorsal root ganglia (DRG) neurons. Cell viability was assessed using Live/
Dead staining, and neurite extension visualised using immunocytochemistry. Neurons cultured on an acellular nerve scaffold remained viable,
and progressive neurite extension was observed.
A decellularised human femoral nerve was developed, and we have demonstrated it to be biocompatible, capable of supporting viable
neurons and promoting neurite extension. We hypothesise that the retention of native histioarchitecture and endoneurial structures, which are
essential for providing topographic guidance for axon extension, may have supported neurite extension. In addition, acellular nerves retained
specific basal lamina components, including collagen type 4 and laminin, which are important for regulating cellular adhesion and growth and
promoting Schwann cell-axon interactions, and this may have also facilitated neurite extension in vitro. The presence of GAGs, including
Chondroitin sulphate, is thought to inhibit axon regeneration. Therefore, the reduction of GAGs may also be beneficial for promoting neurite
growth. The results indicate acellular human nerves may have clinical potential to promote axon regeneration across a defect.
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Extracorporeal Shock Wave Therapy Improves Motor Function after Spinal Cord Injury
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Extracorporeal shockwave therapy (ESWT) has proven to be effective for various diseases in different tissues including the peripheral as well as
the central nervous system.
This study aims to investigate the therapeutic potential of ESWT after spinal cord injury in rats, using an electrohydraulic device (MTS
Orthogold 100). The clinically relevant functional outcome was assessed by gait analysis. Effects and underlying mechanisms of ESWT were
evaluated using microRNA screening to reveal details about the pathophysiology of the trauma itself and changes in expression after treatment.
While motor function in the control group is partially restored, animals treated with ESWT show significantly higher improvement of motorfunction in both the sub-acute and chronic phases of application. Screening of 187 different miRNAs in serum samples before and after
shockwave treatment revealed that several neuroprotective and anti-inflammatory miRNAs were significantly upregulated upon treatment.
The clinically most relevant time point for therapeutic intervention is believed to be the sub-acute and chronic phase after spinal cord injury, in
which secondary pathophysiological processes take place and manifest. While functional outcomes show promising results, more objective
methods such as Catwalk© gait analysis are necessary to confirm our observations. Recent basic research studies have enabled a better
understanding of underlying mechanisms of shockwave therapy. However, our findings in regards to miRNA expression further contribute to
revealing the diverse effects of ESWT.
In regard to our promising results, we are optimistic that low-energy ESWT offers a potent and non-invasive tool in contributing to treatment of
SCI.

a91680

01-P509

Peptide-grafted Gellan Gum hydrogels combined with Cellular Therapy for the Regeneration of Cervical and
Lumbar Spinal Cord Injuries
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Spinal Cord Injury (SCI) is a highly incapacitating condition for which there is still no cure. Combined therapies capable of targeting various
aspects of the disease could be the only solution to achieve relevant functional improvements for SCI patients. Cellular transplantation is a
promising approach due to the therapeutic potential of cells such as Adipose tissue-derived Stem Cells (ASCs) or Olfactory Ensheathing Cells
(OECs). Both are accessible sources and present positive paracrine and cell-to-cell interactions, previously reported by our group [1].
Additionally, biomaterials such as hydrogels have been applied in SCI repair with promising results. Therefore, in this work, a Gellan Gum-based
hydrogel modified with a GRGDS peptide (GG-GRGDS), together with ASCs and OECs was used as a therapeutic strategy for different rat
models of SCI. Initial in vitro experiments demonstrated that ASCs and OECs could be co-cultured within GG-GRGDS hydrogels and promoted a
more robust neurite outgrowth of Dorsal Root Ganglia explants, when compared to controls. Then, in a in vivo L1 hemisection injury model,
only rats treated with GG-GRGDS and cells presented significant motor improvements in the BBB locomotor scale, in comparison to untreated
controls and hydrogel alone-treated rats. A higher number of neurofilament positive cells and less CD11b and GFAP cells was observed,
indicating that the combined therapy might have induced axonal preservation/regeneration, associated with decreased infiltration of
inflammatory cells and astrocytes. Despite these promising results, cervical SCI has more drastic consequences for the patients, such as
respiratory compromise. Moreover, it represents more than half of the SCI cases worldwide. Using a cervical rat model of injury (C2
hemisection), the same combinatorial treatment strategy was evaluated. Five weeks after lesion, spontaneous activity of the affected
hemidiaphragm was evaluated through electromyograms (EMGs) of dorsal, medial and ventral portions. All treatments increased significantly
the EMG signal at the ventral portion in comparison to the untreated control, but importantly only the combinatorial group presented
increased EMG signal at the medial portion of the hemidiaphragm. In summary, the combination of functionalized hydrogels with different
cellular populations (ASCs and OECs) led to significant functional benefits in two distinct models of SCI, highlighting the therapeutic potential of
this approach.
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Directed Differentiation of Mouse Embryonic Stem Cells to V1 Interneurons
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Spinal Cord Injury (SCI) is a debilitating condition that can result in significant loss of motor function and reduction in the quality of life for
approximately 250,000 to 500,000 people worldwide every year. Therapeutic options are limited due to the inhibitory scar environment and
the downstream complexity of the neural networks that control motor function. Repetitive motor tasks, such as walking, are thought to be
controlled by neural circuits known as central pattern generators (CPGs). However, for many years, study of the mechanisms underlying CPGs
has been restricted to ablation of broad cell populations or lineage tracing techniques. Recent research has demonstrated the lack of precision
in those methods, as they are often non-specific to the spinal cord or, in some cases, the desired cell type and are sometimes lethal in the case
of cell types required for other key functions (e.g. breathing). A major barrier to understanding the composition of the interneurons (INs)
involved in these circuits is acquiring significant cell quantities for study. Recently, our laboratory has established methods for producing
purified populations of spinal neurons by inducing mouse embryonic stem cells (mESCs) into motoneurons, V3 INs, and V2a INs. Unfortunately,
there exists no robust method to produce inhibitory IN populations, such as V1 INs, which will be vital to modeling healthy neuronal circuitry in
vitro. We developed a differentiation protocol for V1 INs by varying concentrations of a sonic hedgehog agonist and retinoic acid, to specify
ventral and caudal (spinal) identity, respectively. The effect of morphogen concentration was evaluated by measuring the expression of the
definitive marker for V1 INs, Engrailed 1 (En1), and a cranial neuronal marker, Otx2. Here we demonstrate that low nanomolar levels of sonic
hedgehog signaling, through smoothened agonist, are optimal to specify our desired ventral neuron identity. Additionally, a range of
concentrations of retinoic acid was identified as sufficient to promote spinal (caudal) identity (little to no Otx2 expression). With this protocol
developed, our future studies involve the production of a V1 IN selectable mESC line that could be a tool for both in vitro analysis, as well as
SCI models.
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Development of a new mouse model of short bowel syndrome that may allow for the assessment of therapeutic
efficacy of heterotopic transplantation of small intestinal organoids
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Short bowel syndrome (SBS), a malabsorptive state that results mostly from surgical resection of the small intestine, can lead to intestinal
failure in its severe form. Although the intestinal organoid transplantation is an emerging area of research, treatment of severe SBS patients with
this approach remains challenging. In this study, we first aimed to develop a new mouse model of ileocecal resection (ICR) that shows clinical
manifestations as seen in human SBS patients with extensive ICR. We also examined in this study whether transplantation of small intestinal
epithelial organoids to the proximal colon is technically feasible in mice.
We found that mice, in which 75% distal small intestine was resected (75% ICR), showed severe clinical signs, such as weight loss and
diarrhea, and resulted in higher mortality. Histological examination revealed that mice that underwent 75% ICR showed structural adaptive
reactions characterized by villus elongation and crypt deepening. However, Cubn mRNA and its protein product, which play an essential role in
vitamin B12 absorption in the ileum, were not compensatory up-regulated in any part of the remnant intestine. The lack of post-operative
CUBN induction led to significant decrease in serum vitamin B12 in mice that underwent 75% ICR. Meanwhile, as a result of optimization of the
conditions, we developed a new method to strip the epithelium away by perfusion of a chelating agent in a proximal colon segment. In
addition, we found that, when small intestinal organoids were derived from EGFP transgenic mice and transplanted, these EGFP+ cells were
able to engraft such surgically manipulated colons, maintaining their identity of the small intestinal epithelium.
In conclusion, we have shown a new mouse model of massive ICR characterized by severe clinical manifestations. We have also
demonstrated that a part of the mouse colonic epithelium can be replaced with the small intestinal one by organoid transplantation. The use of
this 75% ICR model has the advantage that functional loss of the distal intestine and its restoration by various therapies could be assessed
quantitatively by measuring serum levels of vitamin B12. Thus, the combinatory use of these two mouse models could address the
compensatory functions of heterotopically grafted small intestinal organoids in the colon, which will form a basis of heterotopic small intestinal
organoid transplantation as a novel option of regenerative medicine for SBS patients.
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In-vivo maturation of a decellularized porcine esophagus
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For carcinologic reasons and due to a lack of elasticity of the organ to permit an anastomosis without tension, surgical resection of the
esophagus needs the sacrifice of a long portion of the organ. Its replacement by gastric or colonic transplant could be avoided by short
biologic scaffolds composed of decellularized matrix (DM) (1). After developing a biologically and mechanically characterized DM obtained by
an optimized process of porcine esophagus decellurization (to be published), we investigated the ability of this DM to be revitalized over time
using an in-vivo bioreactor. Regarding the literature, the omentum and the peritoneal wall are good candidates already used for different
tissues/organs. The objective of this work was to determine the best maturation location and duration in order to obtain an optimized
vascularization/remodeling balance. The ultimate goal is to improve the clinical outcomes after implantation of the DM as an esophagus
tubular substitute.
Six pigs received a 2-5 cm long DM in the omentum and the peritoneal wall during 14 (n=3), 21 (n=3) or 28 (n=3 in omentum only) days in
authorized facilities. The omentum was wrapped around the DM in several whorls whereas the DM was simply sutured in the host tissue in the
other condition. Histological analysis was performed after paraffin embedding and Hemalun-Eosine-Safron staining.
The first results indicated a centripetal cell infiltration significant of inflammatory reaction at 14 and 21 days decreasing at 28 days postimplantation. It was associated with the development of vascularization and fibrosis of the muscular tissue. Twenty-eight days maturation was
leading to an heavy fibrotic remodeling of the DM incompatible with the willingness to transpose a DM with a tissue structure as close as
possible to a native esophagus. Fourteen days of maturation was long enough to obtain a vascularized DM with preservation of the tissue. The
inflammatory reaction and vascularization were superior in the omentum in comparison to the peritoneal wall.
Regarding these preliminary data, the authors concluded that 14 days omental maturation would be the best condition initiating revitalization
of the DM before esophageal replacement. Thereafter, the authors will transpose the DM in pigs respecting this protocol and they will study
the histological and clinical outcomes.
References: 1. Luc G, Durand M, Collet, Guillemot F, Bordenave L. Expert Rev. Med Devices, 2014 ; 11(2) 225-241
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The prevention of anastomosis leakage by transplantation of autologous adipose-derived stromal cell sheets
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1
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BACKGROUND: Although perioperative care and surgical techniques have improved, anastomotic leakage remains a feared and serious
complication of intestinal surgery. Adipose-derived stem cells (ASCs) are capable of multiple differentiation pathways, imparting
immunomodulatory effects, and secreting factors that are important for wound healing. These characteristics can be exploited to decrease the
incidence of anastomotic leakage.
METHODS: In order to delay local wound healing at the anastomotic site, we induced ischemia in a portion of porcine small intestine by
ligating vessels. Then, we injected mitomycin C into the serosa of the small intestine above the ligated vessels. Anastomotic sites were created
by 2 cm incisions made in the opposite mesenteric area. ASCs were isolated from subcutaneous fat of pigs and expanded under a culture
condition. ASCs were trypsinized and seeded on temperature-responsive dishes and cultured to form confluent sheets. Three ASC sheets were
transplanted onto the serous membrane after suturing. The extent of anastomotic wound healing was evaluated by bursting pressure,
hydroxyproline content, and mRNA expression of collagen-1 alpha1 and collagen-3 alpha1.
RESULTS: We found that transplantation of ASC sheets increased anastomotic site bursting pressure. Additionally, transplantation of ASC
sheets increased the hydroxyproline content of the anastomoses. Furthermore, transplantation of ASC sheets increased mRNA expression of
collagen-1 alpha1 and collagen-3 alpha1.
CONCLUSIONS: Our findings showed that transplantation of autologous ASC sheets enhanced collagen synthesis and anastomotic strength.
Further studies are necessary to identify substances that, in combination with ASC sheets, might enhance collagen synthesis and healing in
sites of anastomosis.
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Microfabrication of 3D Model of Small Intestine Epithelium Using Photolithography
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Recent advances in tissue engineering have enabled the development of 3D models that better recapitulate the small intestine architecture,
mostly based on laborious sequential micromolding. However, despite their great potential, cell culture systems that faithfully biomimic the
tissue topographies are not routinely implemented. The main limitation is the difficulty in microfabricating soft materials with complex 3D
geometries, high aspect ratio and curvature such as intestinal villi, using efficient and simple technology. In this work we take advantage of
photolithography, a mold-less technology, to fabricate hydrogel-based scaffolds with the anatomic 3D dimensions and curvature of the small
intestinal epithelium. We can modify the dimensions of the villi-like structures just by controlling the reaction-diffusion process dynamics. Also,
this fabrication process can be easily adapted for the fabrication of hydrogels directly onto permeable membranes, enabling their assembly
into cell culture inserts. To this end we use poly(ethylene) glycol diacrylate (PEGDA) co-polymerized with acrylic acid and further functionalized
with basement membrane proteins such as collagen. We can fine-tune the ligand density through the amount of carboxylic acid groups, while
preserving the soft mechanical properties of the scaffold. Caco-2 cells were seeded on the 3D villi-like scaffolds and formed monolayers of
differentiated enterocytes with proper barrier properties. Through these results, this microfabrication technology for 3D cell culture raises up as
a versatile tool to faithfully replicate microscale topographies in soft hydrogels that does not require molding and demolding steps. It also
offers a potential broad applicability for other tissue microstructures found in the esophagus, stomach or colon.
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Anti-fibrotic efficacy of gelatin sheet containing triamcinolone acetonide
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[Background]
There are many situations which fibrosis plays a bad role, and esophageal stricture formation after endoscopic treatment for superficial
esophageal cancer is a very challenging complication to treat. Therapeutic efficacy of triamcinolone acetonide (TA) injection into treatment
ulcer base is reported, although its effect is limited.
Based on these properties, we hypothesized that local administration of TA with a drug delivery system may affect the TA efficacy. The
objective of this study is to examine the therapeutic efficacy of TA released from a gelatin sheet which has been used to confirm its efficacy in
tissue engineering.
[Materials and Methods]
To prepare a gelatin sheet containing TA (TA sheet), 500mg gelatin was dissolved in 6ml double distilled water and 20mg TA was suspended.
These were freeze-dried for 72 hr.
30 mice were prepared, and two skin defects were made on the back. Gelatin-sheet with/without TA was attached to the defect for 15 mice.
15 days after attaching gelatin-sheet, mice were sacrificed and macro findings and histopathology were analyzed. To certain the efficacy of
biomaterial, TA sheet versus TA injection experiment on the skin defects have done as well for another 15 mice.
[Key Results]
Wound area / original skin defect (%) of TA sheet (26.9±5.5) was significantly larger than that of control sheet (10.7±2.6, p=0.022).
Evaluation for myofibroblast infiltration, α-SMA positive area / whole area(%) of TA sheet (4.65±0.66) was lower than that of control sheet
(7.24±0.70 , p=0.023), and
of TA sheet against TA injection was significantly lower as well (5.32±0.45, 7.75±0.71, p=0.016, respectively).
[Conclusions & Inferences]
The efficacy of TA sheet to prevent fibrosis have proved through the animal experiments. The TA sheet is promising to clinically treat fibrosis
associated with dysfunction of esophageal stricture after endoscopic therapy.
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A 3D printed in vitro small intestine model

Laura Elomaa，Marie Weinhart
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Introduction
Use of animal models in studies of pathogen-host interactions can be reduced by developing in vitro small intestine tissue models. However,
current intestinal models often lack physical intestinal 3D features, especially a villi structure that is needed for absorption and a barrier
function. As 3D printing enables complex geometries, it is a great technique to fabricate tissue scaffolds with fine 3D features. We developed
an intestinal tissue model by 3D printing scaffolds mimicking the villi structure and seeded fibroblasts as confluent sheets around the scaffolds.
To form an epithelium, we cultured epithelial cells on the lumen of the scaffolds. These cell-containing tissue models will be further matured
into multilayered tissue constructs in a dynamic bioreactor.
Results
Tubular tissue scaffolds were successfully 3D printed by stereolithography to have a lumen side consisting of villi-mimicking spikes. To obtain
a multicellular tissue model, epithelial Caco-2 cells were seeded on the lumen side of the scaffolds and human-derived fibroblasts were placed
around the scaffolds as cell sheets. The spikes increased the surface area of the lumen and provided the seeded epithelial cells with guidance
and mechanical support. Epithelial cells formed a confluent cell layer along the 3D spikes, showing increased enzyme activity, formation of tight
junctions, and formation of a microvilli structure, all indicating the differentiation of the cells into enterocyte-like cells. The fibroblast sheets
were obtained from a thermoresponsive polyglycidyl ether surface after 24 h of cell culturing. The placement of fibroblast sheets resulted in a
high initial density of cells on the scaffold surface, and the later distribution of fibroblasts indicated their proliferation and migration within the
scaffolds.
Conclusions
Use of SLA enabled high-resolution 3D printing of tubular scaffolds mimicking a native small intestine. Fibroblast sheets were successfully
placed around the scaffolds, while epithelial cells were cultured along the lumen side of the scaffolds. To achieve a matured in vitro tissue
model, the cell-containing scaffolds will be further cultured in a dynamic bioreactor in physiologically relevant conditions.
Acknowledgements
The authors thank Dahlem Research School (Freie Universität Berlin), Walter Ahlström Foundation, the FUB Focus Area Nanoscale, and BMBF
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A novel colon regeneration method: omentum as an in vivo bioreactor
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Introduction: Total or segmental colectomy is the treatment of choice for different diseases including colorectal carcinomas or inflammatory
bowel diseases. In this surgical procedure, large intestine is excised from body and an ileal pouch is reconstructed to work as a reservoir and
then anastomosed to rectum. Many complications threaten this procedure including pouchitis or even dysplasia.
In search for a naturally derived scaffold, this study uses rats’ decellularized large intestine scaffolds and omentum as a natural bioreactor for
their recellularization.
Materials and methods: A number of 6 rat colons were decellularized by detergent based method for 24 hours. The decellularized scaffolds
underwent DNA quantification test and histological studies to reassure a legitimate acellular scaffold. Then, decellularized tissues were
implanted into abdominal cavity wrapped in omentum. Implanted tissues were extracted at 2 months, 3 months, 6 months and 12 months.
Tissues were studied by H&E and IHC markers including Anti CK8 for detection of epithelial cells, Vimentin, Desmin and SMA for detection of
smooth muscle cells and CD31 and CD34 for detection of hematopoietic stem cells.
Result: DNA quantification test revealed a significant decrease in presence of DNA (i.e: cellularity) as compared to native tissue, based on
results of spectrophotometric measures. Histological studies showed an intact extracellular structure with less than 5% cellularity. Extracted
implants after 2 and 3 months showed high cellularity and angiogenesis with low cellular differentiation.
Conclusion: The promising results of this study suggest that due to high vascular density of omentum and its unique regenerative
characteristics, it can be quite effective in recellularization of scaffolds, however, there might be need for further studies to evaluate functional
capacity of recellularized scaffolds.

255

a93065

01-P518
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Standard-of-care therapies for peripheral arterial disease are currently mostly unsatisfactory for patients, and clinical use of vascular endothelial
growth factor-165 (VEGF165) is hindered by unwanted side effects. One alternate strategy focuses on harnessing the pro-angiogenic effects of
endogenously produced growth factors such as VEGF165. Discrete heparan sulfate (HS) glycosaminoglycan variants with increased affinity for
VEGF165 have previously been reported. Such affinity-isolated HS variants can be purified and are gaining momentum as devices to replenish HS
pools that are rapidly depleted at sites of trauma and disease. Here, we show that when coupled to affinity-isolated HS (termed HS7), VEGF165
is stable at physiological temperature, resistant to plasmin and able to strongly potentiate VEGF receptor-2 and ERK1/2 pro-angiogenic signals
over prolonged periods. Interestingly, HS7 does not affect Toll-like receptor 4 signalling, a mediator of inflammatory events underlying vascular
pathology. When HS7 (30 µg) was administered daily over a 1-week period as an injectable into sites of surgically-induced vessel ischemia in
the hindlimb of C57BL6 mice, improved blood flow and increased numbers of vWF+vevessels could be detected by MRI, laser Doppler imaging
and immunohistology after 1-week post-surgery. After a further two-week recovery period (post-HS7 treatment), hindlimb blood volume was
restored two- to four-fold faster compared to the saline group. Notably, full hindlimb function was restored in 17% of HS7-treated animals after
1 week of HS7 administration, and this number increased to 100% after a further two weeks of recovery (post-HS7 treatment); in control
animals, only 38% displayed full functional recovery. These results highlight the clinical potential of purified glycosaminoglycans that harness
the activity of endogenous pro-healing factors generated at injury sites.
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adipose tissue  

Ying-Chieh Chen1，Chia-Hui Chuang2
Department of Materials Science and Engineering, National Tsing-Hua University,Taiwan，2Department of Applied Science, National Tsing-Hua University, Hsinchu 30013, Taiwan

1

Timely tissue vascularization and integration to the patient in engineered tissues play important roles in the success of translation of
engineered tissues into clinically relevant therapies. To decrease the time needed to vascularize an engineered adipose tissue, suitable local
microenvironments provided by hydrogels to support cell-based formation of three-dimensional perfused and functional vascular networks
have been investigated. However, the role of altering architecture, composition and stiffness of biomaterials in functional vascular network
formation in vivo remains unclear and keeps controversial. Here, we used injectable collagen hydrogels through physical and chemical
crosslinking methods that are capable of independently controlling architecture, concentration and stiffness of collagen hydrogels, and then
demonstrated how these parameters control the vascular network formation and further engineer vascularized adipose tissue in vivo. How
physicochemical properties of cell-laden collagen hydrogels influence the extent of perfused functional lumen within implanted constructs were
demonstrated. Finally, we successfully engineered the vascularized white adipose tissue construct (~877.6 adipocytes/mm2; 94 % of area of a
construct) by controlling the cross-linked microstructure of cell-laden hydrogel. These results indicate that the manipulating polymerized
microstructure of hydrogel could be used to modulate the extent of vascular network formation and the regenerative capacity of adipose tissue
in vivo.
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Photo-click Gelatin-Norbornene Hydrogels for Tissue Vascularisation  
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Vascularisation is essential to promote viability of the engineered large tissue constructs due to the need of continuous oxygen and nutrient
supply. Therefore, biomaterials able to promote formation and maturation of vessels in vitro are highly required. The aim of this study is to
evaluate the vasculogenesis potential of a photo-polymerisable thiol-ene gelatin based hydrogel.
Gelatin (10wt%) was reacted with carbic anhydride (20wt%), at 50˚C for 24h with pH kept in the range of 7.5 – 8 to produce gelatinnorbornene (gelNOR) macromers1. 5wt% GelNOR hydrogels were photo-polymerised (400-450nm, 30mW/cm2, 3min, 1/10mM Ru/SPS) with
dithiothreitol (DTT). The physico-mechanical properties were characterised with varying DTT concentration. Human umbilical vein endothelial
cells (HUVEC) were co-encapsulated within gelNOR hydrogels with two kinds of stromal cells, human mesenchymal stromal cells (MSC) or
human dermal foreskin fibroblasts (HFF), at various endothelial to stromal cell ratios. Co-cultures in casted hydrogel disks (Ø5x1mm) were
maintained in endothelial growth media for 14 days, following fixation and immunohistochemical evaluation (CD31/F-actin).
GelNOR was successfully synthesised with a 45% degree of modification. Varying Nor:SH (DTT) ratios resulted in tailorable sol fractions and
mass swelling ratios. HUVEC was successfully co-encapsulated with MSC or HFF in gelNOR hydrogels, showing high viability (>90%) and a
retained HUVEC phenotype over the cell-culture period. Both stromal cell types were able to facilitate the formation and stabilisation of
interconnected vessel-like structures.
In conclusion, we have shown that GelNOR hydrogels, with tailorable physico-chemical properties, can be used to promote in vitro
vasculogenesis for large tissue engineered constructs.
1. Lin, C.-C., Ki, C. S. & Shih, H. Thiol-norbornene photo-click hydrogels for tissue engineering applications. J. Appl. Polym. Sci. 132, (2015).
This study was supported by the New Zealand Health Research Council Emerging Researcher First Grant (KL).
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Recombinant Spider Silk Functionalized with Antimicrobial Enzymes for Prevention of Implant-Related Infections

Linnea Nileback1，Fredrik Seijsing2，Johan Seijsing2，My Hedhammar1
1
Institute of Protein Science, School of Engineering Sciences in Chemistry, Biotechnology and Health, KTH Royal Institute of Technology, Stockholm, Sweden，2Department of Molecular
Biosciences, The Wenner-Gren Institute, Stockholm University, Stockholm, Sweden

Recombinant spider silk proteins can be produced in bacterial hosts, and purified proteins can assemble into silk in various material formats,
such as fibers, thin surface coatings and 3D foams. Such silk scaffolds are considered promising as a biomaterial due to its mechanical
properties and cytocompatibility.1-3 Considering the great need of alternatives to conventional antibiotics4, it is attractive to design antimicrobial
silk using protein based antimicrobials such as lytic enzymes and antimicrobial peptides. By immobilizing domains with antimicrobial activity
onto silk, a lower dose can be used via local application of the active substances, e.g. as silk coatings on orthopedic and dental implant
surfaces. We have designed proteins with antimicrobial peptides fused to the recombinant spider silk protein 4RepCT. Moreover, we show that
several different bacteriolysins and a biofilm disruptive enzyme (dispersin) can be site-specifically coupled to the N-terminal site of 4RepCT silk
proteins by the use of the enzyme sortase. These functionalized silk proteins still possess the ability to assemble into silk fibers while retaining
the enzymatic activity. The effects on the viability and adhesion of bacteria on the silk materials are currently being investigated.
References
1. Widhe M, Johansson J, Hedhammar M, Rising A. Current progress and limitations of spider silk for biomedical applications. Biopolymers 97,
6, 2012.
2. Widhe M, Johansson U, Hillerdahl C-O, Hedhammar M. Recombinant spider silk with cell binding motifs for specific adherence of cells.
Biomaterials 34, 44, 2013.
3. Nilebäck L, Hedin J, Widhe M, Floderus L S, Krona A, Bysell H, Hedhammar M. Self-Assembly of Recombinant Silk as a Strategy for ChemicalFree Formation of Bioactive Coatings: A Real-Time Study. Biomacromolecules 18, 3, 2017.
4. World Health Organisation. Antimicroial resistance. Fact sheet N°194, 2014. http://www.who.int/mediacentre/factsheets/fs194/en/
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3D Bioprinting of Renal Glomerulus Using an Enzymatically-Crosslinked Bioink  
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Fibrin hydrogels have been used in a variety of tissue engineering applications over the last decade, such as liver, heart, skin, cartilage, bone,
muscle, adipose and ocular tissues, as fibrin exhibits excellent biocompatibility, promotes cell attachment, and can degrade in a controllable
manner [1]. More recently, fibrin has been used as a component in bioink, the cell laden material used to form 3D structures in bioprinting [2],
despite its low mechanical stiffness and low viscosity in solution [1]. To overcome these limitations, previous attempts to 3D bioprint using
fibrin have either used the “ink-jet” method [3] or a “mold and fill” strategy [4]. These methods are inherently limited in their ability to produce
large constructs with high cell density and complex multicellular structures. However, micro-extrusion bioprinting does not have this limitation
[5]. In order to utilise both the advantages of fibrin and micro-extrusion bioprinting, we propose a new method of using fibrin as a bioink
component in 3D bioprinting of renal glomerulus. In brief, the surface of patient-derived renal glomerular cells was modified with a surfactantcoated enzymatic crosslinker, and the cells were next seeded into a composite bioink of alginate and pluronic F127 [6]. The bioink was
extruded by a system of our own design and the resulting construct was immersed in a solution of fibrinogen and CaCl2 before incubation.
Viability 24 hours after printing was 73% ± 6%. This corresponds to a 20% improvement over cells that were bioprinted in a non-enzymatically
crosslinked bioink (53% ± 8% p=0.0002). This bioprinting system will be used to build a 3D dimensional model of the renal glomerulus for
disease modeling.
[1] T. A. E. Ahmed, E. V. Dare, and M. Hincke, Tissue Eng. Part B Rev., vol. 14, no. 2, pp. 199–215, Jun. 2008
[2] M. K. Włodarczyk-Biegun and A. del Campo, Biomaterials, vol. 134, pp. 180–201, Jul. 2017.
[3] X. Cui and T. Boland, Biomaterials, vol. 30, no. 31, pp. 6221–6227, Oct. 2009.
[4] C. C. Chang, E. D. Boland, S. K. Williams, and J. B. Hoying, J. Biomed. Mater. Res. Part B-Appl. Biomater., vol. 98B, no. 1, pp. 160–170, Jul.
2011.
[5] J. W. Jung, J.-S. Lee, and D.-W. Cho, Sci. Rep., vol. 6, p. 21685, Feb. 2016.
[6] J. P. K. Armstrong, M. Burke, B. M. Carter, S. A. Davis, and A. W. Perriman, Adv. Healthc. Mater., vol. 5, no. 14, pp. 1724–1730, Jul. 2016.
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Fabrication of the functional micro vascular complex structure using DLP(Digital Light Processing) printing and
microfluidics culture system
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Blood vessels are responsible for important functions such as transport of nutrients and waste products in living tissues. There are various
research on blood vessel regeneration, especially on the reproduction of its structure by tissue engineering methods. However, it is difficult to
implement a micro-sized small vascular structure. Therefore, in this study, we tried to implement micro vessel structure by using DLP (Digital
Light Processing) method in 3D printing technology. Micro vessel structures were designed with an internal diameter of less than 800
micrometers using a 3D modeling program. Bio ink for printing was made of mixed solution of silk fibroin having excellent biocompatibility and
gelatin that was chemically reformed with photocurable material for application of DLP printing. The structure of micro vessels fabricated
through DLP printer was observed by stereoscopic microscopy. Mechanical properties of the micro vessels were confirmed by measuring the
tensile strength and compressive strength. The vessel printed with HUVEC was cultured for 7 days in a flow culture condition and
immunofluorescence staining was performed to confirm the differentiation of micro vessels into actual blood vessels. As a result, it was
confirmed that the micro vascular structure fabricated in this study had an inner diameter of less than 800 micrometer. In addition, the result of
tensile strength and compression strength showed that physical properties of 3D printed micro vessels were suited to that of the blood vessel.
It was confirmed that HUVEC differentiated into blood vessels along flow line in the flow culture system through immunofluorescence staining.
In this study, we present a novel DLP printing method capable of fabricating the micro vessel structure, and the micro vessel structure
produced is expected to be an underlying study for the study of vascular tissue engineering.
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3D Printed Methacrylated Gelatin (GelMA) Hydrogels for Corneal Stroma Engineering
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Cornea, the avascular tissue located at the front of eye, is crucial for the protection of the eye from environmental factors. Stroma is the
thickest section of the cornea, consists of 200-400 lamellae that are organized parallel to cornea surface and orthogonal to adjacent lamellae.
This organization is important for the biomechanical and optical properties of the cornea1. Use of GelMA for tissue engineered corneal stroma
was reported for the first time in the literature by our group2. For an enhanced healing, the internal organization of the stroma has to be
improved and in this study, GelMA was 3D printed to mimic the microstructure of the stroma.
GelMA was produced from type A porcine skin gelatin and degree of methacrylation was determined by 1H-NMR. 15% GelMA solution
(GelMA15) was prepared in the presence of photoinitiator (Irgacure). Two-dimensional (2D) layers were deposited with subsequent layers
perpendicular to each other by Bioscaffolder® (SYS+ENG, Germany). Layer thickness (0.14 mm) and the distance between strands (1 mm)
were set. To optimize the printing conditions, deposition speed (Fxy, mm/min) and spindle speed (R/S, Dots/mm) were changed. The resultant
hydrogels were tested mechanically under compression, in situ degradation for 21 days, water content, and transparency (in the wavelength
range 250-700 nm) were determined.
A high degree of methacrylation (ca. 70%) was calculated from NMR data which resulted in crosslinking of the GelMA solution in a short time
(5 s with OmniCure, 15 mW/cm2, at 365 nm). Stereomicrographs showed that as Fxy increases, fiber diameter decreases and as R/S increases
fiber diameter increases. 3D printed hydrogels with smooth fibers and proper design were obtained when R/S was 0.01, 0.02 and 0.03 while
Fxy was 200, 200 and 300, respectively (GelMA15-0.01, GelMA15-0.02, and GelMA 15-0.03). Hydrogels retained a significant amount of water
in their structures (~90%). Compressive moduli of GelMA15-0.01 and GelMA15-0.02 hydrogels were similar (~11 kPa) and significantly lower
than GelMA15-0.02 hydrogels (~18 kPa). Transparency of hydrogels was similar and around 88% which is comparable with that of native
cornea3. Hydrogels lost only about 8% of their initial weight upon 21 days of incubation in PBS. In conclusion, these results towards in vitro and
in vivo studies show that mimicking 3D microstructure of corneal stroma is successful and hydrogels are highly stable and transparent as
needed for cornea engineering.
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Digital Light Processing-Based 3D Printing of Gelatin Methacrylamide/N-vinyl-2-pyrrolidone/Hydroxyapatite
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Precise control over the geometric shape, porosity and internal pore architecture of three-dimensional scaffold is essential for tissue
engineering. Digital light processing, one of additive manufacturing techniques, using photosensitive biomaterials is a promising technology for
fabricating three-dimensional scaffolds with specific shapes and internal architectures owing to its fine resolution, high fabrication speed and
computer-aided design capabilities. In this study, photo-crosslinkable gelatin methacrylamide was prepared by the polymerization of gelatin
with methacrylic anhydride. Nanosized hydroxyapatite particles were synthesized by a co-precipitation method in presence of sodium
polyglutamate. The nanosized hydroxyapatite particles, N-vinyl-2-pyrrolidone as a co-monomer and VA-086 as a photoinitiator were than
mixed with photo-crosslinkable gelatin methacrylamide. Finally, 3D gelatin and gelatin/hydroxyapatite scaffolds were fabricated by digital light
processing-based 3D printer. The results demonstrated that the shape of the 3D-printed scaffold was close to that of the design, suggesting its
potential in customized scaffold fabrication. The incorporation of hydroxyapatite particles into gelatin scaffolds decreased the pore size and
water absorbency of scaffolds.
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The artificial trachea fabrication using 3D bioprinting technology and GelMA-HAMA
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Lately, several types of tracheal scaffolds created by the three-dimensional(3D) printing technique have been reported. in this study, we
fabricated artificial trachea using rabbit chondrocytes with Poly(caprolactone) (PCL) and a blended gel consisting of gelatin methacrylation
(GelMA) and hyaluronic acid methacrylation (HAMA). GelMA and HAMA were chemically modified to respond to UV light, which were
characterized by FT-IR. GelMA and HAMA were blended with various composition ratio and characterized in terms of printability and
rheological characteristics to find optimum condition for 3D printing. Rabbit chondrocytes were printed out with the hydrogel and the cell
viability was confirmed by CCK-8 and Live/Dead The partial trachea was fabricated by printed out PCL as a trachea frame and hydrogel as a
cell loading material. Cell seeded PCL scaffolds were used as a control. After stabilization of the structure through cultivation for 3 days, they
were transplanted into a damaged trachea model for 4 weeks. Harvested tracheas were analyzed in terms of mechanical strength,
glycosaminoglycan (GAG) production, histological response related cartilage regeneration. The artificial trachea composed of PCL, hybrid
hydrogel of GelMA and HAMA, and chondrocyte showed higher cell viability, GAG production and cartilage-like histological results comparing
with 3D printed PCL scaffold. The results suggest a new direction to help regenerate trachea tissue through a novel bio-ink framework
technique.
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Digital light processing (DLP) bioprinter create models with high resolution and with rapid printing speed regardless of the layer’s complexity
and area. Although hydrogels have been widely used as 3D bioprinting materials for cell loading, there are only a few reported biomaterials
capable for DLP bioprinting. In this study, we modified silk fibroin chemically to respond to the light and applied it to fabricate cell loadedtrachea structures using DLP printer. First model was printed out with human chondrocyte encapsulated silk fibroin for whole trachea and
second one as a partial model was printed in two layers with human chondrocyte and human turbinate cells. The printed cell-loaded artificial
trachea was incubated for 4 weeks. At each time point a mechanical property (compressive strength), glycosaminoglycan (GAG) synthesis and
cartilage related gene expression were analyzed using Universal Testing Machine, DMMB assay and RT-PCR, respectively.
Immunohistochemistry was carried out to confirm mucosal epithelial regeneration. GAG production, mechanical strength and gene expression
such as collagen type II, SOX-9 and Aggrecan were promoted with time. In the result of IHC, the outer part of the trachea was completely
differentiated into cartilage, and the inside was covered with mucosal epithelium. The results demonstrated that DLP system with silk fibroin
could be fabricated mechanically and biologically functional trachea. This technique would be able to use to trachea regeneration.
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Laser-based 3D printing of hydrogels: a versatile approach for accurate 3D cellular models
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The ability to produce three dimensional structures from components that build up human tissue with tunable properties is an exciting outlook
of biofabrication. Nonetheless, preserving the freedom of structuring in terms of speed, resolution and design while imitating the complexity of
the native tissue architecture and function is challenging. With the currently available 3D printing methods, the realization of high resolution
structures with complex architecture is cumbersome. Two photon-polymerization (2PP) is a novel 3D printing approach where the absorption
of femtosecond-pulsed laser light leads to localized polymerization of photosensitive materials within the focal volume. 2PP is capable of
encapsulating cells inside photosensitive hydrogels at high structural resolution in accordance to computer assisted designs (CAD). Direct cell
encapsulation is a powerful tool for fabrication of 3D cell culture models in vitro, providing closer resemblance to the in vivo environment of
human tissue compared to classical 2D models. Compared to cell seeding in prefabricated scaffolds, direct encapsulation provides high initial
cell loading, uniform cell distribution and directed cell positioning. We report here the development of a novel biocompatible multicomponent
system which has the capacity of direct cell encapsulation by printing different cells into various designs while maintaining cell viability and
proliferation. The properties of the hydrogel including stiffness, degradation, and swelling can be fine-tuned by changing the concentrations of
the components and / or applied energy, creating a versatile platform for in vitro modelling and tissue engineering constructs to study cell
response in 3D.
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Photocrosslinkable hydrogels, in particular gelatin methacryloyl (GelMa), are gaining increasing importance in biofabrication and tissue
engineering. While GelMa is often described as mechanically ‘tunable’, clear relationships linking the photocrosslinking conditions to reaction
rates, and the resulting mechanical properties, have not been described. Meanwhile the conditions employed across the field are disparate,
and difficult to compare. In this work, in situ rheological measurements were used to quantify the relative rate of reaction of GelMa hydrogels
with respect to light intensity, exposure time and photo-initiator concentration. In addition the UV degradation of the photo-initiator Irgacure
2959 was measured by UV-vis spectroscopy, and used to estimate the rate of free radical production as a function of light exposure. Using
these data an expression was derived which predicts the mechanical properties of GelMa hydrogels produced across a wide range of
crosslinking conditions.The model was validated through fabrication of mechanical gradients which matched predicted properties.
Encapsulated human mesenchymal stem cells showed high viability under the mildest crosslinking conditions, but decreased viability for
conditions which generated the highest flux of photoinduced free radical formation. The expressions described may be used to aid rational
design of GelMa photocrosslinking strategies, especially in cell encapsulation experiments where minimising the cytotoxic elements in the
reaction is a priority.
References:
1) O'Connell C. D. et al. Soft Matter (in press)
2) O’Connell C. D. et al. Biofabrication 8, 15019, 2016.
3) Duchi S. et al. Scientific Reports 7, 5837, 2017.
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Novel printable bioink made of gelatin methacryloyl (GelMA) and type I collagen promotes angiogenesis
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Three dimensionally (3D) bioprinted organs and tissue substitutes require an effective vascularization to efficiently supply the cells with oxygen
and nutrients. Till date, several hydrogel blends have been developed allowing the in vitro formation of capillary-like networks within the gels
but comparatively less effort has been made to improve their applicability to 3D bioprinting processes. Therefore, we hypothesized that
tailored hydrogel blends of photo-crosslinkable gelatin and type I collagen exhibit favorable 3D drop-on-demand printing characteristics in
terms of rheological and mechanical properties and that further capillary-like network formation can be induced by co-culturing human
umbilical vein endothelial cells and human mesenchymal stem cells within the proposed blends.
Gelatin was methacrylated (GelMA) at a high degree of functionalization, mixed with cells, type I collagen, and the photoinitiator Irgacure®
2959 and subsequently crosslinked by UV light. After 14 days of incubation cells were immunofluorescently labeled (CD31) and visualized
using two-photon laser scanning microscopy. Hydrogels were rheologically characterized and dispensable droplet volumes were measured
using a custom-made 3D drop-on-demand bioprinter.
The cell viability remained high in controllable crosslinking conditions both in 2D and 3D. In general, higher UV light exposure and increased
Irgacure concentration were associated with a decrease of the cell viabilities. In 3D printable GelMA-collagen hydrogels distinctive capillary-like
structures were formed. The characteristic crosslinking time for GelMA in the range of minutes was not significantly altered when GelMA was
blended with type I collagen. Moreover, the addition of collagen resulted in enhanced cell spreading, pronounced shear thinning behavior of
the hydrogel solution and an increased storage modulus of the crosslinked hydrogel blend.
Thus, we conclude that GelMA-collagen hydrogel blends exhibit favorable biological as well as rheological properties which are beneficial for
the manufacturing of 3D bioprinted prevascularized tissue substitutes.
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Fabrication and characterization of the porous duck’s feet collagen sponge for wound healing applications
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There are several artificial dermis commonly use to cover the wound and promote healing. The major goal of wound management is fast and
scarless healing. However, there is no ideal skin substitute, that is effective to accelerate wound healing without scar formation. Artificial dermis
substitute also has some drawbacks, such as high cost, insufficient available period and donor pathogen infection. To overcome these
problems, we developed duck’s feet collagen (DFC) sponge as artificial dermal substitutes for the treatment of full-thickness skin defects. We
measured these DFC sponge’s comparative characteristics and performances with an artificial dermis Colladerm by carried out SEM-EDX
analyze, water-binding abilities and porosity test. Biocompatibility test was also performed using CCK-8 cytotoxicity assay. We also evaluated
its wound healing effects for a full-thickness skin wound and compared with Colladerm in a rat model. Histological studies were carried via H&E
and MT staining. Although the wound healing effect of the DFC sponge was almost similar to that of Colladerm, the DFC sponge did not induce
scar formation and wound contracture like Colladerm. We suggest that DFC sponge can be used as an ideal dermal substitute to the
treatment of full-thickness skin wound.
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3D printing is an emerging field of tissue engineering in which the complicated hierarchical tissue-like structures with cells for regenerating
damaged tissue. Conventional bio-inks with high biocompatibility (e.g., extracellular matrix-derived materials) have insufficient mechanical
strength for supporting layers, resulting in additionally employing synthetic polymer-based frameworks for complex structures. However,
synthetic polymers have major challenges involving biocompatibility and toxic byproducts as decomposed. In this work, using sea anemone
silk-like protein (aneroin), a new bio-ink platform with biocompatible, extensively mechanically durable, and cell-favorable properties was
developed without synthetic polymeric framework. Hyaluronic acid (HA) was used for improving printability as viscosity enhancer and biocompatibility of construct in the field of tissue engineering. Based on blue light irradiation, adjacent tyrosine residues in aneroin were rapidly
crosslinked within a few (~2) seconds to fabricate precise 3D micro-structure aided by fluidic behavior of HA by retarding printing speed and
recovering its viscosity after extrusion. By the platform, various shapes (lattices, blood vessels, and human ear) could be fabricated easily and
reproducibly, and then coated by mussel glue protein to overcome convex curvature of 3D printed constructs by improving hydrophilicity. The
scaffolds had stronger mechanical properties, including tensile strength and elasticity than those made of silk fibroin as a comparative control.
Mesenchymal stem cells, myoblast, fibroblast, pre-osteoblast cells were able to adhere and proliferate on the scaffold with great viability for 4
days. Stem cells were well-differentiated into chondrocyte and osteoblast on the scaffold through in vitro cell cultivation. Through in vivo
assessment, the biocompatible and biodegradable properties were evaluated in comparison of silk fibroin counterparts with the result that
aneroin-HA bioink constructs exhibited a comparatively rapid degradation in vivo with the mild immune reaction, which demonstrated that the
platform would be attractive for new 3D printing materials in tissue engineering for regenerating musculoskeletal tissue. In particular, regarding
the component and modulus of 3D printed construct, the platform would be a promising therapeutic alternative for articular cartilage disease.
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In vitro and in vivo evaluation of the duck's feet collagen sponge for hemostatic applications
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Recently different hemostatic agents have been developed, but most of them are ineffective in severe bleeding and expensive or cause safety
concerns. In this study, we fabricated duck's feet collagen-based porous sponges and investigated its use as a hamostatic agent. We
determined the sponge's physical and biological characteristics and compared with Avitene via scanning electron microscope analysis, wateruptake abilities and porosity test, and cytotoxicity assay. The duck's feet collagen/silk sponge showed a larger interconnected porous structure
compared to others sponges. The duck's feet collagen/silk sponge also exhibited significantly higher porosity than Avitene. Hemostatic
properties of the sponges were evaluated by whole blood clotting and rat femoral artery hemorrhage experiment. The addition of silk to duck's
feet collagen showed better blood clotting ability than Avitene in vitro.However, rat femoral artery hemorrhage test showed a similar
hemostatic property between the duck's feet collagen-based sponges and Avitene. We suggest that duck's feet collagen-based sponge can be
effectively used for hemostatic applications.
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Novel silk bio-ink ; 3D digital light processing printing for advanced tissue engineering
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Digital light processing (DLP) bioprinter, one of the bioprinting technologies, create models in a layer by layer fashion through
photopolymerization with high resolution and high printing speed. This DLP printer allows only photosensitive polymers as bioink, which
prohibits the use of many biomaterials. Silk fibroin (SF) has been used for a variety of biomedical applications, however, SF itself has not been
used for DLP printing due to absence of crosslinkage sites essential for photopolymerization.
In this study, we developed silk based bioink as an effective bioink for DLP printing by chemical modification of SF (methacrylated SF). We
evaluated the degree of methacrylation on SF modified by various amount of methacrylation agents and characterized their physical properties.
To make hydrogel, photoinitiator was included into the methacrylated SF solution, which was printed by DLP printer. Mechanical properties by
Universal Testing Machine, rheological properties by a rheometer and cell viability and distribution by Live/Dead assay and confocal
microscopy, respectively, were analyzed.
Increases in contents of methacrylation agent resulted in higher level of methacrylation on SF. While increases in contents of methacrylation
agent increased mechanical and rheological properties, water uptake was decreased. Increase of photoinitiator and methacrylated SF contents
advanced the gelation time. Various complex organ structures such as heart, vessel, brain, trachea and ear were mimicked by DLP printers with
good strength and cells grew well in the methacrylated SF hydrogel without cytotoxicity.
Based on our laboratory results, we confirmed that methacrylated SF bioink is well-suited for use in the DLP printing process and it could be
applied to tissue engineering and the construction of highly complex organ structures.
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Millions of platelets, specialized cells that participate in haemostatic and inflammatory functions, are transfused each year worldwide, but their
supply is limited. Platelets are produced by megakaryocytes within the bone marrow, the soft, spongy, gelatinous tissue found in the hollow
cavities of flat and long bones that support hematopoiesis. The bone marrow structure and extracellular matrix composition, together with
soluble factors (e.g. thrombopoietin), are key regulators of thrombopoiesis. Despite this knowledge, the scarcity of clinical cures for life
threatening platelet diseases is due to limited insight into the mechanisms that control the developmental process of megakaryocytes and the
mechanisms that govern the production of functional platelets within the bone marrow. Silk fibroin, derived from Bombyx mori silkworm
cocoons, is a promising biomaterial for bone marrow tissue engineering because of its tunable architecture and mechanical properties, the
capacity of incorporating labile compounds without loss of bioactivity and demonstrated ability to support platelet production without
premature activation. In this study, we fabricated a custom perfusion chamber to contain a multi-channel lyophilized silk sponge mimicking the
vascular network in the bone marrow niche. The perfusion system consisted in an inlet and an outlet and two splitters that allowed funneling
flow in each single channel of the silk sponge. Computational fluid dynamic analysis demonstrated that this design permitted confined flow
inside the vascular channels. The silk channeled sponge supported efficient platelet release from megakaryocytes. After seeding, the
megakaryocytes localized along Stromal cell-Derived Factor 1α functionalized vascular channels in the sponge. Perfusion of the channels
allowed the recovery of functional platelets as demonstrated by activation tests upon thrombin stimulation. Further, increasing the number of
channels in the silk sponge resulted in a proportional increase in the numbers of platelets recovered, suggesting applicability to scale-up for
platelet production. In conclusion, we have developed a scalable system consisting of a multi-channeled silk sponge incorporated in a
perfusion chamber that can provide useful technology for reproducing the bone marrow and studying thrombopoiesis ex vivo.
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Tissue engineering scaffold requires biological activities such as cell adhesion, proliferation and differentiation to promote tissue regeneration.
Animal-derived extracellular matrix (ECM) proteins such as collagen and gelatin, are widely used for the tissue engineering researches because
of their high biological activities. However, it is very difficult to control only a necessary biological activity, because ECM proteins inherent many
kinds of biologically-active sequences. In addition, animal-derived ECM proteins have concerns about immunerejection and virus infection.
Genetically-engineered artificial proteins are promising xeno-free material. In this study, a high molecular weight collagen-like protein
composed of (Gly-Pro-Pro)10-Lys-Pro-Pro)4 (GPP-K) was expressed in E. coli. for a xeno-free artificial ECM platform.
The E. coli. competent cell was transformed with the expression plasmid vector encoding GPP-K with His-tags, Glutathione S-Transferase (GST)
region and a digestion site of the HRV3C protease (HRV-GPP-K), and cultivated at 30ºC or 37ºC. The expression of HRV-GPP-K was induced
with 0.1 mM IPTG at different OD590 values. After 12 h of protein expression, E. coli. was harvested by the centrifugation. The E. coli. pellet was
resuspended by buffer solution and frozen at -80ºC. The E. coli. were disrupted by sonication and insoluble debris was removed by the
centrifugation. The supernatant was purified by the His-tag affinity column and HRV3C protease digestion. After dialysis in deionized water, a
high-purity GPP-K was successfully obtained.
The condition of HRV-GPP-K expression was successfully optimized (OD590 = 0.8, expression time: 12 h, expression temperature: 37ºC).
Theoretical mass peak at 11.83 kDa was detected by MALIDI-TOF/MS. The CD spectrum of GPP-K in the aqueous solution showed a negative
band, and a positive band at 220 nm and 225 nm, respectively, indicating that GPP-K forms collagen-like triple helical structure. We succeeded
in the expression of GPP-K with collagen-like triple helical structure and are expecting its usability as a xeno-free artificial ECM platform.
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Gelatin hydrogel has great potential in regenerative medicine. The degradation of gelatin hydrogel is important to regulate in vivo tissue repair
process. As a plasticizer, PEG can significantly improve the mechanical property of gelatin hydrogel. However, how preparation parameters
affect the degradation rate of gelatin-PEG composite hydrogel is still not clear. In this study, gelatin-PEG composite hydrogel was prepared by
the chemical cross-linking reaction using glutaraldehyde (GA). And GA concentration was found to be the significant effect factor for the
degradation rate of gelatin-PEG composite hydrogel by means of Plackett-Burman design. Then a mathematical model was built to further
investigate the extended effect of preparation parameters (the concentration of gelatin, GA or PEG) on the hydrogel degradation rate using the
response surface method (RSM), which was helpful to predict the degradation rate of gelatin-PEG composite hydrogels under different
preparation conditions. Moreover, it was found that the addition of PEG could adjust hydrogel degradation more subtly, which might probably
have relation with the increasing of the cross-linking degree. In addition, gelatin-PEG composite hydrogel surface well supported the adhension
and growth of human mesenchymal stem cells (MSCs). And PEG was found to increase the compact degree of hydrogel when lower GA
concentration was used, which could prevent cell migration into the hydrogel. Therefore, PEG might play an important role in the composite
hydrogel, and our results would be useful to optimize the preparation of gelatin hydrogel for tissue engineering. Acknowledgement: This work
was supported by the National Natural Science Foundation of China (No.31470944).
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In this work, the synthesis of amphiphilic hyaluronic acid (HA) will be presented. Particularly, the reactivity towards acylation of HA with
steroids will be discussed i.e. cholesterol (SCH), cholic acid (CA), deoxycholic acid (DOCA), or 18β-glycyrrhetinic acid (GA). The carboxylic
moiety on the steroids was activated by means of benzoyl chloride towards the formation of a mixed anhydride. Consequently, esterification
reaction of HA was carried out in water under mild conditions. The degree of substitution can be perfectly tailored by varying the feed ratio of
activated anhydride to HA. The degree of substitution (up to 25% (mol/mol)) can be reached while the derivatives are still water soluble. The
preparation process resulted to be mild and economic for scale up. Moreover, the chemical characterization of the prepared amphiphilic
polymers will be described. The amphiphilic conjugates were tested for the encapsulation of antioxidants commonly used in cosmetic
compositions i.e. vitamin E and Coenzyme Q10, loaded with high encapsulation efficiency (EE). It was found that the loading capacity was a
function of the degree of substitution and type of hydrophobic moiety. Also, the encapsulation of the antioxidant in the hydrophobic core was
demonstrated. The biocompatibility of the derivatives and the uptake enabled us to demonstrate the potential of the delivery systems for skin
delivery.
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Plant-derived nanoparticles are polysaccharides, mainly represented by Rhamnogalacturonan-I pectins (RGI) and have a great potential to (1)
improve bone formation, (2) prevent from inflammation cause by bacterial infection. The objective of the project was to develop a
nanocoating at the titanium implants to improve osseointegration in patients with high risk for inflammation, as periodontitis (PD). The
inflammatory phase of osseointegration at titanium surface with RG-I nanocoating was evaluated with human primary neutrophils and
macrophages by gene expression under activated immune system with bacteria origin (-/+ P.gingivalis(PG)). The environment without bacterial
infection was a positive control. The proliferative phase of osseointegration was observed with proliferation, cell metabolic activity and gene
expression of primary human fibroblasts in absence and presence of bacterial infection. The osteogenic properties of the RG-I nanocoating was
evaluated with osteoblast adhesion, proliferation, cell viability, cell cycle, mineralization and Real-Time PCR in different time point -/+ PG
bacterial infection. The surfaces with RG-Is were test group and the surfaces without RG-Is were control group. RG-Is nanocoating at the
titanium surface compare with uncoated surface down-regulated Il-1, Il-8, TNF-alpha of neutrophil and macrophages infected with PG. The
fibroblast proliferation and viability increased at the RG-Is compared to control. The Col1a, Fn-1, Fgfr-1, Mmp-2 were up-regulated in fibroblast
culture -/+ PG on RG-Is compare to uncoated surface. TNF-alpha, I-1, I-8 were down-regulated in fibroblast infected with PG on RG-I surface
compared to uncoated surface. The osteoblast proliferation, cell viability and mineralized matrix formation was increased on RG-I. The RUNX-2,
ALPL, OC, COL-1 were up-regulated and RANKL down-regulated in cell culture -/+ PG s on RG-I coated surface compare to control. IL-1, IL-6
and TNF-alpha were down-regulated in osteoblasts culture infected with PG on RG-I compared with control. The results showed that
neutrophils, macrophages, fibroblast and osteoblast cultured on RG-I nanocoating and infected with PG significantly reduced release of proinflammatory cytokines during inflammatory and proliferative phase of osseointegration. Pectin RG-Is nanocoating is promising candidate for
improvement of osseointegration and might play an important role as anti-inflammatory agent in case of compromised patients.
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Chitosan scaffolds by ElectroHydroDynamic techniques
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ElectroHydroDynamic techniques such as electrospinning and electrospraying are frequently used for scaffold production and drug
encapsulation1,2.
Thanks to an experimental design we have elaborated a method to produce scaffolds based on nanofibres or submicron beads of controlled
sizes. Characterization of the scaffolds was led by X-Ray Diffraction (XRD), Fourier Transform InfraRed spectroscopy (FT-IR), water contact angle
(WCA), Atomic Force Microscopy (AFM), Scanning Electron Microscopy (SEM) and X-Ray tomography.
The quality of the chitosan as well as solution properties are key parameters for bead-fibre transition, and scaffold morphology.
1. Zhang, S. & Kawakami, K. One-step preparation of chitosan solid nanoparticles by electrospray deposition. Int. J. Pharm. 397, 211–217
(2010).
2. Homayoni, H., Ravandi, S. A. H. & Valizadeh, M. Electrospinning of chitosan nanofibers: Processing optimization. Carbohydr. Polym. (2009).
doi:10.1016/j.carbpol.2009.02.008
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The major challenge of tissue engineering domain comprises of mimicking extracellular matrix (ECM) of native tissues close to natural
proximity. Electrospinning has emerged as an exceptional alternative to fabricate scaffolds with necessary porosity and ECM analogue
architecture. Electrospinning of synthetic polymers blended with biopolymers have showed promising outcome in terms of mechanical
strength, biodegradation coupled with biocompatibility, cellular proliferation and adhesion without eliciting much inflammatory responses. In
this present study, polycaprolactone (PCL) has been mixed with silk fibroin sponges (SF) in different volume ratios to obtain stable emulsion,
and electrospun to obtain a nanofibrous scaffold with porous architecture. The composite nanofibrous scaffolds exhibited comparable
mechanical strength, in-vitro biodegradation and biocompatibility than pristine PCL electrospun fibers. The β-sheet conformation of silk
structure and its inherent RGD sequence imparts sufficient strength and cell proliferation capacity to the scaffolds, making them a promising
candidate in the field of tissue engineering.
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Viscoelastic response of a scaffold to cell-generated forces influences the in-vitro behavior of the cells. Thus to understand cellular reaction,
measurement of matrix local mechanical properties is of great importance. In this study, we have used hyaluronic acid (HA)/collagen (Coll)
based cryogel scaffolds for 3D cell culture. We were for the first time able to monitor changes in local viscoelastic properties in direct cell
environment continuously using Multiple Particle Tracking (MPT) based microrheology. In combination with histologic staining, we gained a
deeper insight in cell-matrix interactions.
MPT measurements were performed in cell-laden scaffolds by tracking the Brownian motion of inert beads, evenly distributed within the matrix.
The resulting trajectories were transformed into mean square displacement traces from which local viscoelastic properties, i.e. storage
modulus ǴMPT and loss modulus Ǵ́MPT were calculated using the generalized Stokes-Einstein relation. As the tracer particles don’t apply any
force to cells and were proved to be non-cytotoxic, the MPT method is considered not to affect cell growth. Newly secreted fibers that
contribute to matrix elasticity were identified by antibody staining against matrix proteins after 1, 3 and 8 days of cell culture.
Main results were that cryogel composition, local distribution of Coll and initial micromechanical properties affected cell behavior. At low HA to
Coll ratio, i.e. high Coll content, cells spread faster but proliferation rate was lower than in scaffolds with more HA. Cells adhered preferentially
at locations with thick Coll fibers. When Coll was distributed homogeneously, cells adhered and spread more slowly than in networks with
heterogeneous Coll distribution. But in latter, the degradation was accelerated. Continuous MPT monitoring showed that after 5 days G’MPT was
reduced by 80% of the initial local elastic modulus. Finally, we observed that in gels with low initial local elasticity, 3T3 cells produced higher
amounts of fibronectin and additional Coll, compared to cells seeded in more rigid gels.
In summary, the non-invasive characterization of matrix mechanical and heterogeneity properties on microscale is possible by means of MPT.
Thus, our study serves as a window to a better understanding of matrix mechanical changes during cell culture on the length scale of single cell
size.
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Development of a transparent nanofibrous silk fibroin nonwoven scaffold for corneal stromal regeneration  

Hisatoshi Kobayashi1，Shinya Hattori1，Takako Honda1，Tsunenori Kameda2，Yasushi Tamada3
WPI-MANA, National Institute for Materials Science，2National Institute of Agrobiological Sciences，3Shinshu University
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Lack of the donor for corneal graft is the big problem not only in Japan but also globally. With a new technology development, new materials
and devices which are utilized as the substitute for cornea are under developent. In case of corneal epithelial layer and corneal endothelial
layer, cell sheet technology are developed and it is used in clinical cases. On the contrary, reliable substitute for corneal stroma is very few on
clinical. In previous studies[1,2,3], we have found that silk fibroin nanofiber nonwoven mat has potential to be a functional scaffold for corneal
stroma. However, fibroin nanofiber nonwoven mat was translucent and it was not perfect for using as a corneal material. To overcome this
problem, we developed a novel technique to increase the transparency of fibroin nanofiber nonwoven mat. Preparation of fibroin nanofiber
mat: fibroin aqueous solution(80mg/ml) and Poly(ethylene oxide)(ave. Mw=900000 g/mol) aqueous solution(5.0ml/ml) was mixed at 4 to 1
[4]. An electrospinning system equipped with a rotating drum collector was used.( The applied voltage:10 kV, the feeding rate: 0.3ml/h, the
spinning distance: 180 mm and the 25 G stainless needle). The resulted mat was immersed into 100% Ethanol for the insolubilization and
removing PEO. Treatment: The insolubilized mat was immersed into different concentration of calcium chloride(CaCl2) for 30 min, then washed
with distilled water. Implantation to rabbit cornea: To evaluate the tissue compatibility, 2 mm diameter of the treated mat was implanted in
stroma and the tissue reactions were observed until 12 weeks. Aligned nanofiber mat treated with 160mM CaCl2 for 30 min has excellent
transparency. From the SEM observation, structure changes were observed. The gap between fibers became very small, and outer surface of
the mat became much more flattened. Even after the treatment, permeability of protein and water was kept same level as the non-treated mat.
From the implantation results, the transparency was kept until 12 weeks and any adversed tissue reaction such as edema formation,
opacification, and vascular invasion was not observed. Further studies such long term implantation and histological evaluation are required.
[1]Terada D, et.al. Biomimetic and Nanobiomaterials, 2012, 57-61. [2]Hattori S, et.al. Bioinspired, Biomimetic and Nanobiomaterials, 2012,
195-199. [3]Hattori S, et.al. J. Silk Sci Tech Jpn, 2014, 117-123.[4] Jin HJ, et.al, Biomacromolecules, 2002, 3, 1233-1239.
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Hydroxyapatite negatively influences proliferation of stem cells in sponges made of gelatin and fibroin at early
timepoint

Sandra Schneider1，Devid Maniglio2,3，Walter Bonani2,3，Antonella Motta2,3，Martijn van Griensven1，Elizabeth Rosado Balmayor1
1
Experimental Trauma Surgery, Klinikum rechts der Isar, Technical University of Munich, Munich, Germany，2Department of Industrial Engineering and BIOTech Research Center, University of
Trento, via delle Regole 101, Trento, Italy，3European Institute of Excellence on Tissue Engineering and Regenerative Medicine and INSTM Research Center, Trento Research Unit, Trento, Italy

Objective: Scaffolds are an essential part of the Tissue Engineering strategy. They serve as support to the cells to proliferate and differentiate as
well as to deposit extracellular matrix and form new tissue. In our study, we aimed to evaluate the influence of hydroxyapatite (HA)
supplemented to gelatin/fibroin scaffolds on hAMSCs viability, proliferation and osteogenic differentiation.
Material and methods: Porous scaffolds were produced by a single-step method to obtain sponges, starting from fibroin (FN) / gelatin (GA)
(80:20 w/w) water solutions and using low pressure N2O gas. HA was added to the FN solution, in form of nanopowder, 1:1 in weight before
the production of the sponges. Scaffold morphological characterization was performed by SEM and µCT. hAMSCs were seeded on the scaffolds
and cell viability (MTT) and proliferation (PicoGreen) was tested. Furthermore, the gene expression regarding apoptosis, proliferation and
osteogenesis was evaluated by RT-PCR.
Results and conclusion: Unexpectedly, HA negatively impacted the proliferation of hAMSCs (at early time points). After 7d, there was no
significant difference between both scaffolds (i.e. +HA vs -HA). The addition of HA leads to a slightly higher toxicity, but the viability is not
influenced by it. Without HA, proliferation related genes are higher expressed than in the scaffold +HA. The expression of osteocalcin and
osteopontin was upregulated in both scaffold types. Based on our results, we conclude that supplementation of HA with 1:1 in weight to the
FN/GA scaffolds did not show a significant impact on osteogenesis of hAMSCs. Thus, the amount of HA used to supplement this material may
need further optimization.
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Wet Spinning and Riboflavin Crosslinking of Collagen Filaments
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Reconstituted collagen is one of the most useful biomaterials for biomedical applications. Collagen in fiber form may be used for the fabrication
of tailor-made, fiber-based scaffolds. Fiber-based scaffolds have the benefit of structural and topographical properties that are easily adjustable
by textile-technological techniques. A major drawback of collagen fibers is their non-inherent rigidity in the wet state, which is why collagen
fibers are typically crosslinked. The aim of this study was to evaluate the possibility of riboflavin as an alternative non-toxic crosslinking agent
for the preparation of wet-spun collagen filaments. For this purpose, mechanical and thermal properties as well as the cytocompatibility of wetspun collagen filaments crosslinked with both riboflavin and the widely used glutaraldehyde were analyzed and compared in the dry and wet
state, whereby the wet state is of particular interest for tissue engineering applications. Collagen filaments were produced on a laboratory wet
spinning line. The mechanical parameters and the denaturation temperature and enthalpy of collagen filaments were analyzed in both the dry
and wet state. It was concluded that the combination of riboflavin and UV light leads to crosslinked collagen filaments having improved
mechanical and thermal properties. Furthermore, riboflavin-crosslinked filaments exhibited a higher cytocompatibility for hMSC compared to
glutaraldehyde-crosslinked filaments.
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Electrospun scaffolds based on chitosan from Mediterranean cicada

Charles Pierre Roux-Pertus，Solenne Fleutot，Franck Cleymand
Institut Jean Lamour, CNRS, Universite de Lorraine, France

Biosourced materials properties depends upon the material of origin and process of extraction. Chitosan produced from different sources
(fungi, squids, shrimps, crabs…) with different processes exhibit different crystallinity, molecular weight and degree of acetylation that will
change biological properties [1].
In this work, we report the fabrication of scaffolds based on chitosan nanofibres from Mediterranean cicada. Chitosan produced with different
protocols of extraction and deacetylation have been characterized with conductimetry, Ubbelohde viscometer, X-Ray Diffraction (XRD) and
Fourier Transform InfraRed spectroscopy (FT-IR). Nanofibrous mats produced from electrospinning with the different samples of chitosan have
been characterized by FT-IR, water contact angle (WCA), Atomic Force Microscopy (AFM), Scanning Electron Microscopy (SEM) and X-Ray
tomography.
This study shows the influence of processing parameters on the quality of the chitosan and on morphology and viscoelastic properties of the
final product. This research describes scaffold elaboration from material collection in nature to final electrospinning.
[1] Younes I, Rinaudo M. Chitin and Chitosan Preparation from Marine Sources. Structure, Properties and Applications. Harding D, Sashiwa H,
eds. Marine Drugs. 2015;13(3):1133-1174. doi:10.3390/md13031133.
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An Injectable Scaffold Based on Crosslinked Hyaluronic Acid Gel for Tissue Regeneration
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Injectable scaffolds have great potential in special applications of regenerative medicine. In this study, hyaluronic acid hydrogels (HAGs) were
prepared by crosslinking hyaluronic acid (HA) with 1,4-butanediol diglycidyl ether (BDDE). Applications of HAG as an injectable scaffold for
regenerating functional tissues were proposed by matching its viscoelastic properties with those of biological tissues. The effect of BDDE
concentration on different properties of HAGs was explored. Swelling properties, cross-sectional morphology, and BDDE residues of the
resulting gels were investigated. Rheological properties of different HAGs were measured by monitoring their storage modulus (G’) and loss
modulus (G”) and compared with those of biological tissues. It was shown that HAGs (BDDE from 0.4 vol% to 1.0 vol%) possessed great water
absorbing capability with swelling ratios ranging from 99.7 to 78.9. The higher the concentration of the crosslinker used, the more rigid the
resulting hydrogel, subsequently the lower the swelling ratio would be and the higher the G’ and G” values as well. Similar viscoelastic
behaviors were found between HAGs and biological tissues, such as epidermis, dermis, articular cartilage and tooth germ. SEM revealed that
HAG obtained at 0.4 vol% BDDE had pore diameters ranging from a few microns to around 100 μm with a high degree of interconnectivity.
The feasibility of this HAG, as an injectable scaffold, to regenerate cartilage and dentin-pulp complex was then demonstrated using a
preliminary subcutaneous microenvironment. The current study could be a reference to account how a crosslinked HA gel should be chosen
for specific tissue regeneration.
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Biopolymeric scaffolds have been considered more profitable to regulate adhesion, differentiation and migration of cells than synthetic
scaffolds. Alginate is biocompatible, nonimmunogenic and rapidly forms a gel by adding multivalent cations. Many successful applications of
tissue engineering have demonstrated control of co-culture conditions and cell interactions. To improve cell-interactive properties of alginate
hydrogel, proteins including gelatin are often included. Gelatin is a biopolymer obtained after hydrolysis of collagen which is the major protein
of the ECM. Gelatin has low immunogenicity and excellent bioaffinity. In this study, we synthesized photopolymerizable gelatin methacrylate
and fabricated alginate/gelatin methacrylate hydrogel by dual crosslinking in order to retain more gelatin in the hydrogel. To obtain optimum
condition of hydrogel, we regulated the ratio of alginate to gelatin methacrylate. Gelatin content in the hydrogel was calculated by measuring
the solid content with a moisture analyzer. The structure of hydrogel was investigated by ¹H-NMR, FT-IR and SEM. In addition, we evaluated
mechanical properties of hydrogel by UTM and rheometer. Lastly, we investigated the 3D cell binding, cell migration properties of alginate/
gelatin methacrylate hydrogels.
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Hybrid hydrogels for the orthogonal control of skeletal muscle constructs
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In vitro skeletal muscle constructs have been widely engineered by the encapsulation of C2C12 muscle cells in hydrogels made of gelatin or
functionalized PEG.1 Also, it has been reported that three-dimensional patterns influence cell viability and the myogenic differentiation, due to
the strong dependence on the mechanical and chemical properties of the material.2,3 Here, we combine gelatin with PEGDA, carboxy methyl
cellulose (CMC), and alginate for obtaining hybrid hydrogels which allow the orthogonal control of their properties. First, gelatin, CMC and
alginate were methacrylated to make them photocrosslinkable. Polymers were combined at different fractions and used as a material to
encapsulate C2C12 cells and promote the myotube differentiation. Hybrid hydrogels containing CMC and alginate, showed high water content
and swelling, independently of the weight percentage, due to their hydrophilic structure and higher porosity. We also achieved a decoupling of
the dependence of mechanical properties from material concentration, obtaining stiffer (Gel-Alg) and softer composites (Gel-CMC). On the
other hand, these hydrogels showed high resistance to the degradation capability of collagenase II than gelatin. To study these composite
materials, as an engineered skeletal muscle, we fabricated columnar microstructured hydrogels, more than 200 µm in height, with
encapsulated C2C12 cells. Even changing mechanical and chemical properties of the material, the addition of CMC and alginate kept the cell
viability at high levels, at least until a depth of 100 µm. Furthermore, C2C12 cells proliferated and differentiated into myotubes without
affecting the hydrogel structure.Thus, mechanical properties, water content, or chemical composition of these hybrid hydrogels can be tuned
without affecting myotube differentiation. These findings reveal promising tools to generate tailored biomaterials in the field of the skeletal
muscle tissue engineering. 1. G. Agrawal, A. Aung, and S. Varghese, Lab Chip, 2017, 17, 3447-3461 2. J. Ramon-Azcon, S. Ahadian, R. Obregon,
G. Camci-Unal, S. Ostrovidov, V. Hosseini, H. Kaji, K. Ino, H. Shiku, A. Khademhosseini and T. Matsue, Lab Chip, 2012, 12, 2959–2969. 3. A.S.
Salimath, A. J. García, J. Tissue. Eng. Regen. Med., 2014, 10, 967-976
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Heparin has high affinity to a set of proteins which called heparin-binding proteins. Many reports indicated that the heparin could crosslink to a
variety of natural polymers to provide controlled release of growth factors, including BMP-2, bFGF and VEGF. We focus on the heparin as a
growth factor-immobilization agent, and evaluate effect of heparin-conjugated collagen gel on tissue formation and cell differentiation in vitro.
To check the ability of heparin-conjugated collagen gel, we investigated the tissue vascularization in vitro. In briefly, we focused on a bottomup approach using endothelial cell-covered spheroids to construct vascularized tissue. To fabricate endothelial cell-covered spheroids,
hepatocyte spheroids were coated with heparin-conjugated collagen gel and co-cultured with endothelial cells. Packed spheroids attached to
each other forming a large cellular tissue with regular distribution of endothelial cells. By using heparin-conjugated collagen gel and
immobilizing some growth factors, the survival and functions of hepatic tissue were up-regulated. It was suggested that the use of heparinconjugated collagen gel in the process of the formation of hepatocytes-endothelial cells composite tissue contributed to the enhancement of
cell survival rate and liver-specific functions of the tissue.
On the other hand, the research on the change of the mechanical properties, which could cause by the cross-linking level of the substrate
itself and the concentration of the matrix protein in our study, showed the influence on the state of the cells, not only for hepatocyte but also
iPS cells. Therefore, we also evaluated the influence of mechanical properties on cells by using iPS cells.
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Fabrication, Characterization and Biocompatibility of Photocrosslinked Tyramine-Hyaluronan Hydrogels:
Potential Scaffolds for Tissue Engineering  

Tomas Bobula，Radovan Buffa，Hana Vagnerova，Martin Cepa，Martina Hermannova，Vladimir Velebny
Contipro a.s., Dolni Doboruc 401, Czech Republic

Hyaluronan derivatives attract considerable attention as precursors for tissue engineering. In this work photo-initiated crosslinking of
biocompatible tyramine-hyaluronan (Tyr-HA) using riboflavin as a photo-initiator was studied [1-3]. Tyr-HA readily self-crosslinked into hydrogels
under physiological conditions. The rapid crosslinking was monitored by fluorescence spectroscopy indicating short gelation times (in seconds).
The tunability of the mechanical and physical properties of the hydrogels was achieved by either altering material composition of a precursor
solution or by the process parameters of the photo-crosslinking. The advantageous spatial control of the photo-reaction was demonstrated by
shape-controlled fabrication of macro and micro gels using photolithography and laser printing. The biocompatibility of the derivative, hydrogel,
photo-initiator, and light towards mouse fibroblasts was examined by the ATP test. 2D and 3D live-dead assays with fibrinogen showed
extensive cell adhesion and proliferation over 10 days. Thus, the promising and functional scaffolds for skin engineering were developed.
1.
2.
3.

Wolfová L, et al., WO2013127374, 2012.
Loebel C, et al., Biomaterials, 16, 9, 2624, 2015.
Donnelly P, et al., J. Biomat. Sc., Pol. Ed., 28, 6, 582, 2017.
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Conductive Electrospun Silk Fibroin Scaffolds with Polypyrrole for Cardiac Tissue Engineering

Yeshi Liang，James Cho Hong Goh
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Silk fibroin(SF) fibers with excellent cell adhesion properties can be obtained by electrospinning. However, SF is a nonconductive material
unable to promote electrical propagation necessary for cardiac cells. Here, we investigated two different approaches of fabricating electricallyconductive mats by incorporating polypyrrole(PPY) to SF. The first approach was to coat pure SF electrospun mats using in-situ polymerization,
while the second approach was done by incorporating different amounts of pyrrole(PY) to the SF solution before electrospinning. Random and
aligned fiber patterns were investigated. Pure SF mats were used as control. Morphological, chemical and conductive properties of the mats
were evaluated by SEM, FTIR and a conductivity test. SEM showed that the fibers with PPY exhibited a slightly smaller diameter than the pure
SF. In addition, the observable coating on the SF mat was confirmed to be PPY using FTIR. For the electrical conductivity in wet condition, there
was a 20% increase in the PPY coated mat(14.47kΩ), compared to the pure SF mat(21.72 kΩ). HL-1 cells were then seeded to the scaffolds for
12 days and the percent reduction of Alamar blue in the group with coating had an increasing trend, though lower than the control.
Immunostaining showed that the cells on scaffold with coating expressed sarcomeric alpha-actinin. Both SEM and immunostaining analysis
demonstrated that the cardiomyocytes aligned themselves with the fiber orientation of the mats. Further optimization can potentially develop
conductive mats that can be used to enhance cardiomyocytes beating propagation in cardiac regeneration.
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1 Hour Fabrication of Precision Spheroids with Gelatin-based Method: Giant to Fine and Cylinder to Sheet
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Human tissues and organs are three-dimensional. In the tissue and organ, 3D cell communications are very important for cell functions via
specific gene expression. 3D cell culture, so called spheroid, is an in vitro model of tissue and organ. The conventional spheroid has been
“spherical” shape because it is formed by the spontaneous cell-cell interaction with low attachment surface for several days.
We proposed “precision spheroids” that have designer shape and size and are made within about 1 hour using gelatin. We fabricated a
giant cylindrical spheroid with over 1 cm in length and 500 µm in width, a fine cylindrical spheroid with 150 µm in width, and a straw like
spheroid. By the same method, we also fabricated a designer cell sheet such as square and star shape with less than 100 µm thick. The
precision spheroids could be formed using all cell lines tested by us including MDA-MB-231 cells that do not form spontaneous spheroids.
The precision spheroids were applied to two cancer cell migration assays. Firstly, epithelial mesenchymal transition by TGF-beta braked
down the precision spheroids made of MDA-MB-231 cells, whereas TGF-beta receptor kinase inhibitor, SB431542, prevented the brake down.
Secondly, the straw like spheroids made of MCF7 cells including fully differentiated adipocytes in the tunnel of spheroids were braked down,
whereas the spheroids including undifferentiated pre-adipocyte were not. We considered that the migration of cancer cells was dependent of
fatty acids from adipocytes because the fatty acid related genes of MCF7 highly expressed.

273

a92131

01-P554

Fabrication of endothelialized multilayer hydrogels for continuous perfusion within PDMS bioreactors based on
3D printing
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The aim of tissue engineering is to achieve artificial tissues or organs with complex functions for tissue repair, disease modeling and drug
screening for pharmacology purposes through a combination of desired cell types, bioactive molecules and biomaterials. However, most of the
engineered tissue constructs based on conventional strategies face to the issue of quite thin or small volume of the constructs. This is
attributed to the situation that cells inside bulky biomaterials can receive enough nutrients and oxygen transport by diffusion from limited
distances. Therefore, to exceed the diffusion limitation, there is a desire to develop functional volumetric and biomimetic vasculature within the
constructs, which is able to provide sufficient nutrients and oxygen through perfusion finally independent from diffusion. This study developed a
novel strategy in combination of 3D printing technology to create customized multilayer hydrogel constructs with vascular networks in
Polydimethysiloxane (PDMS) bioreactors, in which the vascular networks could be directly connected to continuous perfusion system without
additive constructs assembling. Multilayer vessel constructs, which physiologically mimicked the natural structures of the vascular wall of
arteries or veins, were fabricated with cell-laden fibrin gels in 3D-customized PDMS bioreactors. This work demonstrates a rapid, cost-effective,
and practical method to fabricate customized 3D-culture bioreactors that favors the formation of multilayer vascular models. Based on 3D
printing technique, length of constructs, thickness of each layer, diameter of inner lumen and the whole vessel constructs were easily designed
and controlled. The ready-to-use bioreactor with hydrogel constructs could potentially be used in biomedical applications including prevascularization for bigger constructs engineering, study of vascular biology, and developing in vitro models for cancer metastasis.
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Current models for cancer research and drug discovery lack of physiological relevance to in vivo conditions. Three-dimensional (3D) cell
cultures have raised as an interesting system to bridge the gap between conventional monolayer cultures and in vivo models, providing a
cellular environment more consistent that in vivo.
In this study, we investigated the porosity and interconnectivity properties, and the in vitro biocompatibility and spheroid forming potential of a
gelatin-based hydrogel prepared by freeze-drying process following by a chemical treatment based in molecular imprinting technology (MIT).
The colon carcinoma cell line HT29-MTX was used as a model.
The use of freeze-drying and MIT generated a 3D structure highly porous and well interconnected. The porosity and 3D structure were carried
out by Scanning Electronic Microscopy (SEM) and Confocal microscopy using rhodamine B staining method. The average pore diameter was
100 µm. The resultant hydrogel could be sterilized by steam sterilization. The hydrogels were found to be biocompatible using MTT assay in
HT29-MTX cell cultures. In order to evaluate spheroids formation, cell suspensions were injected into the hydrogel and cultured by 5, 10, 20,
30, and 45 days. To evaluate spheroid formation into hydrogel, optical microscopy was employed. The HT29-MTX cells begin to form
multicellular aggregates with spheroid-like morphology since the first days of seeding, maintaining an average size (100 µm) but growing in
number.
The very encouraging preliminary results from our in vitro studies suggested that gelatin-hydrogel is a potential 3D technology that allowed
cell aggregation in a spheroids-like morphology, maintaining long-term viability. Future work will focus on spheroid characterization.
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Photocurable Gelatins for Corneal Repair
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Tissue engineering requires the implantation of cells along with a supportive scaffold. As such, degradable support scaffolds that are amenable
to minimally invasive implantation are attractive. With this in mind, we have explored the use of phototriggered thiol-ene reactions as a method
to produce injectable and photocurable cell supportive scaffolds that can be used in the repair of damaged cornea.
Vinyl functionalised gelatines were produced from gelatine and vinyl anhydrides (eg: acrylate and pentanoic anhydride).1 Light triggered thiolene reactions were used to crosslink the vinyl functionalised gelatines with multifunctional thiols included thiolated gelatine. The rheological
properties of the precursor formulations as well as the final gels and their cure profiles were measured using photorheology. The effect of
solids content, ratio of components and light intensity were investigated. The water content, optical transparency and mechanical properties
and microscopic morphologies of the gels were also measured. The ability of bovine corneal endothelial cells (bCECs) and fibroblast cells
(L929) to grow within the gels was investigated. Finally, the gels were investigated in the repair of focal corneal defects in rabbit model.
Thiol-ene crosslinked gelatines were able to be cured within 2 min of exposure to 365nm light resulting in optically transparent gels with
water contents about 80-85%. The resulting soft gels possessed high viability of both L929 and bCECs (>80%). The mechanical properties of
the gels could be tuned by altering the feed ratio of the components and the light intensity used during the cure. Gel filled corneal focal
defects exhibited faster epithelial overgrowth and less scaring than equivalent defects that were allowed to heal naturally.
Phototriggered thiol-ene reactions are rapid and facile methods of crosslinking gelatines. They resulted in transparent gel with mechanical
properties suitable for soft tissue replacements. Moreover, they could be cured in the presence of cell and maintain high viability. The resulting
materials are promising candidates for repair of corneal focal defects.
Acknowledgement: This study is supported by Chinese Scholarship Council, the International Scientific and Technological Cooperation Project
(No. 2012DFB30020) and High-end Foreign Experts Recruitment Program (China, No.GDW20133300101).
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Optimizing A Three Dimensional In Vitro Intervertebral Disc Environment For The Co-Culture Of Human Nucleus
Pulposus Cells And Mesenchymal Stromal Cells
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Current clinical trials have attempted the injection of mesenchymal stromal cells (MSCs) into degenerated intervertebral discs (IVDs) to restore
height and function. However, retrieval of tissue for intensive characterization of the mechanisms behind any apparent regenerative effect is
very limited. In the present research study, a 3D culture system has been developed to act as an ex vivo model for the intervertebral disc that
mimics the native environment physically and chemically. Development of a 3D co-culture analogue will help to unravel the cell-cell signaling
between MSCs and nucleus pulposus (NP) cells in an in vitro setting.
Alginate constructs were created in two steps; alginate beads were extruded through a needle into a solution of 102mM CaCl2 and left to
crosslink for 10 minutes. The beads were rinsed in PBS and added in a 1:1 volumetric ratio to a solution of alginate, CaCO3 and Glucono-dellactone to create 3mm x 3mm cylindrical constructs with a central bead. To optimize culture medium, human NP cells were seeded onto polyl-lysine coated 96-well plates. Base media (DMEM-lg, 10% FBS, 1% ABAM) was combined with variations of pH, osmolarity and growth factors
(n = 6) to replicate healthy or degenerative conditions. Cells were cultured for 14 days in 5% O2 to determine ideal conditions for MSC:NPC
co-culture. Media reserved from the wells was analyzed for ECM and inflammatory factor content.
Overall, 1.2% alginate beads encased in 2% alginate showed 93% bead retention rate. Encapsulated hNPCs showed no migration and full
bead separation was achieved over 14 days, reinforcing the construct as a separable 3D co-culture method. The addition of the degenerative
growth factors TNFα and IL-1β as well as the adjustment of media pH to degenerative levels (pH 6.8) caused the hNPCs to decrease in size
and proliferate significantly higher than control levels. Stimulative factors such as increased osmolarity with the growth factor FGF-2 caused a
reduction in proliferation and a drastic morphology change whereas the addition of TGF-β3 under high osmolarity showed a moderate
increase in proliferation over control levels.
The results of this study indicate that the optimized alginate 3D construct is a feasible method to co-culture encapsulated cells while enabling
complete separation for ease of analysis. The addition of optimized media can further enhance the ability to accurately mimic in vivo
environments to replicate in vivo MSC-NPC interactions.
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Tunable cell encapsulating silk fibroin / collagen composite hydrogels  
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Ultrasonicated silk fibroin hydrogels have been considered as promising biomaterials for their ability to encapsulate stem cells for proper
delivery into the injured site. However, high mechanical properties and the lack of cell adhesive motifs in silk fibroin protein are a limitation for
wide application. Here, we presented silk fibroin / collagen composite hydrogels in which a simple incorporation of collagen helped to improve
the biological properties of silk fibroin. Besides, by combination of two proteins with different ratio, we are able to tune their stiffness ranging
from 0.1 to 20 kPa which covers matrix stiffness from soft to hard tissues. Moreover, the addition of collagen to silk fibroin hydrogel
significantly reduced the stress relaxation time - a parameter considered as beneficial for cell spreading and proliferation in hydrogel design.
Furthermore, our silk fibroin / collagen hydrogel was highly elastic and could support higher deformation compared to pure silk fibroin
hydrogels, which are commonly brittle at low strains. Human mesenchymal stem cells (hMSC) cultured on the hybrid hydrogels adhered and
spread better compared to those on silk fibroin hydrogels due to the presence of cell adhesion sites provided by collagen. Thus, cell-laden
hydrogels preserved hMSC viability and proliferation in 3D cultures. These results suggest that the silk fibroin / collagen hydrogels may be
considered for the appropriate delivery of stem cells thanks to the improvement in the physical and biological properties and thus find wider
application in tissue engineering.
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Design and characterization of a novel alginate 3D co-culture method for use in cell-cell interaction studies

Emily Ann Growney Kalaf，Frank P Barry
Regenerative Medicine Institute, National University of Ireland Galway

Alginate is a highly tailorable biomaterial that has the ability to polymerize in the presence of divalent cations such as Ca2+. By limiting access
or adjusting the rate of Ca2+ access, alginate is able to form various geometries before crosslinking dependent on the concentrations of the
crosslinking catalyst. In this study, a dual-layered crosslinking strategy involving both internal and external gelation is employed to develop a
novel co-culture method for separately encapsulating groups of cells or varying alginate concentrations for drug delivery.
Alginate beads at 1.2% and 2% (w/v PBS) concentrations were crosslinked by external ionic gelation using varying needle sizes (26G½, 27G½,
30G½). The alginate solution was extruded through a syringe at a 20 cm working distance into a solution of 10% CaCl2 with a stir speed of
200 RPM. Externally-gelled beads were crosslinked for 10 minutes, followed by 4 x 5 minute PBS soaks to remove excess calcium ions from the
bead boundary. Rinsed alginate beads were added in a 1:1 volumetric ratio to uncrosslinked alginate at 1.2% or 2% concentrations. The
alginate-bead solution was then internally gelled using a 1:2 molar ratio of CaCO3 and D-(+)-glucono- δ -lactone, creating a dual-layer alginate
consisting of an alginate bead surrounded by a secondary alginate layer. Uniform alginate geometries were created by two methods;
crosslinking between two glass platens with 3mm spacers or by pulling into a 3mm diameter tube. The alginate beads, cylinders, and
combinations of each concentration were soaked in PBS for a period of 28 days during which swelling was analyzed by ImageJ, and retrieval of
the beads as well as spontaneous extrusion of the beads from the cylinders was noted.
Initial diameter of the beads was determined to be dependent on the needle gauge. The two methods of uniform geometry creation resulted
in similar constructs; however, the tube extrusion technique proved to be far more effective of a full constraint mechanism. The data suggests a
combination of 26G½ beads within 1.2% alginate, created by the tube extrusion technique. This combination resulted in a 1:1 volumetric ratio
of alginate between the bead and the surrounding cylinder, with minimal spontaneous bead extrusion. Using a combination of crosslinking
strategies, the constructs can be tailored toward mechanical and physical properties ideal for the culture of various cell lines.
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Hydrolyzed Collagen Promotes Viability Increase in Stem Cells Cultivated in Alginate Hydrogels
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1
Hematology and Stem Cell Laboratory, Faculty of Pharmacy, Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, Brazil，2Postgraduate Program in Physiology, UFRGS, Porto
Alegre, RS, Brazil，3Stem Cell Research Institute (Instituto de Pesquisa com Células-tronco), Porto Alegre, RS, Brazil

Hydrogels and mesenchymal stem cells (MSCs) are studied due to their potential applications in regenerative medicine. The aim of this
research has been to investigate which collagen concentrations in alginate are suitable for MSC cultivation as a strategy in regenerative
medicine. MSCs were isolated from human deciduous teeth and cultivated in a concentration of 200,000 cells/well. Cell viability was assessed
by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) test and cytotoxicity was analyzed by lactate dehydrogenase (LDH)
assay, after three days of cell cultivation. The MSCs were cultivated in a medium with 0, 3.75, 7.5 or 10% (w/v) of hydrolyzed collagen in 1%
alginate hydrogels crosslinked with 50mM of CaCl2, for 30 minutes. The results showed that mean of the normalized viable cells was of 100%
and the standard error of the mean (SEM) was 7% when the cells were cultivated in 1% alginate without collagen (control); at a concentration
of 3.75, 7.5 and 10% hydrolyzed collagen in 1% alginate, cell viability was higher, with values of 129% ±8 (p=.002), 122% ±5 (p=.023) and
134% ±5 (p=.000), respectively. The averages ± SEM concentration of LDH released were 152±8, 142±5, 148±4 and 157±1 U/L at 0, 3.75,
7.5 and 10% collagen, respectively, without significant statistical difference of the LDH leakage between the control and collagen treatment
(ps>0.05). In conclusion, hydrolyzed collagen associated with alginate hydrogels provided a three-dimensional matrix in which the MSCs were
able to increase their viability. The scaffolds did not exhibit cytotoxicity, which also suggests they have pertinent characteristics for future use in
tissue engineering applied to regenerative medicine. It can be concluded that these hydrogels could be used in the restoration of
morphological or functional functions of tissue, such as cartilage, bone, and skin.
Acknowledgments: MCTI, FINEP, CNPq and Stem Cell Research Institute.
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A 3D Enzymatically Crosslinked Hydrogel Promotes Human Adipose-Derived Stem Cell Spheroids Proliferation
and Differentiation
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Human adipose-derived stem cells (hASCs), an abundant source of mesenchymal stem cells (MSCs), not only can differentiate into multiple
lineages but also have the potential of transdifferentiation. However, the expression of pluripotency markers which is important for the renewal
and differentiation capabilities of hASCs are detected only in the early passages. Accumulating evidence have proved that cells aggregated to
form cell spheroids in 3D cell culture, cells mimic the better in vivo microenvironment and could maintain the expression of stemness markers.
In this study, gelatin hydrogel crosslinked with microbial transglutaminase (mTG) which is a kind of enzyme that performs high specific activity
over a wide range of temperature and pH. In addition, enzymatic crosslinking reaction is milder than physical and chemical methods which may
lead to cell death. hASC spheroids formed by seeding cells in the agarose microwells plate, followed by the examination of the pluripotency
genes markers expression in spheroids. The properties of gelatin/mTG hydrogel was evaluated including the gelatin time, crosslinking extent,
mechanical strength and enzymatic degradation test. To investigate the performance of spheroids in the 3D hydrogel, after the spheroids were
encapsulated and cultured in the hydrogel, cell cytotoxicity, proliferation and differentiation potential were assessed.
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Phenotype Controlled Macrophage Laden Gelatin Hydrogels for Controlling Integration of Engineered Tissues
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Innate immune response to engineered tissues is an important determinant of their functional integration. Macrophages play an important role
in the initial pro-inflammatory response (M1) and also in the resolution of the immune response (M2) through their phenotypic plasticity. Thus,
incorporation of phenotype controlled macrophages into the engineered tissues can provide a microenvironment that is more conducive to
healing and integration. To demonstrate the potential benefits of macrophage presence, we encapsulated naïve or activated macrophages in
enzymatically crosslinked gelatin hydrogels and demonstrated the effect of the encapsulated cells on incoming monocytes, vascular endothelial
cells and fibroblasts in order to mimic the sequence of events during wound healing over a 14 days period. M1 phenotype induction of the
encapsulated macrophages resulted in a significant boost (between 2 to 4 fold) of both pro- and anti-inflammatory cytokine secretion (IL-1beta,
TNF-alpha, IL-1RA, CCL-18 and IL-10) together with a denser cellular layer on the hydrogels for both fibroblasts and endothelial cells (1).
Induction of M2 phenotype by IL-4 supplementation resulted in clustering of macrophages within the hydrogel and decreased pro-inflammatory
marker gene expression (CD86, STAT-1, TNF-alpha) (2). M2 phenotype induction of the encapsulated macrophages also significantly altered
the attached incoming cell morphology and increased IL1-RA and CCL-18 secretion. Our results demonstrate that phenotype controlled
macrophage containing hydrogels can be used to alter the behavior of incoming cells and also the local cytokine microenvironment which can
be harnessed to exert control over the integration of engineered tissues.
References:
1) Dollinger et al. Journal of Tissue Engineering and Regenerative Medicine, 2018, in press (DOI: 10.1002/term.2458).
2) Knopf-Marques et al. ACS Omega, 2, 918, 2017.
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Structural analysis of PEG-fibrin conjugates and their influence on cell behavior
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For several decades, extracellular matrices derived from different sources have been used to support 3D growth of cells. Among them, fibrin is
common, but it has high degradation rate and opacity. To overcome them, we can use chemical modification, i.e. PEGylation. This provides
well-tailored cell-biomaterial interactions and enables the long-term cell cultivation. To precisely regulate these interactions, it is essential to
know the structure of the modified fibrin molecule because PEGylated proteins may change their native properties. Frisman et al. investigated
structural properties of fibrin conjugates via Michael-type addition of thiols to acrylate-functionalized PEG. However, this procedure is time- and
labor-consuming. We offer another type of PEGylation of fibrin, where NHS-functionalized PEG is used. Therefore, our study aimed to reveal the
structure of different modifications of fibrin and understand its influence on cell behavior that is critical to their successful implementation in
tissue engineering. We characterized the quaternary structure and oligomeric composition of pure and PEGylated fibrinogen in solution with
different PEG-fibrinogen molar ratios as well as 3D organization of corresponding gel structures of the modified fibrin. The scattering data were
analyzed using ATSAS software, which permitted us to estimate the radius of gyration, particle maximum size and excluded volume as well as
to construct 3D macromolecule models in solution and in gel form with the resolution of 20-30 Å. In particular, ab initio modeling provided us
with low resolution shapes of fibrinogen molecules in solution, and from the excluded volume of the particle envelopes it is possible to
determine the oligomeric composition of the particles in solution. The use of high resolution crystallographic structures of fibrinogen allowed us
to perform rigid body modelling in the case of oligomer formation and restore the mutual orientation of the oligomeric species. In addition, our
samples were characterized via atomic force microscopy that permitted us to achieve a clear picture of the surface structure. Therefore, all
data collected, incl. cell experiments, allowed us to reveal optimal composition, which is required for tailored gel formation with the needed
particle sizes and homogeneity level for successful cell encapsulation.
This work was supported by the Russian Foundation for Basic Research (16-02-00248 – gel optimization; 17-34-80151 – cell experiments).
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Using 3D collagen microfibers tissues to induce and maintain the functionality of both pre- and mature primary
adipocytes in long term cultures

Fiona Louis1，Shiro Kitano1，Shinji Irie1，Michiya Matsusaki1,2,3
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Adipose tissue regeneration is currently a competitive challenge for either cosmetic/pharmaceutical assays and plastic surgery purposes.
Conventional in vitro two-dimensional (2D) cell cultures using directly mature adipocytes (AD) showed limited culture time by quickly
dedifferentiating [1], while getting sufficiency matured AD by differentiating adipose derived stem cells (ADSC) usually required more than one
month [2]. The existing three-dimensional (3D) models accelerated the ADSC adipogenesis, but mature AD still cannot be maintained more
than one week in in vitro cultures [3].
In this context, we developed biomimetic 3D-tissues using high density collagen microfibers (until 20-30 wt%, similar to in vivo [4]) from
homogenized type I collagen mixed with mature AD or ADSC in 24 well transwells. These 3D-tissues ensured the long term maintenance of
unilocular mature AD (fat vesicle diameter of 53.9±7.8 µm at day 0 to 53.1±12.2 µm at day 14) with a viability of 95.6±1.9% at day 14. On
the contrary, 2D mature AD showed significantly 4.04 times smaller multiple vesicles. Concerning ADSC, 3D adipogenic genes expression was
found at least significantly doubled throughout the differentiation (even 8.3 times higher for GLUT4 at day 21), along with up to 3.7 times
bigger fat vesicles observed (9.9 ± 3.6 µm at day 14). Perilipin immunostaining and leptin secretion finally attested the functionality of both
adipocytes.
We thus developed an innovative method using collagen microfibers gels to construct 3D adipose tissues similar to in vivo. The obtained long
term functional maintenance and the faster adipogenesis make this model relevant for screening assays and reconstructive surgery.
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Tuning Biochemical and Mechanical Properties of 3D Hydrogel Tweak Stem and Cancer Cells Cross-talk
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Stem cells are largely considered as deadly offspring of tumors nowadays, working silently while regulating disease progression and metastasis.
Plenty of literatures identifies the cross-talk between the stem and cancer cells1, but petty hard evidence or models are available exploiting the
impact of this cross-talk. Therefore, an attempt is made to uncover the effect of biochemical and mechanical properties on proliferation and
spheroid formation ability of osteosarcoma cells in presence of adipose stem cells. Finding a biomimetic biomaterial to culture osteosarcoma
cells other than collagen has challenged the researchers. Silk is one of popular choice of biopolymer for bone tissue engineering2 and easily be
blended with other polymers, such as gellan gum. Blended hydrogels of silk - gellan gum with tunable chemical and mechanical properties are
synthesized for co-culturing human osteosarcoma (Saos2) and adipose derived stem cells (ADSCs). The constructs are then screened for
spheroid formation. The development of spheroids in selective hydrogel formulation is indicative of regulatory effect of biophysical cues in
cancer (spheroid) formation and progression. The heterogeneity lies within the present model (co-culture and blended matrix), highlights the
diversity of cancerous niche and is anticipated to evoke further study of screening of cancer chemotherapeutics, more precisely drugs targeted
to cancer niche.
Acknowledgement:
This work is supported by the European Union Framework Programme for Research and Innovation Horizon 2020 under grant agreement nº
668983 — FoReCaST. VM Correlo acknowledges Investigator FCT program (IF/01214/2014)
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2. Bhattacharjee P, Kundu B, Naskar D, Kim HW, Maiti TK, Bhattacharya D, Kundu SC. Silk
scaffolds in bone tissue engineering: An overview. Acta Biomaterialia 63, 1, 2017.
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Gelatin/Tyraminated Hyaluronic acid basedmembranes as a directional delivery system for 3D microenvironment
control in cell-laden hydrogels
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Delivery of bioactive molecules is of first interest in tissue engineering since they can activate specific cellular signaling pathways to promote
biological events such as angiogenesis or modulation of immune system. These molecules need to be released to the surrounding cells at a
desired time point and at a specific rate. Cells also need a specific microenvironment and for this reason, ECM components such as collagen,
gelatin or hyaluronic acid (HA) have been used to develop release platform 1.
Here we describe a detachable membrane based release system composed of extracellular matrix components that can be attached to
ahydrogels directly to get directional release of bioactive molecules at a desired time2. This membrane is an interpenetrating network of
double-crosslinked gelatin and tyraminated hyaluronic acid . It is crosslinked through two independent processes with gelatin crosslinked with
microbial transglutaminase and HA-tyramine through dimerization of tyramine to dityramine using horseradish peroxidase mediated reaction in
the presence of hydrogen peroxide.
It was shown that HA was well distributed in the film and the resulting gelatin/HA-tyramine membrane was stable up to 21 days. As a model
this release platform was used with vascular endothelial growth factor for angiogenesis and with Interleukin-4 for immunomodulation purposes.
The efficacy of the release platform towards these two bioactive molecules was demonstrated in vitro. The use of this VEGF loaded membrane
in combination with encapsulated vascular endothelial cells results in extensive sprouting. With IL-4 the use of the release platform in
combination with macrophages results in up-regulation of M2 macrophages (pro-healing) and a downregulation of M1 macrophages (proinflammatory).
Such auxiliary release systems can be used with tissue engineered structures to have more control over tissue growth and maturation via
directional release of growth factors/cytokines.
This project has received funding from the European Union’s FP7 grant agreement No 602694 (IMMODGEL) and Horizon 2020 grant
agreement No 760921 (PANBioRA)
1. Barthes et al. Biomaterials Science, 3, 9, 2015.
2. Knop-Marques H, Barthes J et al. ACS Omega, 2, 3, 2017.
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Effects of high molecular weight hyaluronan on immunomodulation
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Background: Hyaluronan (HA) is a glycosaminoglycan composed of alternate units of D-glucuronic acid and N-acetyl-D-glucosamine. HA as an
extracellular matrix component shows distinct biological effects depending on its molecular size and target cells in each tissue. Especially, high
molecular weight-HA (HMW-HA) is highly expressed not only in some normal tissues but also in immune-resistant tumor tissues, a physiological
relationship between HMW-HA and immunomodulation is expected. The objective of this work is to clarify effects of HMW-HA on
immunomodulation to apply its knowledge to allogenic cell and tissue grafting.
Methods: Two types of HA (HA200 and HA80, weight-average molecular weight [Mw] = approximately 2.0 × 106 and 8.0 × 105 Da,
respectively) were used. The effects of HAs on immunomodulation were verified by two kinds of in vitro experimental models using rat bone
marrow-derived mesenchymal stem/stromal cells (BMSCs) and human monocytic leukemia cell line THP-1 cells. Primary-cultured BMSCs in
DMEM supplemented with 10% FBS were seeded at a density of 5.0 × 104 cells/cm2 into 24-well culture plate, and stimulated for 24 h with
5.0 ng/mL TNF-α in the presence or absence of 5.0 mg/mL of each HA after cell attachment. Immature dendritic cells (DCs) were generated
from THP-1 (2.0 × 105 cells/mL) in RPMI 1640 medium containing 10% FBS, 5.0 ng/mL IL-4, and 5.0 ng/mL GM-CSF in culture flask. After
transferring into 24-well culture plate, cells (4.0 × 104 cells/mL) were exposed to each HA (5.0 mg/mL) for 24 h. The gene expression of
cytokines and co-stimulating factors in BMSCs and DCs was analyzed by RT-PCR.
Results and Conclusion: BMSCs as well as DCs are considered to be involved in regulation of immune response in local area of tissue. RT-PCR
analysis data demonstrated that cells exposed to HA 200 and HA 80 showed quite different behaviors on gene expression. HA200 rather than
HA80 induced the IL-10 gene expression related to regulatory T cell (Treg) activation in both TNF-α stimulated BMSCs and THP-1-derived DCs.
PDL2 expression suggesting a potential inactivation of naïve helper T cell (Th) was also enhanced only in DCs exposed to HA200. Thus, HMWHA is expected to behave a coordinator of moderation of immune reaction. These findings indicated that HMW-HA might to be able to be
utilized as an immunosuppressant in combination with implantation of allogeneic cell and tissue-engineered products.
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Synthesis of Silk Protein Conjugates for Mucoadhesive Applications
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Polymers that adhere to wet surfaces that are biocompatible, degradable, and devoid of animal-sourced materials are desired for applications
as tissue adhesives. Silk from the domesticated silkworm Bombyx mori is a naturally occurring biopolymer with charged hydrophilic terminal
regions that endcap a blocky core dominated by hydrophobic domains. Silk was selected for modification for use as an aqueous adhesive
because of its high molecular weight, tunable mechanical and degradation properties, aqueous processability, and for its hydrophobicity that
was envisioned to afford control over the mechanical properties and aqueous swelling of the modified biopolymers. This work sought to
exploit the unique structure and properties of this protein by synthesizing gels that are stable in an aqueous environment and adhere to
mucus-covered surfaces. To prepare adhesive hydrogel coatings that can be applied as a liquid and subsequently gel, silk was successfully
conjugated with tyramine, a phenol-containing compound capable of being oxidized to a catechol functional group using mushroom tyrosinase
(MT). As both aqueous and organic phase syntheses are possible with silk, several solvent systems were investigated to determine the
conditions that led to successful coupling without protein aggregation. The silk polymers were characterized to determine composition,
adhesive strength using lap shear measurements, cell compatibility and support of proliferation, and their ability to form beta sheets, which
physically crosslink silk. Importantly, the conjugation of tyramine showed no effect on silk’s ability to form beta sheets, which may be used to
further tune the material’s mechanical properties and degradation profile. These materials afford a new route to synthesize silk-based gels,
which we envision to have utility as biodegradable adhesives and sealants.
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Novel anti-adhesion devices using scaffold material for regenerative medicine: Development of thermally crosslinked gelatin film and its application
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To create more excellent anti-adhesion materials, we have developed thermally cross-linked gelatin film, using scaffold material for regenerative
medicine. We investigated its physical and biological properties, preclinical examination, and further applications, compared with conventional
anti-adhesion materials.
At first, we optimized the duration of thermal cross-linking for the gelatin film to show useful biodegradability and anti-adhesion effects. Next,
the physical tests such as tensile strength and adhesiveness showed that the gelatin film provide better handling than the conventional film,
particularly due to its physical strength. In the biological tests such as anti-adhesive effect using murine adhesion model, influence on fibroblast
cell proliferation, and cytotoxicity tests by colony or Live/Dead assays, the gelatin film showed significantly greater anti-adhesion effect than the
conventional film without any cytotoxicity. Furthermore, in the preclinical tests using canine adhesion or anastomosis models, the gelatin film
also showed superior anti-adhesion effect, involving excellent peritoneal regeneration, and could be used safety for the site of intestinal
anastomosis, in comparison with the conventional film.
Additionally, we have developed two type of applications of gelatin film. The former “two-layered gelatin sheet”, which composed of gelatin
film and gelatin sponge, showed both more excellent hemostatic and anti-adhesive effects, compared with the conventional materials. The
latter “gelatin flakes”, which composed of small fragments of gelatin sponge, could be used in laparoscopic surgery by spraying with excellent
anti-adhesive effects.
These results suggest that thermally cross-linked gelatin film and its applications are quite favorable as anti-adhesive materials.
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NF-κB signaling is key in the wound healing processes of silk fibroin
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Silk fibroin (SF) is a well-studied biomaterial for tissue engineering applications including wound healing. However, the signaling mechanisms
underlying the impact of SF on this phenomenon have not been determined. In this study, through microarray analysis, regulatory genes of NFĸB signaling were activated in SF-treated NIH3T3 cells along with other genes. Immunoblot analysis confirmed the activation of the NF-ĸB
signaling pathway as SF induced protein expression levels of IKKα, IKKβ, p65 and the degradation of I κ Bα. The treatment of NIH3T3 cells
with SF also increased the expression of cyclin D1, vimentin, fibronectin, and vascular endothelial growth factor (VEGF). The expression of
these factors by SF treatment was abrogated when NF-ĸB was inhibited by a pharmacological inhibitor Bay 11-7082. Knockdown of NF-ĸB
using siRNA of IKKα and IKKβ also inhibited the SF-induced wound healing response of the NIH3T3 cells in a wound scratch assay.
Collectively, these results indicated that SF-induced wound healing through the canonical NF-κB signaling pathway via regulation of the
expression of cyclin D1, vimentin, fibronectin, and VEGF by NIH3T3 cells. Using an in vivo study with partial-thickness excision wound in rats we
demonstrated that SF-induced wound healing via NF- κ B regulated proteins including cyclinD1, fibronectin, and VEGF. The in vitro and in vivo
data suggested that SF induced wound healing via modulation of NF-ĸB signaling regulated proteins.
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Tropical tasar silk protein sericin based matrices for skin tissue regeneration
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Formulating matrices to support and augment the process of regeneration entail appending the fundamentals of an artificial tissue within the
scaffolds at an affordable cost. Over the years, naturally obtained silk protein sericin is exploited as cosmetics constituent for its beneficial
properties (anti-oxidant, UV B protection and hydrophilicity). The effective and proficient nature of sericin make this water soluble protein a
promising biomaterial for tissue engineering and regenerative medicine. It also proves to be advantageous especially in skin repair and
restoration due to the above mentioned properties. Here, we fabricate nonmulberry tasar Antheraea mylitta sericin based porous hydrogels
(pore size; 57.23–75.22 μm) and nanofibrous matrices (fiber thickness; 80-400 nm) for skin reconstruction. Both kinds of matrices show
improved cellular adhesion, migration, proliferation and viability of human dermal fibroblasts and keratinocytes. These matrices don’t induce
any significant immune response of inflammatory cytokines and cause minimal hemolysis of human blood. The hydrogels retain the intrinsic
antioxidant and antibacterial characteristics. The in vivo study of hydrogels also exhibits minimal inflammation and good biocompatibility of the
matrices marking them potential as skin substitute. Cephalexin hydrate loaded sericin based nanofibrous matrices show enhanced healing of
wounds with minimal infection in vivo. The histological analysis reveals absolute restoration of the epidermal layer surrounded by dense
collagen filled dermis exhibiting the skin appendages. The in vitro and in vivo results validate the prospective wound dressing and skin
regeneration ability of this type of sericin based nanofibrous matrices and hydrogels, respectively.
Acknowledgments: Supported by Department of Biotechnology and Indian Council of Medical Research, Government of India.
Disclosure: No conflict of interest amongst authors.
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Photo-crosslinkable, injectable sericin hydrogel as 3D biomimetic extracellular matrix for minimally invasive
repair of cartilage

Lin Wang，Chao Qi，Jia Liu，Yang Jin，Luming Xu，Zheng Wang
Research Center for Tissue Engineering and Regenerative Medicine, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, China

Millions of patients worldwide suffer from cartilage injury and age/disease-related cartilage degeneration. However, cartilage, such as articular
cartilage, is poor at self-regeneration. Current treatments are often invasive with limited regenerative efficacy. Developing minimal invasive
strategies for effective cartilage repair is thus highly desired. Here, we report an injectable, photo-crosslinkable sericin hydrogel as a biomimetic
extracellular matrix for minimally invasive repair of cartilage. Sericin was functionalized to generate sericin methacryloyl (SerMA), which formed
an in situ photocross-linked hydrogel upon UV light irradiation. Possessing excellent biocompatibility, SerMA hydrogels were adhesive to
chondrocytes, and promoted the proliferation of attached chondrocytes even in a nutrition-lacking condition. Additionally, SerMA hydrogels
exhibited photoluminescent property allowing real-time monitoring of hydrogels’ status. The mechanical properties and degradation rates of
SerMA hydrogels were readily tunable by varying methacryloyl modification degrees to meet various repair requirements. Notably, the in vivo
implantation of chondrocyte-laden SerMA hydrogels effectively formed artificial cartilages after 8 weeks. Most importantly, the artificial
cartilages molecularly resembled native cartilage evidenced by high accumulation of cartilage-specific ECM components and upregulated
expression of cartilage-critical genes. Together, these results suggest this type of sericin hydrogel may serve as a promising tissue engineering
scaffold for effective, minimally invasive repair of injured cartilage.
References:
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In order to create more excellent anti-adhesion materials, we developed a thermally cross-linked gelatin film. The purpose of this study is to
reveal the handling properties by examining the physical properties of the film such as the physical strength and the adhesiveness to tissues.
Moreover, in order to reveal the anti-adhesion mechanism, we examined the biological properties such as the anti-adhesion effect, the
influence on cell proliferation and the cytotoxicity, especially in comparison with the conventional hyaluronic acid and carboxymethylcellulose
film (the conventional film).
A tensile test under dry and wet conditions and shearing stress test showed that the gelatin film has significant higher maximum tensile stress
and fracture strain than the conventional film. The anti-adhesion effect of the gelatin film was significantly superior to that of the conventional
film with excellent peritoneal regeneration. In the cell proliferation test, the number of fibroblast cells on the gelatin film increased at each time
point, while no cell proliferation was observed on the conventional film. Furthermore, in the cytotoxicity test using a colony assay and Live/
Dead assay, the extract of the gelatin film had no cytotoxicity, while the extract of the conventional film had cytotoxicity considerably.
Therefore, the gelatin film provides better handling than the conventional film, due to better physical strength and ductility of the film. In
addition, the gelatin film has a significantly greater anti-adhesion effect than the conventional film without any cytotoxicity.
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Retinoic acid/ silk fibroin Film for Cornea Tissue Engineering Applications

Eunyeong Shin，Han Sol Kim，Yong Woon Jeong，Jeong Eun Song，Gilson Khang
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Silk fibroin (SF) is a natural material and it has various properties such as biocompatible, biodegradable, flexible, and transparent. Silk has good
cell proliferation, so it can be used to regenerate corneal endothelial cells. Retinoic acid (RA) is a metabolite of vitamin A that mediates the
functions of vitamin A required for growth and development. It is a good material for cell proliferation. Thus, this study was used RA/ SF
scaffold for corneal endothelial cell regeneration. RA/SF Scaffolds were fabricated with 0, 25, 50, 75 and 100μM RA. In vitro biological
compatibility was studied using rabbit corneal endothelial cells (rCEnC) as model. The properties of RA/SF films were analyzed using MTT,
reverse transcription polymerase chain reaction (RT-PCR), initial density (ID), and transparency, contact angle, scanning electron microscope
(SEM). Overall results showed that incorporation of 75μM RA/SF can be positively applied as suitable alternative for high level corneal
endothelial cell expansion and transplantation.
Acknowledgment: This research was supported by Basic Science Research Program (NRF-2017R1A2B3010270) through the National Research
Foundation of Korea (NRF) funded by the Ministry of Science, ICT & Future Planning
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A Highly Bioactive Nanofibrous System for on-site Delivery of Endothelial Progenitor Cells with Rapid
Angiogenesis Promotes Wound Healing

Cong Mao，Chenggui Wang，Xuazi Xu
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Wounds therapy with a rapid healing performance remains a critical clinical challenge. Cell therapy is considered to be a promising approach
to improve the efficiency of healing, yet problems such as compromised cell viability and functionality arose due to the inappropriate delivery
methods. Therefore, in this study, a nanofibrous scaffold (CPB) composed of collagen, polycaprolactone (PCL) and bioactive glass nanoparticles
(BGNs), was constructed for efficient delivery of endothelial progenitor cells (EPCs) and enhancing wound healing. The CPB scaffolds possessed
excellent porosity with uniform size and good cytocompatibility. With the stimulation of CPB, the viability and angiogenic ability of EPCs were
significantly enhanced through activation of Hif-1α/VEGF/ SDF-1α signaling when compared to CP nanofibers. In vivo, CPB/EPCs constructs
significantly enhanced the formation of high density blood vessels, through greatly upregulating the expressions of Hif-1α, VEGF and SDF-1α.
Moreover, due to the increased cell homing and fast neovascularization within the wound site, the cell proliferative activity, granulation tissue
formation, collagen synthesis and deposition, were greatly promoted by CPB/EPCs constructs, resulting in fast re-epithelialization speed and
skin appendages regeneration. Furthermore, CPB/EPCs constructs displayed higher healing efficiency than CP/EPCs graft and CPB alone,
suggesting that the viability and angiogenic ability of EPCs activated by CPB scaffold could be maintained after they were delivered to the
wound site. Taken all these results together, it is well illustrated that this biocompatible CPB scaffolds can be used as a promising cell delivery
system for stem cell transplantation therapies in wound healing.

284

a91439

SYIS PA-2

Reversal of natural chondrocyte aging through modulating cell morphology in a condensation-simulating process
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INTRODUCTION: The mechanism of chondrocyte senescence and function loss due to natural host aging is not clear, and no proven approach
exists to reverse their state and restore their regenerative potential. In this study, we hypothesized that natural chondrocyte aging is
accompanied by a change of cytoskeletal architecture and morphology, and therefore modulating cell morphology through a condensation-like
process will reverse aged chondrocytes back to a phenotypic state comparable to that of young chondrocytes.
METHODS: Human chondrocytes were isolated from articular cartilage harvested from healthy young (<30 years) and old (>60 years) donors
with IRB approval. We first characterized the proliferative activity, chondrogenic phenotype, and response to transforming growth factor β3
(TGF-β3) in young and aged chondrocytes. Then, the aged chondrocytes were rejuvenated via suspension culture in agarose, in which cells
were forced to adopt a round morphology, mimicking a condensation-like process. The cartilage formation capability of the untreated aged
chondrocytes and the “rejuvenated” chondrocytes were assessed by seeding the cells in a photocrosslinked gelatin hydrogel scaffold
developed in our laboratory. [1]
RESULTS: Compared to chondrocytes from young donors, aged chondrocytes displayed prominent cytoskeleton, enlarged cell body with a flat
morphology, as well as reduced cartilage formation capacity. After morphology modulation by a condensation-like process, aged chondrocytes
displayed smaller extension than untreated cells. "Rejuvenated" chondrocytes also displayed enhanced replicative capacity, improved
chondrogenic gene expression, and suppressed dedifferentiation. Interestingly, rejuvenated chondrocytes generated better cartilage in 3D
photocrosslinked gelatin hydrogel scaffold both in vitro and in vivo. Westernblot results further indicated that this novel morphology
modulation process enhanced RhoA and inhibited p-ERK1/2 level, and finally leading to the increased expression of SOX9. In summary, we
reported a robust method to reverse chondrocyte aging via 3D modulation of cell morphology, which enhances the regenerative potential of
aged chondrocytes, and may allow the application of autologous chondrocyte implantation (ACI) in the aged population.
REFERENCES: [1] Biomaterials. 2013;34(2):331-9.
ACKNOLEDGEMENT: Supported by NIH Pepper Grant (P30AG024827), NIH (1R21AG056819), Pittsburgh Foundation, and China NSFC (No.
81501074. H.S.).
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Bi-Content Micro-Collagen Chip Provides Contractility-Based Biomechanical Readout for Phenotypic Drug
Screening with Expanded and Profiled Targets
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Phenotypic screening regains new momentum in pharmaceutical industry owing to its exceeded success over target-based screenings. Most
phenotypic screenings rely on nonspecific biochemical readout regarding cellular viability which hampers the discovery of novel druggable
mechanism of actions (MOAs). Here we present Contractility-based bi-Content micro-Collagen Chip (3CChip), which innovates cellular
contractility as a biomechanics-related phenotype for drug screening. Bi-content analysis on cell contractility (imaged by iPhone) and viability
suggests that the label-free contractility-based analysis exhibits superior sensitivity to compounds targeting contractile elements (e.g. focal
adhesion, cytoskeleton), resulting in enlarged target pool for drug assessment. Six typical readout patterns of drug response are summarized
according to relative positions of contraction/viability curves and drug targets are profiled into three categories (biomechanical, biochemical
and house-keeping) by 3CChip, which would benefit subsequent target identification. The simple-to-use and effective 3CChip offers a robust
platform for micro-tissue-based functional screening and may lead to a new era of mechanism-informed phenotypic drug discovery.

285

a92504

SYIS PA-4

Recapitulating the Epithelium in Engineered Tracheas
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No effective, long-term replacement currently exists for long-segment damage to the trachea. Prior attempts often fail to recapitulate the
functional epithelial lining of the airway, thereby contributing to graft failure. Poor epithelialization of grafts is caused by a lack of vasculature to
support epithelial ingrowth, or they are seeded with a poorly-defined mixed population of epithelial cells that fail to consistently regenerate the
epithelium. We address both of these limitations in our new tracheal graft by using a pro-angiogenic material, combined with a rapidlyexpanding and highly plastic population of airway basal cells.
Our tissue-stent biocomposite tracheas (TBSTs) were generated by culturing smooth muscle cells (SMCs) on polyglycolic acid (PGA) around a
polymer stent. The SMCs were induced to turn over the PGA into collagenous matrix over a specified culture period before being
decellularized. The resulting natural matrix encourages significant vascularization in 7 days by chick chorioallantoic membrane assay, and upon
implantation in rat and non-human primate (NHP). The TBSTs were implanted acellularly in our first round of testing and while they encouraged
vascular ingrowth, the graft did not fully epithelialize1.
To address this issue, we are introducing primary progenitors of the airway epithelium, or basal cells, in this newly vascularized environment to
recapitulate functional epithelium in our grafts. We developed novel isolation protocols for rat and NHP basal cells using a selective media Epix
(Propagenix Inc.) that conditionally reprograms cells to a more proliferative state for rapid expansion. Epix also selects for a highly plastic K5+/
p63+ population of basal cells that is able to consistently regenerate all cell types of tracheal epithelium. We have tested this differentiation
capacity in both 3D organoid and air-liquid interface cultures, where our basal cells can self-renew and differentiate into mature ciliated
(Tub1a+, FOXJ1+) and secretory (Muc5AC+, CCSP+) cells as evidenced by staining, gene expression, and SEM.
Our angiogenic TBSTs combined with highly expandable and plastic basal cells will alleviate two major limitations in the field of tracheal
engineering, enabling the development of a functional graft.
References:
1. Zhao L, et al. Engineered Tissue-Stent Biocomposites as Tracheal Replacements. Tissue Engineering: Part A 22, 1086, 2016.
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The use of nanocarriers for an improved muscle regeneration
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To exploit the large potential of nano-medicinal techniques, the development and investigation of state-of-the-art drug delivery nanoparticles is
required. Differentiated muscles cannot regenerate unless their satellite cells are activated through injury and start developing a new
generation of muscle precursor cells (MPCs). These cells are then able to proliferate and build new muscle fibers. However, their use for
muscle transplantations remains problematic since cells face a rather not-preferential environment after transplantation.
The use of lipid-based nanoparticles for the delivery of bio-macromolecules has attracted considerable attention due to the current interest in
protein-based therapeutics. Cubosomes protect the incorporated therapeutics, which are susceptible to degradation by enzymes, thereby
improving their bioavailability and enhance cellular uptake.
One of the first bottlenecks in tissue engineering is the sufficient supply with nutrients and oxygen in the environment where the transplanted
cells and tissue should develop.
We aim to improve MPC survival under hypoxic conditions by treating them with cubosomes that are loaded with pyridine-derived peroxide.
The cubosome nanoparticles presented herein were successfully synthesized and loaded with a water-soluble methylated pyridine-derived
endoperoxide, that undergoes a retro-Diels-Alder reaction when exposed to aqueous environment releasing oxygen and providing strongly
needed substances to the MPCs. Previous experiments showed that cubosomes are able to increase cellular uptake up to 10 fold, rescue
disease phenotypes and remain longer in the endo-lysosomal pathway while no impact was seen on cell viability and proliferation.
Cell viability under hypoxic conditions seems improved with cubosome treatment prior to the exposure to hypoxia compared to untreated
samples. Analysis of protein expression by WES showed a significant difference in Hif1α expression in cubosome treated samples under
hypoxic conditions compared to untreated samples. Interestingly, we observed an increased expression of desmin under hypoxic conditions
after cubosome treatment while Pax7 remained unchanged.
The data presented here provides first insights into the use of cubosomes as a delivery system to overcome the limitations of suboptimal
conditions after muscle injury. They present a promising approach to support the integration of MPCs into the damaged area for better
regeneration.
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Background. Wound healing in skeletal muscle leads to tissue regeneration or the formation of fibrotic scar tissue and is dependent on the
interactions between fibroblasts, myofibroblasts, myogenic cells, and cytokines, such as TGF-β1. Many recapitulations of the in vivo myogenic
tissue regeneration environment use simplified in vitro models lacking 3D tissue structure and cellular complexity. The objective of this study
was to establish a 3D co-culture model of skeletal muscle fascicles through inclusion of multiple cell types found in the tissue niche and
mimicking wound healing paradigms.
Methods. Three culture systems were compared: cell monolayers grown on 2D dishes and 3D tissues prepared from self-assembly or collagen
1-based hydrogels. The myogenic impact of TGF-β1 and mono-/co-culture strategies containing human dermal fibroblasts, myofibroblasts, and
C2C12 mouse myoblasts was assessed in 2D and 3D. qPCR identified gene expression changes during fibroblast to myofibroblast and
myoblast differentiation between culture conditions. Changes to cell phenotype and tissue morphology were characterized via immunostaining
for myosin heavy chain, procollagen, and α-smooth muscle actin. Elastic moduli were measured with compression and atomic force
microscopy systems, and a slack test was used to quantify differences in tissue architecture and integrity.
Results. TGF-β1 improved myogenesis in 3D mono- and co-cultures, but not in 2D. The 3D TGF-β1-treated co-culture demonstrated the
highest myogenin and collagen 1 gene expression, indicating that the inclusion of myofibroblasts significantly enhanced myogenesis beyond the
capacity of fibroblasts or TGF-β1 in monocultures of myoblasts. These constructs had the greatest tissue stability, integrity, and muscle fiber
organization, as demonstrated by their rapid and sustained shortening velocity during slack tests, and the highest Young's modulus of 6.55kPa.
Both self-assembled and hydrogel-based tissues yielded the most multinucleated, elongated, and aligned muscle fiber histology. In contrast, the
equivalent 2D co-culture with TGF-β1 completely lacked myotube formation through suppression of myogenin.
Discussion. These results demonstrate that our 3D co-culture model treated with TGF-β1 more closely mimics myogenesis in vitro than 2D or
monoculture systems. Critically, this study highlights the impact of TGF-β1 and myofibroblasts as myogenesis accelerators across multiple
tissue engineering platforms.
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The effect of combined application of calcium polyphosphate granules and bFGF fibrin glue for tendon-bone
healing in the tibial tunnel in a rabbit ACL reconstruction model
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Objective This study was designed to investigate the effect of combined application of calcium polyphosphate granules and bFGF fibrin glue
for tendon-bone healing in a rabbit ACL reconstruction mode.
Methods Seventy-two male New Zealand white rabbit were divided into 4 groups (n=18 for each group) to receive bilateral ACL
reconstruction using the long digital extensor tendon autograft: Group A (Nothing added into the tendon-bone interface), group B (CPP
granules and fibrin glue without bFGF), group C (bFGF 600 mg/ml in fibrin glue), and group D (CPP granules and bFGF 600 mg/ml in fibrin
glue). The decalcified histological sections were stained with Hematoxylin-Eosin, Masson and safranin O for histological scoring.
Immunohistochemical stain of Col-I, Col-II, VEGF and OCN were done.
Results
Histological results indicated that the quality of tendon-bone healing in group B and D were better among groups. Immunohistochemical
analysis showed high express of VEGF in group C and D, and high express of OCN and Col-I in group B and D. The BMD values were higher in
group B and D. Micro-CT showed peri-graft bone mass and microarchitecture in group D were higher than the other groups. The ultimate
failure load and stiffness of group D were the highest among the four groups at week 6 after surgery.
Conclusion
The bFGF, CPP and combined use of them could significantly improve tendon-bone healing in the tibial tunnel and promoted osteogenesis and
fiber connection at the tendon-bone interface after ACL reconstruction in the rabbit model.
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Introduction The effectiveness of controlled release of biological molecules has been reported in tissue engineering. We have reported the
acceleration of peripheral nerve regeneration using a biodegradable nerve conduit with basic fibroblast growth factor (bFGF) incorporated
gelatin hydrogels. In recent year, development of the drug delivery system (DDS) makes it possible to release multiple biological molecules
simultaneously. In this study, we investigated the effect of the nerve conduit coated with bFGF and SDF-1 incorporated into gelatin hydrogels
for peripheral nerve regeneration.
Materials and Methods We used a biodegradable nerve conduit composed with a poly l-lactide (PLA) and poly ε -caprolactone (PCL) to repair
sciatic nerve gaps in C57BL6 mice. The mice were randomized into five experimental groups as follows: (1) conduits alone without bFGF and
SDF-1 (C group), (2) conduits with bFGF incorporated gelatin hydrogels (F group), (3) conduits with SDF-1 incorporated gelatin hydrogels (S
group), (4) conduits with both bFGF and SDF-1 incorporated gelatin hydrogels (FS group), (5) autogenous nerve grafts (A group). We assessed
the nerve regeneration and angiogenesis with functional recovery and histological analysis at 12 weeks after surgery. We also analyzed genes
expression of IL-6, IL-10, TNFα and TGFβ using real time RT-PCR at 3, 7 and 21 days after the surgery.
Results The functional recovery and peripheral nerve regeneration were significantly enhanced in FS group in comparison with C group, F
group and S group. Numerous micro vessels were also seen in FS group. The gene expression level of TGFβ at 3 days after the surgery was
elevated in FS group.
Discussion The combination of SDF-1 which is one of the most potent chemokines for stem cell recruitment and bFGF which promotes axonal
and angiogenesis strongly accelerated peripheral nerve regeneration. Nerve conduit with dual controlled release of biological molecules is one
of the attractive strategies to induce tissue regeneration.
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Tissue engineering strategies showed successful management of bone defects with stem cells and scaffolding materials to develop boneanalogous constructs (1). Several in vitro studies have shown that hydroxyapatite derived from fish bone exhibits enhanced osteogenic
potential compared to synthetically derived hydroxyapatite. This study compared the bone regeneration of fish bone derived hydroxyapatite
(FHA) alone and in combination with mesenchymal stem cells (MSCs) in the rabbit femoral condyle bone defects. The study was conducted in
the femoral condyle of fifteen New Zealand white rabbits. A total of 30 defects (5 mm in diameter, 8 mm in depth) were created, in either side
of the condyle of femoral bone. Defects were randomly assigned to 3 groups: (1) FHA+ MSCs, (2) FHA, and (3) Unfilled defect (control). The
bone volume, bone mineral density and the remaining graft particles were assessed using micro CT and histologically after 8 weeks of healing.
The values were tabulated and analyzed statistically. The bone healing seen in both defects filled with FHA and FHA+MSCs were compared to
the control group. Micro CT showed significantly higher bone volume and bone mineral density in the defects filled with FHA in combination
with MSCs (P<0.05). Quantitative analysis of the histologic sections also showed significantly higher bone volume in the defects filled with
FHA+MSCs (58.5±5.3) compared to FHA alone (52.2±5.9). Though the remaining graft particle volume showed a reduction in defects filled
with MSCs and FHA it was not significant compared to FHA alone. Based on the results it can be concluded that naturally derived
hydroxyapatite along with mesenchymal stem cells enhanced the bone regeneration in rabbit femoral condyle.
Acknowledgments:
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Republic of Korea.
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Drug screening and disease modeling with simplified monolayer cell cultures or animal models often fail to translate in clinical studies. To
alleviate the rising cost of drug development and to improve the understanding of the mechanisms involved in cancer biology, predictive threedimensional (3D) human tissue models that are user-friendly are in high demand. Establishing vascular perfusion of 3D tissues has always been
a challenge, but mimicking drug transport and capturing cell trafficking between different organs are necessities. Here we propose using a
versatile multiwell platform which contains built-in micro-fabricated vascularized scaffolds that can support self-assembly of various 3D human
parenchymal tissues to bridge the knowledge gap between in vitro and in vivo studies. With this model, we engineered a metabolically active
liver, a free-contracting cardiac muscle, and a metastatic solid tumor, by revealing metabolites excreted by liver tissue, recording changes to
cardiac beating when perfused with hormonal drug and tracking intravasated cancer cells in the vascular space. By linking the 3D tumor with
liver tissue in series through a single vascular interface, we were able to display the cancer invasion-metastasis cascade by visualizing and
quantifying GFP-expressing MDA MB 231 breast cancer cells that have extravasated into the distant liver tissue with confocal imaging and
qPCR, as compared to liver linked to a GFP-expressing control tissue. These results demonstrate that this platform can offer not only highly
reproducible data in drug target validation but also further unlock pathways involved in complex multi-organs biological events.
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Introduction: Discovering a compatible scaffold for esophageal replacement in cases of esophageal carcinomas, atresia and caustic injuries has
been a critical issue for decades and now with the rise of tissue engineering era, there are new hopes for discovering a more efficient scaffold.
In the following study we introduce a novel technique for preparation of an in vivo recellularized esophageal scaffold by the aid of omentum.
Materials and methods: A number of rats' esophaguses were decellularized by a perfusion-based protocol to create a naturally derived
esophageal acellular scaffold. Scaffolds underwent DNA quantification test to assure that they have been completely decellularized and they
would not produce an immunogenic response. Besides, Scaffolds’ biomechanical features were further investigated by tensile stress test.
On the next phase, Acellular scaffolds were planted in a wrap of omentum in abdomen for different periods of time and the biopsies were
taken from one, two, three, six, twelve and eighteen months old scaffolds to investigate cell seeding and differentiation. Samples were stained
by H&E, Movat Pentachrome and Sirus Red. IHC assays including SMA for detection of smooth muscle cells, CD34 for detection of stem cells,
CK-pan and Ck5/6 for detection of epithelial cells were performed as well as biomechanical tests.
Results: DNA quantification of acellular scaffolds showed an absorbance of 2.6 ng/mL compared to 66.4 ng/mL in native scaffolds which
demonstrates an efficient decellularization method. Explanted grafts showed regeneration of all the major cell types including epithelial cells,
smooth muscle cells and stem cells; furthermore, angiogenesis was observed mostly on the outer layers of implanted scaffolds. Although all
major cell types were present in the implanted scaffolds, cellular orientation and architecture of esophageal tissue was not established in
implants of three months old or less.
Conclusion: Our study demonstrated adequate cell seeding of acellular scaffold via omental wrap; suggesting that omentum could be utilized
as an efficient bioreactor in production of tissue-engineered esophagus.
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Articular cartilage is not easy to recreate, since it is a highly organized tissue with zonal defined characteristics. Most current treatment
strategies simply consider cartilage as a uniform piece of tissue, thereby ignoring its complexities for easy fabrication. In this study, we
upgraded the bioprinting of articular cartilage substitutes from 3D to 4D to fabricate constructs with synchronized remodeling of the bioink
whilst bioprinting using magnetism in a 4D real-time, biomimetic and zonal fashion.
Streptavidin-coated iron nanoparticles were embedded in printable bioinks with varying concentrations of low gelling temperature agarose
(0-1 %) and type I collagen (0.1-0.3 %) and gelled in the presence of a magnetic field (2 mT) for preliminary screening of fiber alignment
characteristics within the range of bioinks. Collagen fiber alignment was visualized by second-harmonic generation imaging using a two-photon
microscope and quantified with a Fast Fourier Transform algorithm to translate the circularity of its distribution. Selected bioinks were loaded
with human mesenchymal stem cells and chondrocytes and printed using a custom-designed drop-on-demand bioprinter. The effect of fiber
alignment in one or multiple directions mimicking the superficial, middle and deep cartilage layers on the printed construct’s mechanical and
biological properties was characterized by unconfined compression tests as well as histological/immunohistochemical (Hematoxylin and eosin,
Toluidine Blue, COL II, ACAN) and biochemical/molecular (GAG, COL II, ACAN) analyses.
Pure type I collagen bioinks showed the most effective unidirectional collagen fiber alignment amongst studied samples. Printable bioinks with
the highest agarose content exhibited diminished or inexistent fiber alignment, independently of the presence of a magnetic field. Bioinks of 0.5
% agarose with 0.2 % collagen showed the best unidirectional fiber alignment using a magnetic field during the gelation period. Compressive
tangent moduli of printed constructs with unidirectionally aligned fibers perpendicular to the applied force were significantly higher than the
moduli of samples with random alignment. Biological data showed successful GAG production and chondrogenesis in printed constructs 21
days after incubation with or without fiber alignment.
Automatized and biomimetic solutions such as herein presented hold promise for improving the performance of articular cartilage substitutes
in orthopedic research.
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Despite significant advances, most current in vivo cancer models fail to fully recapitulate the biological processes that occur in humans. Here
we aimed to develop an advanced humanized model with features of a physiological organ bone by providing different bone tissue cellular
compartments including osteoblasts, mesenchymal stem/stromal, endothelial and hematopoietic cells in an engineered microenvironment. In
vitro, the bone marrow compartment was generated by culturing the human mesenchymal stem/stromal cells, umbilical vein endothelial cells
with gelatin methacryloyl hydrogels in the centre of a melt-electrospun polycaprolactone tubular scaffolds which were seeded with human
osteoblasts. The tissue engineered bone (TEB) was subcutaneously implanted into the immunocompromised NSG mice. Histological analysis
demonstrated formation of a morphologically and functionally representative organ bone. Mice were further humanised through tail vein
injection of human cord blood derived hematopoietic stem cells (HSCs) which then populated in the mouse bone marrow, spleen and TEB. 11
weeks after CD34+ transplantation, metastatic breast cancer cells (MDA-MB-231BO) were orthotopically injected. Cancer cell injection
resulted in the formation of a primary tumour and metastasis to the humanized TEB and mouse organs. Less frequent metastasis and lower
tumour burden were observed in hematochimeric mice, suggesting an immune-mediated response against the breast cancer cells through
injected HSCs. Overall, this is the first comprehensive study investigating the impact of TEB on haematopoiesis. Additionally, our results
demonstrate the efficacy of tissue engineering approaches to study species-specific cancer-bone interactions.
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Introduction: While transplantation of artificial cardiac tissue is a promising strategy to treat advanced chronic myocardial infarction (MI) heart,
ischemia in the graft is a concern as a limiting factor of its therapeutic potential. We recently developed a new technology by which human
induced pluripotent stem cell-derived cardiac myocytes (iPSC-CMs) formed 3-dimensional (D) artificial cardiac tissue. We hypothesized that
transplanted artificial cardiac tissue may be integrated into the MI heart, leading to functional recovery.
Methods: hiPSC-CMs were coated with fibronectin and gelatin using a Layer-by-Layer Technique, and then incubated in cell culture insert to
reconstruct 3D cardiac tissue in vitro.
The tissue was epicardially transplanted to the scarred myocardium of athymic nude rat that was subjected to left coronary artery ligation 4
weeks prior to the treatment, or sham operation was performed (n=10 each).
Results: The 3D-cardiac tissue transplant yielded a significant increase in echocardiographical ejection fraction over the 4 weeks (43.2±3.6%
vs 51.6±5.5%, P <0.05), whereas the control group exhibited a significant decrease (47.2±5.1% vs 40.9±3.2%, P <0.05). Histologically, a rich
graft was present in the scarred myocardium at 4 weeks (A). While most of the cellular components in the graft was human cardiac troponin
T-positive cardiac myocytes, they were surrounded by CD31-positive luminal structures. In addition, a greater number microvascular structure
including rat smooth muscle actin-positive cells were present in the scarred area of the transplanted group compared to those in the sham
group. Cardiac muscle cell cytoskeletal proteins such as dystrophin, desmin and actinin more abundantly expressed in transplanted
cardiomyocytes compared with 3D cardiac tissue in vitro. And also cardiac membrane proteins such as dystroglycan and sarcoglycan also
notably expressed in the basement membrane in transplanted cardiomyocyte but not in the cardiac tissue in vitro.
Conclusions: 3D cardiac tissue survived well in the scarred myocardium with microvascular connection, and phenotypical changed in
cardiomyocytes, warranting a cardiac tissue supplementing therapy by iPSC-CM derived artificial cardiac tissue transplantation.
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Background: Cardiovascular diseases are the leading cause of mortality worldwide. Limited regenerative capacity of the heart and donor
shortage demands alternative therapies. Cardiac regeneration approaches aim to develop myocardial substitutes to study tissue repair.
However, insufficient vascularization and poor myocardium architecture limit construct scaling-up for in vitro and in vivo studies, as well as,
eventual clinical translation. Bioprinting has emerged as a new biofabrication technology to achieve a defined spatial cell distribution.
Nevertheless, the optimal hydrogel and cell type to be printed remain elusive. Our hypothesis is that bioprinting will enable the development of
a physiologically functional myocardial construct useful as a 3D in vitro model. Using a bioink comprised of a collagen solution laden with HL-1
cells, we report on a hydrogel scaffold with a cardiac cell population.
Methods: Immortalized mouse HL-1 cardiomyocytes were mixed with a 2 mg/mL collagen solution and printed with a Bioscaffolder platform.
The bioink was extruded through a 25G needle at 12 kPa and 27 mm/s. Cell viability was evaluated with Live/Dead assay. Cardiac
immunostainings were performed by using specific antibodies against MEF2, SERCA2, α-actinin and cardiac troponin T. Constructs were
evaluated via microscopy and quantified with ImageJ.
Results: Hydrogel cytotoxicity test evidenced good viability of HL-1 cells embedded in 2 mg/mL collagen gels. Bioprinted collagen scaffolds
composed with 4-layers showed a fiber of 208.20 ± 27.92 μm, while after 9 days in culture was 695.6 ± 59.80 μm. Bioprinted HL-1 cells
proliferated within the collagen scaffold forming aggregates. 87% of the HL-1 cells remained viable in 2 mg/mL collagen printed scaffolds after 1
week. HL-1 cells maintained the expression of cardiac transcription factors, calcium-handling genes, and structural genes after being bioprinted
within collagen.
Conclusions: HL-1 cells were successfully bioprinted within a 2 mg/mL collagen solution and remained viable. Moreover, the cardiac phenotype
was preserved, as evidenced by the cardiac markers expression. Further hydrogel formulations, namely fibrin and decellularized extracellular
matrix, are being tested to optimize the bioink composition for cardiac tissue engineering applications. The optimal bioprinted cardiac scaffold
could be useful for disease modeling, drug screening, and regenerative therapies.
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Traditional methods for spatiotemporal control of arrhythmias in the heart rely on the use of electrodes. These methods are laborious and
technically limited, such that only local pacing algorithms using a handful of electrodes have been studied. Progress in arrhythmia management
requires the development of novel spatiotemporal control schemes in biological systems. In pursuit of these goals, a high-throughput platform
was developed for optical actuation and sensing of emergent cardiac behaviors through the use of optogenetics.
Channelrhodopsin-2 (ChR2) is a cation channel that depolarizes the cell membrane in response to blue light and anion channelrhodopsin 2
(GtACR2) is an anion channel that hyperpolarizes the cell membrane in response to blue light. Transgenic hiPSCs expressing ChR2 and GtACR2
were created through lentiviral transduction and differentiated into cardiomyocytes. In parallel, a projector was integrated into an optical
mapping system for simultaneous patterned illumination and imaging. Patterned illumination of optogenetic cardiomyocyte monolayers
successfully perturbed existing conduction patterns.
To characterize the impact of anatomic defects with high precision, we used patterned illumination of the hyperpolarizing GtACR2 protein to
generate light-inscribed conduction blocks in cardiac monolayers. We dynamically modulate the light patterns to control spiral wave
formation, pinning, migration, and termination as a function of the inscribed functional geometry.
Patient-derived hiPSCs were then used to model LQT8, where an L-type calcium channel mutation prolongs the action potential duration
(APD). Spiral waves can be defibrillated by illumination of the spiral core in ChR2-expressing cardiomyocytes. We find that spiral wave
arrhythmias are harder to defibrillate as the APD increases, which correlates with the increased incidence of arrhythmias in patients with LQTS,
and that illumination of the spiral core is required for defibrillation.
This work demonstrates high-throughput testing of spatiotemporal control schemes for arrhythmia control in disease-specific contexts. We
believe that extensions of this approach will lead to novel scientific discoveries regarding the relationships between cardiac tissue geometry,
ion channel mutations, and arrhythmia control. These new fundamental and clinical insights point the way towards the development of
patient-specific therapeutic strategies.
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Immune reactions in the skin are initiated by the cutaneous dendritic cells (DCs). The potential sensitizing effect of a compound can be
predicted in vitro using human monocytes differentiated into DCs (Mono-DCs). However, these simplistic models remain inaccurate because
the activation of cutaneous DCs by sensitizers may be triggered or modulated by microenvironmental interactions with multiple types of nonimmune cells [1].
Our goal is to develop an immunocompetent human tissue-engineered skin (TES) that will combine DCs with all structural and functional
element of the skin, i.e. an epidermal barrier laid upon a dermis containing a pseudo-vascularization and nociceptive neurons [2]. Collagen
matrix was seeded with fibroblasts and endothelial cells, then with precursors of nerve fibers derived from either human iPSC or murine
embryonic DRG. Finally, we introduced Mono-DCs and keratinocytes.
We observed that in situ differentiated neurons grow axons towards the epidermis as usually observed in normal human skin. What's more,
the neurons derive from iPSC, express neuropeptides and calcium channel as normal nociceptive fibers. Moreover, Mono-DCs settled as
expected beneath the epidermis and remained sessile to stimulation for several weeks.
The model will be used to predict the irritant potential of chemical compounds, and the impact of nerves on DC activation. Further, the iPSC
technology allows us to create a "one patient" TES with all cells from the same donor to start a personal medicine tool.
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