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Simulated microgravity promotes the angiogenic potential of endothelial progenitor cells in a quality- and
quantity-control cell-culture system

Hiroko Hagiwara1,2，Akira Higashibata3，Shiho Ogawa3，Shigeyuki Kanazawa1，Hiroshi Mizuno1,2，Rica Tanaka1,2
1
Department of Plastic and Reconstructive Surgery, School of Medicine, Juntendo University, Tokyo, Japan，2Center for Genomic and Regenerative Medicine, School of Medicine, Juntendo
University, Tokyo, Japan，3International Space Station Japanese Experiment Module (KIBO), Japan Aerospace Exploration Agency, Ibaraki, Japan

Purpose: Mononuclear cells quality- and quantity-control culture (MNC-QQc) system is a serum-free ex-vivo cell expansion culture method that
increases the number and angiogenic potential of endothelial progenitor cells (EPCs) such as CD34-positive cells. Herein, we used peripheral
blood mononuclear cells (PBMNCs) to develop a novel cultivation method for cell populations with angiogenic potential, with the initial aim of
increasing EPC functionality and efficiency for clinical applications. Thus, we focused on cultivation in microgravity (MG), as this has been
reported to increase stem cell functionality, and investigated whether QQc would enable efficient culturing in MG.
Methods: PBMNCs were isolated from the peripheral blood of healthy volunteers (n = 8). MNC-QQc was performed under four different
conditions: (1) normal MNC-QQc (normal control, NC); (2) earth gravity (EG) for 7 days in a disposable cell container (DCC, a sealed cultivation
container); (3) MG for 7 days in a DCC; or (4) MG for 3 days followed by EG for 4 days in a DCC (both MG and EG, ME). At 7 days after MNCQQc, the total cell number was counted. CD34-positive cell percentage, an EPC indicator, was measured through flow cytometric analyses.
EPC counts were determined using an EPC culture assay, and EPC angiogenic potential was evaluated using an EPC colony-forming assay (EPCCFA), wherein definitive EPC colony-forming units (dEPC-CFUs) and primitive EPC CFU (pEPC-CFUs) were counted. Gene expression was
quantified by real-time PCR.
Results: The total cell number was the same among all groups; however, the CD34-positive cell percentage was significantly greater in MG
and ME groups than in the NC group (MG vs. NC, 4.90% ± 1.21% vs. 1.12% ± 0.3%; ME vs. NC, 5.5% ± 1.64% vs. 1.12± 0.3%; p < 0.05). The
EPC number was significantly higher in the ME group than in NC and EG groups (ME, 233.4 ± 18.4; NC, 104 ± 27.7; EG, 182.1 ± 15.3; p <
0.05). dEPC-CFUs were significantly higher in the ME group than in NC and EG groups (ME, 967.1 ± 197.8; NC, 594.8 ± 186.3; EG, 386.1 ±
77.2; p < 0.05). Moreover, VEGF-A was higher in the ME group than in the NC group (ME, 3.84 ± 0.34; NC, 2.33 ± 0.34; p < 0.05).
Conclusion: Together, our results in indicate that, compared to control, use of QQc along with MG–EG conditions enables more efficient
expansion culture of cell populations with angiogenic potential, and that QQc employing MG stimulation may be more effective than
conventional culture.
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Investigating the Role of Organotypic Endothelial Cells through Human Vascularized 3D Models
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It is increasingly recognized that endothelial cells (ECs) originating from different districts possess different phenotypes and that ECs can
influence their microenvironment through the so-called angiocrine factors, guiding organ development, homeostasis, and tissue regeneration1.
However, it is not yet clear if differences observed between ECs also reflect in different functional properties of ECs themselves or if they could
drive the development of organ-specific diseases. To characterize genomic and functional differences of organ-specific endothelium, we
exploited our 3D vascularized in vitro models, based on 3D fibrin gels, embedding endothelial cells with or w/o support cells, forming a
microvascular network2. In more detail, we isolated bone (bECs) and muscle ECs (mECs) from waste pieces harvested from non-oncological
patients undergoing surgery, who signed an informed consent (n=11). ECs transcriptome was analyzed through genome-wide microarray
(SurePrint G3 Human GE V2), highlighting differentially expressed genes whose expression was confirmed by IHC on human bone and muscle
tissue slides. To determine if genomic differences reflected into functional alterations, we assessed angiogenesis of bECs and mECs in different
3D models. Microarray analysis results showed a rich subset of genes differentially expressed between the two ECs populations, such as
inflammation related genes, more expressed by the bone endothelium. Furthermore, both bECs and mECs were able to form a microvascular
network in fibrin gels, also w/o the presence of support cells in the gel. The comparison of angiogenic properties of bECs and mECs
demonstrated a different angiogenic pattern between the two populations at 5 days in 3D fibrin gels, showing a more branched and
interconnected network for bEC as compared to mEC. In conclusion, we demonstrated that ECs originating from different anatomical districts
are not only phenotypically different, but also have different functionality in terms of microvascular network formation and organization.
1.
Augustin H et al. Organotypic vasculature: From descriptive heterogeneity to functional pathophysiology. Science 2017 25:6353.
2.
Bersini S et al. Human in vitro 3D co-culture model to engineer vascularized bone-mimicking tissues combining computational tools and
statistical experimental approach. Biomaterials 2016 76:157.
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Tissue Development and Cell Migration Using Novel Avian Transgenic Technologies: From Primary Cilia to Fate
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Concepts in stem cell differentiation and tissue morphogenesis are central to effective tissue engineering for regenerative medicine
applications. Using tools from developmental biology and genetic engineering we aim to understand fundamental processes of cell lineage
specification and migration. Chick embryo models provide a powerful real-time tool to study tissue development and cell lineage specification
in situ. We use avian primordial germ cells (PGCs) and chick embryo models to elucidate the function of the primary cilium in cell migration and
the development of classically mesodermal tissues such as adipose, vascular and connective tissues. Previous work with human mesenchymal
stem cells has shown that the primary cilium is an important chemo- and mechanosensory organelle involved in osteogenic and adipogenic
differentiation under in vitro cell culture conditions. Primary cilia are critical for normal embryonic development as evidenced genetic
ciliopathies, however there is a limited understanding of their dynamic function in vivo. To elucidate ciliary dynamics in vivo, we have derived
adherent cell lines from avian PGCs with the capacity to differentiate into mesodermal cell types expressing primary cilia. We have engrafted a
GFP-modified version of these cells into chick embryos and observed their integration into the developing limb. Further, using the CRISPR/Cas9
gene editing system we are working to fluorescently label cilia protein Arl13b to visualize primary cilia expression in real time on engrafted
cells within the chick embryo. Further we aim to derive a transgenic chicken line with fluorescently labeled cilia. In addition to the cilia and
grafting work, we have been using a Cre-inducible CPX transgenic chicken line uncover the developmental origin of adipose tissue through
inducing fluorescent protein expression in neural crest cells in the early chick embryo and tracking those cells through development. This novel
approach allows us to investigate whether primary cilia play an active role in migration and lineage specification processes of mesodermal cells
in vivo and may inform methods in controlling cell phenotype for tissue engineering applications.
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Evaluation of secondary injury and glutamate excitotoxicity (neuron viability and [Ca2+]i response) in in vitro
model of CNS trauma
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Traumatic brain injury (TBI) is one of major causes of death and disability in the most countries. The complexity of secondary processes
following traumatic brain injury in vivo does not allow to appreciate the role of specific mechanisms of the neuronal damage. The aim of the
present work was (1) to compare changes in morphology of the intact and mechanically injured (scratched) primary neuronal cultures during
its maturation, and (2) to compare viability and Ca2+ signaling in intact and scratched primary neuronal cultures in response to glutamate (Glu)
excitotoxic challenge. The development and maturation of the culture was monitored employing the IncuCyte ZOOM imaging and analysis
system (multiparametric time-lapse microscopy) simultaneously recording transmitted light images of individual neurons and fluorescent images
of mitochondria in neuronal bodies with a potential-sensitive fluorescent probe TMRM. Analysis of survival of cortical neurons was performed
on days 3, 4, 11 and 14. Cell viability was analyzed using fluorescent dyes Syto-13 for live cells and ethidium homodimer for dead cells. Gluinduced [Ca2+]i changes in the alive cells in the vicinity of scratch were monitored with help of Fura-FF. We found that morphological changes
in the developing primary culture of the cerebellar granule neurons (the total length of neurites, their ability to combine into bundles, the
relative area of the soma) are characterized by three phases differing in kinetics and duration. TMRM did not affect the number of phases, but
markedly changed their duration and amplitude. The phases of mitochondrial development correlated with the phases of morphological
changes of the culture. Axons from the intact area protruded to the scratch zone along the routes predominantly in the direction of neurons
that survived in a scratched area. It was also found that the onset of the delayed [Ca2+]i deregulation and the number of the cells that were
able to recover low [Ca2+]i after washout of Glu were sharply reduced in mechanically injured cortical cultures. Thus, scratch of cultured
neurons appears to be useful model to study the secondary mechanisms of CNS trauma. Supported by grants of RFBR 16-04-00792, 17-0000106, 18-015-00450, RSF 17-15-01487.
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Human umbilical cord mesenchymal stem cells derived extracellular vesicles inhibits UVB-induced dermal
fibroblast photoaging by promoting expression of GPX1 and stimulating collagen synthesis

Mingwu Deng
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BACKGROUND:
Extracellular vesicles (EVs) are all cell-derived vesicles that are enclosed by a lipid bilayer, ranging from 30 nm to 2,000 nm in diameter, and
serve as part of normal cell to cell communication via the transfer of lipids, proteins and nucleic acids. Ultraviolet B (UVB) irradiation induced
expression of reactive oxygen species (ROS), leading to the aging of dermal fibroblasts. Human umbilical cord mesenchymal stem cells derived
EVs (hucMSC-EVs) possess anti-oxidation effects
OBJECTIVE:
The purpose of this study is to evaluate the protective effect of hucMSC-EVs on UVB-induced dermal fibroblast photoaging.
METHOD:
Human umbilical cord mesenchymal stem cells were cultured and hucMSC-EVs were isolated and characterized. Human dermal fibroblasts
were isolated and cultured with different concentration of hucMSC-EVs before exposure to UVB irradiation. Cell proliferation, senescenceassociated β-galactosidase (SA-β-gal) expression, cell morphology, cell cycle, ROS generation, expression of extracellular matrix protein
collagen type 1 (Col-1) and antioxidant protein glutathione peroxidase 1 (GPX-1) were evaluated.
RESULT:
Pretreated with hucMSC-EVs significantly increased cell proliferation; rescued the cell proliferation and cell cycle arresting inhibited by UVB
irradiation; and remarkable decreased the percentage of SA-β-gal positive cells and the amount of flattened cells. In addition, pretreated with
hucMSC-EVs decrease the UVB-induced ROS via increasing of GPX-1 expression. Furthermore, pretreated with hucMSC-EVs promoted
expression of extracellular matrix protein Col-1.
CONCLUSION:
Pretreated with hucMSC-EVs could effectively prevent UVB-induced cell damage via reduction of intracellular ROS and stimulating collagen
synthesis. It could be potentially used in the prevention of skin photoaging.
[Key words] extracellular vesicles, photoaging, reactive oxygen species, glutathione peroxidase 1
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Angiogenic effect of platelet-rich plasma combined with gelatin hydrogel granules injected into murine subcutis
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Introduction: Platelet-rich plasma (PRP), which contains highly concentrated platelets, is produced by centrifuging whole blood. It is a safe and
readily available source of a wide range of growth factors necessary for angiogenesis. Gelatin hydrogel granules have been designed and
prepared for the controlled release of many growth factors. The angiogenic effect of human PRP was examined in vitro, and the effect of its
subcutaneous injection with gelatin hydrogel granules into murine subcutis was evaluated.
Methods: Human PRP was prepared using a double spin method. The concentration of growth factors and the platelet count were examined in
PRP, and in vitro, and the angiogenic activity of human umbilical vein endothelial cells (HUVECs) in co-culture with human dermal fibroblast
cells (NHDFs) in the presence and absence of PRP was evaluated. Then, in vivo, PRP, either free or with gelatin hydrogel granules, was injected
subcutaneously into tiebacks on mice. Using a microscope and KURABO angiogenesis image analyzer software, the area containing newly
formed capillaries was evaluated histologically, and the microvascular network score was calculated.
Result: PRP was shown to contain high concentrations of PDGF, VEGF, and TGF-b, and it had an angiogenic effect on the co-culture system.
PRP with gelatin hydrogel granules significantly enlarged the area containing newly formed capillaries and promoted the microvascular network
in murine subcutaneous tissue.
Conclusion: PRP encapsulated in gelatin hydrogel microspheres shows promise for enhancing angiogenic effects in murine subcutis and could
represent a potential therapeutic combination for the treatment of ischemic disorders.
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Platelet and growth factor concentrations in activated platelet-rich plasma:  a comparison of seven commercial
separation systems
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Platelet-rich plasma (PRP) is blood plasma that has been enriched with platelets. It holds promise for clinical use in areas such as wound
healing and regenerative medicine, including bone regeneration. This study characterized the composition of PRP produced by seven
commercially available separation systems (JP200, GLO PRP, Magellan Autologous Platelet Separator System, KYOCERA Medical PRP Kit,
SELPHYL, MyCells, and Dr. Shin’s System THROMBO KIT) to evaluate the platelet, white blood cell (WBC), red blood cell (RBC), and growth
factor concentrations, as well as platelet-derived growth factor-AB (PDGF-AB), transforming growth factor beta-1 (TGF-b1), and vascular
endothelial growth factor (VEGF) concentrations. PRP prepared using the Magellan Autologous Platelet Separator System and the KYOCERA
Medical PRP Kit contained the highest platelet concentrations. The mean PDGF-AB concentration of activated PRP was the highest from JP200,
followed by the KYOCERA Medical PRP Kit, Magellan Autologous Platelet Separator System, MyCells, and GLO PRP. TGF-b1 and VEGF
concentrations varied greatly among individual samples, and there was almost no significant difference among the different systems, unlike for
PDGF. The SELPHYL system produced PRP with low concentrations of both platelets and growth factors. Commercial PRP separation systems
vary widely, and familiarity with their individual advantages is important to extend their clinical application to a wide variety of conditions.
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Adipose-derived stromal cells secretome varies in different culture media: Implications for conditioned mediabased research
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INTRODUCTION: Mesenchymal stromal cells, among which adipose tissue-derived stromal cells (ASC) have been shown to harbor proregenerative, anti-inflammatory, and anti-fibrotic potential. For this reason, they become object of interest therapeutic use in the field of
regenerative medicine. Their beneficial effects are due to a series of molecules these cells are capable to secrete, in other words, their
secretome. Biomedical research looking for the potential uses of ASC is commonly developed by applying the culture medium conditioned by
these cells in other cell types or disease models. The type of medium used for ASC culture, however, may not be always the same. Herein we
hypothesized that different culture media could lead to changes in ASC secretome. METHODS: ASC were cultured over five days in four
different media: 1) Dulbecco’s Modified Eagle Medium (DMEM); 2) DMEM added with endothelial cell growth factor (DMEM/ECGF); 3) DMEM
mixed (1:1) with Endothelial Cell Medium (DMEM/ECM); Endothelial Cell Medium (ECM); 3) Eagle's Minimum Essential Medium (EMEM); and 4)
Ham's F12 Medium (HAM). After five days, the media was collected for analysis and the cells were harvested for biomolecular techniques.
Expression of FGF2 (Fibroblast Growth Factor 2) and VEGFA (Vascular Endothelial Growth Factor A) genes was evaluated by RT-qPCR. The
concentration of angiopoietin-1, angiopoietin-2, Hepatocyte Growth Factor (HGF), Platelet-derived Growth Factor AA (PDGF-AA), and VEGF-A
was determined by the Luminex Assay. For statistical analysis, all the media were compared to DMEM. RESULTS: Gene expression analysis
showed that FGF2 transcription was downregulated in groups DMEM/ECM (p=0.0448) and ECM (p=0.0474). VEGFA expression did not differ
between the groups. Luminex Assay showed that HGF concentration was higher when cells were cultured in ECM (p=0.0040). No differences
were observed for angiopoietin-1, angiopoietin-2, PDGF-AA, and VEGF-A. CONCLUSION: The present study supports that different culture
media can lead to different compositions in ASC secretome. Herein we demonstrated that culturing ASC in ECM (or medium containing ECM)
reduces the transcription of FGF2 and increases the production of HGF. Further studies are necessary to evaluate other sets of media and also
broader panels of growth factors.
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Exosomes are a kind of membrane vesicles secreted from cells and contain various kinds of biomolecules such as proteins, nucleic acids
(miRNA etc.), lipids, and carbohydrate chains. In addition, it has been revealed that they exist stably in body fluids such as blood, saliva, urine,
and play an important role as an intercellular information transmission tool in recent years. As a starting point, R&D for utilizing exosome as a
resource of biomarkers for noninvasive, sensitive early diagnosis and for intractable diseases such as cancer is progressing rapidly worldwide.
Further, membrane vesicles derived from living bodies are not cytotoxic and are delivered specifically to target tissues and recipient cells, so
elucidation of their molecular physiological mechanisms toward the development of practical drug delivery system (DDS) is an important issue
in the near future.
Various purification kits claiming promptness and convenience are commercially available from not only domestic but also foreign reagent
market. However, although the contents of "exosomes" isolated using these are not necessarily the same, they are almost tolerated because
economic cost and efficiency are prioritized. Thus it can be said that the actual situation of the "exosome" research is quite confusing. We have
noticed that all exosome groups purified according to the standard protocols widely adopted both in domestic and abroad are distributed as a
single peak around 100 nm. However, electron microscopic observation recently confirmed that exosomes in multi-vesicular body (MVB)
immediately before being secreted from cells and exosomes immediately after secretion have particle size of about 50 nm. These results
strongly suggest that the membrane vesicles prepared by currently prevailing, conventional methods may not maintain the intrinsic state
(shape, properties, etc.) immediately after being secreted from cells.
We have overcome the problems inherent in the standard preparation methods, and from a unique standpoint of evaluation with the electron
microscopic analysis and physicochemical analysis and so forth, "A novel method for preparing extracellular membrane vesicles suitable for
biophysical analyses" (Japanese Patent Application No. 2016-075498, PCT/JP2017/013999) has been developed. We will report the results of
electron microscopic and particle size distribution analyses of exosomes from human embryonic kidney (HEK293) cells obtained by our
preparation method.
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Disruption of energy balance increases a risk for obesity, diabetes, and cardiovascular diseases. Brown adipocytes produce a heat to maintain
body temperature by burning lipid, which can enhance energy expenditure. Several articles have reported that brown adipocytes were
differentiated from induced pluripotent stem cells (iPSCs) and directly converted from fibroblasts by virus vector-mediated expression of a
specific set of transcription factors. However, not only exogenous gene induction but also residual undifferentiated cells after differentiation
from iPSCs might be a risk for tumor formation for clinical applications. In order to provide a safer approach to generate brown adipocytes, we
developed small molecule-based direct conversion from human dermal fibroblasts to brown adipocytes without any genetic manipulation. The
chemical compound-induced brown adipocytes (ciBAs) exhibited induced expression of human brown adipocytes specific genes including
UCP1 as well as adipocyte genes. Treatment with either isoproterenol or Forskolin more stimulated Ucp1 expression. The result suggested
that β adrenergic receptor signaling in ciBAs might be functional for induction of thermogenic genes, similar to the observation in in vivo brown
adipocytes. Oxygen consumption rates were increased in ciBAs along with increase of cellular mitochondria. Transplantation therapy of ciBAs
likely with a lower risk for tumorigenesis have a therapeutic potential in the management of obesity, diabetes, and related metabolic disorders.
ciBAs might be applicable for personalized disease modeling and drug development targeting human brown adipocytes.
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Quantitative measurement of mobility of cell colony using image analysis methods for quality control of oral
keratinocytes: A preliminary study
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Clinical tissue engineering of oral epithelium has been employed for therapeutic use. Although regulatory issue requires extensive quality
control (QC) to ensure the quality of cells during manufacturing of human cell/tissue-based products, the lack of proper assessment technology
on quantitative evaluation of cell quality is a significant issue. Thus, there is a need to develop a non-invasive approach for QC, which is
important for achieving successful clinical outcomes. For epidermal keratinocytes, rotational speed of two-cell colony can predict their
proliferative capacity, indicating monitoring of mobility of cell colony could be used to detect substandard cell populations in an early stage of
cell culture. Although a variety of image analysis method have contributed to advances in regenerative medicine, no studies have been
reported for oral keratinocytes. To quantitatively measure the mobility of cell colony, we recently developed two methods that are template
matching based on normalized cross correlation (NCC) and optical flow (OF). As a preliminary study, we aimed to examine their feasibility and
their correlation with a proliferative capacity of oral keratinocytes. After informed consent agreement, oral mucosa samples were obtained
from patients. Dissociated primary oral keratinocytes were plated into a 35 mm tissue-culture dish at a density of 3.0 x 105 cells and cultured
without a feeder layer with EpiLife® medium containing 0.06 mM of Ca++. Five days after plating, when multiple cells colonies have been
generated, they were monitored by time-lapse microphotography for 24 hours. The film frames were captured at an interval of 15 minutes.
When cells were fixed after another two days of cultivation, the proliferating potential was estimated by counting cell number in the colony
time-lapse photographed. By using the value of NCC, we determined a specific parameter, referred to as “dynamic index (DI)”, which computes
the difference in the state of target colonies between consecutive frames and its value reflects the shape and size of colony that change over
time. By using OF, we determined the mean velocity magnitude (MVM) (pixel/frame) of the colony. Although the number of samples examined
was very limited, there was a tendency that the cell colonies of oral keratinocytes was more proliferating when they showed a higher DI as
well as MVM. Thus, our results suggested those methods could be used for QC of cultured oral keratinocytes.
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Effect of isotropic gravity on cytoskeletal and nucleoskeletal structures of human mesenchymal stem cells   
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An understanding of fundamental mechanisms underlying the cellular behaviors to mechanical properties of culture environment will extend
our knowledge regarding the regulation of cell functions. The present study aimed to investigate the effect of isotropic gravity on actin
cytoskeleton and nucleoskeleton of human mesenchymal stem cells (hMSCs) using a three-dimensional clinostat, an isotropic gravity generator,
Gravite®. Fluorescent staining of F-actin revealed that cells in unidirectional gravity culture displayed numerous actin stress fibers in both the
basal side and apical side of the nucleus and their actin stress fibers mainly oriented along the longitudinal cell axis. However, the stress fibers
in cells cultured in isotropic gravity condition were present along the basal side of the cells but not at the apical side of these nuclei. In
addition, the paxillin which is a focal adhesion protein at lamellipodia was phosphorylated in the periphery of the cells cultured in isotropic
gravity condition, although expression of phosphorylated-paxillin in cells cultured in unidirectional gravity condition was not observed. Finally,
to assess changes in the spatial organization of nuclear lamin, we compared the 3D organization of a major nuclear lamin component, lamin A/
C. Lamin A/C was detected at the periphery of the nucleus in all culture conditions. Cells in unidirectional gravity showed that lamin A/C was
located mainly on the apical side and largely absent from its basal side, whereas cells in isotropic gravity culture showed that lamin A/C was
dominantly localized at the apical and basal side of the nucleus. These results indicate that the isotropic gravity culture affects the formation of
cytoskeletal, focal adhesion, and nucleoskeletal structures through dynamic hMSC behaviors.
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hnRNPC as a novel mechanosensor connecting  ECM mechanics and mRNA homeostasis
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The possibility to control cell function by mechanical cues is the subject of intense investigation since it opens the way to design tailored cell
culture systems and advance disease modeling.
In fact, modifications in the mechanics and nanostructure of tissue-specific extracellular matrix (ECM) parallel the onset of several pathologies
(i.e.: cardiac pathologies, tumor invasion, neurodegenerative diseases). Such remodeling processes are known to impair the activity of tissuespecific cells and thus organ function.
Together with a general rearrangement of cellular genetic program, such pathologies are usually characterized by a switch in protein isoforms,
due to the alternative splicing of messenger RNA (mRNA). The expression of the correct isoform is known to be crucial to cell development and
function. Whether changes in mRNA maturation can be impacted by the remodeling of ECM is still debated.
Here, by adopting bioengineered tools designed to control single cell spreading and tension, we identified heterogeneous nuclear
ribonucleoprotein protein C (hnRNPC), an RNA splicing factor, as a mechanically-actuated protein. hnRNPC is ubiquitously expressed and
controls many aspects of mRNA metabolism.
By stretching the cells or by tuning cell adhesion while keeping cell area constant, we demonstrate that hnRNPC localization and function can
be controlled by tuning the mechanics of the extracellular matrix, while not being dependent on ECM chemical composition or on the
availability of ECM adhesion sites.
We also clarify that cell-cell interaction regulates both hnRNPC total protein presence and localization independently of growth factor
stimulation.
While the upstream regulators of hnRNPC involved in its mechanosensitivity are still to be identified, this newly identified feature of the
modulator of mRNA splicing, translational regulation, packaging of nascent transcripts, stabilization and transport, could explain how ECM
mechanics can directly affect cell differentiation and function by controlling protein synthesis in a stage-specific fashion.
Taken togheter our results indicate that hnRNPC is a sensor of cell mechanics thus suggesting a novel direct connection between biological
response and mechanical force.
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Biophysical stimuli by Extra Corporeal Shock Waves (ECSW) induce fibroblast activation trough pro-inflammatory
pathway modulation
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Introduction
Extra corporeal shock waves (ECSW) are able to promote tissue regeneration, however the mechanism through which cells convert
mechanical signals into biochemical responses is not clearly understood. Recently it was described the role mediated by ATP release and P2
receptors activation that promote cell proliferation and tissue remodelling via Erk1/2, PI-3K/AKT, NF- κ B, and TLR3 and TLR4 signalling
pathways. Here we aim at investigating the role of ROS, inflammation and cell cycle activation during ECSW stimulation.
Methods
Human fibroblasts cells (HFF1) were exposed or not to ECSW with 100 pulses with a constant energy of 0.19 mJ/mm2 for 3.0 Hz frequency,
with a final energy exposition of 388 mJ.
Both exposed and untreated cells were then processed for the analysis of cell viability after 12, 24 and 48 hours. The molecular patterning
and ROS production orchestrating cell proliferation under the ECSW was further inferred by relative gene expression (qPCR) during T0, 1, 6, 12,
24 and 48 hours after treatment, using appropriate internal control.
Results
ECSW were able to induce cell proliferation in HFF1 in an energy- and pulse number-dependent manner after 12 hours treatment.
Cells treated with ECSW exhibited an increase in cells in the synthesis phase of the cell cycle. As shown by gene expression analysis Cyclin
D1, Cyclin A, Cyclin E2 and Cyclin B2 were upregulated, while p53, cMyc an p14Arf were downregulated, in ECSW-treated cells, as compared
to control untreated cells. These results were further inferred by immunofluorescence assay.
To better understand if this physical treatment was able to induce epigenetic pathways regulation, we investigated the gene and protein
expression of DNA Methyl transferase (DNMTs) and Histone Deacetylase (HDAC3). We interestingly found a different trend in the cells that
received physical treatments as compared to control untreated cells.
Conclusion
In conclusion, we suggest that the mechanical stimulus provided by ECSW might improve cells homeostasis by promoting the epigenetic
regulation and catabolic processes that are associated with self-activation and the resulting proliferation.
Our findings shed further light on unknown molecular and epigenetic mechanisms through which shock wave treatment exerts their beneficial
effects. These results could help to improve the clinical use of ECSW treatment for tissue regeneration and repair.
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Investigate osteogenesis and adipognesis in 7F2 mouse osteoblasts through the measurement of biomechanical
properties

Hsin-I Chang，Kai-Chen Hu，Tsung-Yan Tsai，Chu-Wen Shao
Department of Biochemical Science and Technology, National Chiayi University, Chiayi, Taiwan

The mechanical properties of cells are closely related to a number of biological functions, such as cell differentiation, aging, motility, metastasis,
and mechanotransduction. Therefore, the aim of this study is to measure cell mechanical alteration of 7F2 mouse osteoblasts during
osteogenic and adipogenic differentiation. 7F2 mouse osteoblasts were induced to osteoblast mineralization or adipogenic differentiation.
Then, the cells were stained with alizarin red S dye for calcium depositions or with Oil Red O for cellular fat accumulations. The
dielectrophoresis (DEP) force was used to measure osteoblast adhesion strength and cell elasticity was determined by Atomic Force
Microscope (AFM) based on force-displacement curve. Experimental results showed that 7F2 osteoblasts cultured with mineralization medium
(MM) reduced cell adhesion strength significantly, in comparison with the control. After two weeks of osteoblast mineralization, calcium
depositions appeared around osteoblasts cultured with MM and the calcium content was about 7 fold higher than the control. By the
measurement of AFM, the elastic modulus of osteoblasts cultured in MM was 2 fold higher than control. These results suggested that
osteoblast mineralization can increase cell elasticity. Fat accumulation was observed inside 7F2 osteoblasts after 7 days of ADM treatment.
7F2 osteoblasts treated with high concentration of ADM (20%) showed 3.5 fold more fat accumulation than untreated cells. Besides, the
adhesion strength of 7F2 osteoblasts were about 1.07 ± 0.17 nN for control, 2.24 ± 0.59 nN for cells treated with 10% ADM and 3.78 ±
0.34nN for cells treated with 20% ADM. It means that the adhesion strength of 7F2 osteoblasts was dose-dependently increased with ADM.
AFM measurement indicated that the elastic modulus of 7F2 osteoblasts was 2033.39 ± 202.00Pa for the control; 512.76 ± 137.96Pa for the
cells treated with 10% ADM and 182.81 ± 59.49Pa for cells treated with 20% ADM. It means that the elastic modulus of 7F2 osteoblasts was
dose-dependently decreased with ADM. In conclusion, biological variations in 7F2 osteoblasts such as osteoblast mineralization or fat
accumulation are correlated to the change of the mechanical forces. Therefore, the osteoblastic and adipogenic differentiation of 7F2
osteoblasts can be measured by the alternation of cellular mechanical forces.
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Does Effect of Shear Flow on Endothelial Cell remain after Stimulation?
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In previous studies, orientation of endothelial cells parallel to the stream line was observed in vivo. The orientation of cells might depend on
the kinds of cells in vitro [1]. To apply the shear flow quantitatively on the cell, the newly designed device with a rotating disk against the
culture plate [2] has been used in the present study. The Couette type flow was generated in the medium between the rotating disk and the
stationary culture plate. The wall shear stress < 1.4 Pa on the culture plate was controlled by the rotational speed of the disk. HUVEC (human
umbilical vein endothelial cells) was seeded on the culture plate, and cultured in the incubator for 24 hours before exposure to the shear flow
for 24 hours. After stopping the shear flow, behavior of the cells was observed by the inverted phase contrast microscope placed in the
incubator for successive 24 hours. Adhesion, deformation, migration, and orientation of each cell were traced at the time-laps images. The
experimental results show that HUVEC deforms and tends to make orientation parallel to the stream line under the shear flow. The migration
of each cell tends to be accelerated after stimulation of the wall shear stress of 1.4 Pa. The adhesion area of each cell is decreased by the
higher wall shear stress. The tendency is maintained for several hours after exposure to the shear flow.
References:
1. Hashimoto S, Okada M. Orientation of Cells Cultured in Vortex Flow with Swinging Plate in Vitro. Journal of Systemics Cybernetics and
Informatics 9, 1, 2011.
2. Hino H, Hashimoto S, Takahashi Y, Ochiai M. Effect of Shear Stress in Flow on Cultured Cell: Using Rotating Disk at Microscope. Journal of
Systemics Cybernetics and Informatics 14, 6, 2016.
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Harnessing the potential of amniotic exosomes for nanomedicine
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Human amnion epithelial cells (hAECs), isolated from amniotic membrane, are being translated into pre-clinical and clinical trials with reports
that hAECs possess multipotent differentiation, immunosuppresive, anti-inflammatory, and anti-fibrotic activities. hAECs release exosomes,
endogenous nanoparticles that carry a bioactive cargo, to deliver therapeutic molecules and transfer information between cells. To use
amniotic exosomes as nanomedicine, development of clinical scale production for exosomes isolation and purification is of critical importance.
We evaluated commercially available bioreactor systems for scalable amniotic exosomes production.
hAECs were cultured under defined serum-free conditions in traditional 2D culture system, biaxial agitation bioreactor, and fixed bed
bioreactor. Cell viability, pH, glucose and lactic acid levels were monitored daily. Conditioned media were sampled daily and potency assessed
for immunomodulatory and pro-angiogenic activity, as has been shown in hAECs. However, only hAEC-conditioned medium from biaxial
agitation bioreactor showed comparable immunomodulatory properties on T cell proliferation, HUVEC angiogenesis, and macrophage
phagocytosis as expected from 2D culture. Amniotic exosomes were isolated by serial ultracentrifugation; particles concentration and size
distribution were measured by NTA. Protein yield and particle numbers were significantly higher in amniotic exosomes cultured in both
bioreactors compared to 2D culture after 7 days.
The microenvironment in bioreactor systems altered amniotic exosomes biogenesis. The biaxial agitation bioreactor produces higher mass
transfer due to its unique mixing pattern and also demonstrates better cell viability for cell suspension systems. Biaxial agitation bioreactor
represents a robust and effective method for clinical grade amniotic exosomes production.
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modelling  

Joana Mendonca da Silva1，Eloy Erro1，Maooz Awan1，Sherri-Ann Chalmers1，Tarit Mukhopadhyay2，Barry Fuller3，Clare Selden1
1
The Liver Group, Institute for Liver and Digestive Health, University College London, London, UK，2Department of Biochemical Engineering, University College London, London, UK，3Division of
Surgery and Interventional Science, University College London, London, UK

Tissue engineering has benefited widely from 3D cell culture due to its close mimicking of cell-cell and cell-matrix interactions, thus producing
more in vivo-like models and products. However, current constructs lack vasculature, efficient transport of nutrients and small molecules and
tend to reproduce static or short-term conditions, rather than monitor long-term progression.
Thus, our aim was to develop a small scale fluidised bed bioreactor (sFBB) for 3D cell culture able to create a perfused environment for
homogenous diffusion of nutrients and gases and host sufficient volume of biomass for long-term evolution of tissue-like structures and analysis
of “per cell” performance over time.
The sFBB comprised a glass column equipped with inlet and outlet ports connected to a reservoir for recirculation of fluid by a peristaltic
pump. To evaluate and validate the system, hepatoblastoma-derived cells (HepG2) were encapsulated in 1% alginate solution, forming
spherical beads, and cultured for 12 days.
Throughout culture, consistent and stable fluidisation was sustained and bead shape and integrity was maintained due to the low shear stress
induced by upward fluid perfusion. Cell proliferation was observed with the formation of several cell spheroids inside each bead, each derived
from a single cell, achieving a final density of 26.6 x 106 cells/mL beads and viability of 97% (n=3). Further analysis demonstrated that doubling
time of cells cultured in the sFBB was comparable to that of encapsulated cells in static controls (cultured in tissue culture plates, with a final
cell density of 12.8 x 106 cells/mL beads) until day 8: 2.8 vs. 4.5 days, respectively. However for the last 4 days doubling time in the bioreactor
was 3.7 days in contrast with 13.9 days in static, highlighting the importance of a dynamic environment for long-term cell culture and formation
of better developed tissue-like structures. Moreover, the system proved to be robust, reproducible and expandable to multiple units (tested up
to four simultaneous sFBBs) running in parallel achieving equivalent performances.
In conclusion, the described device is a simple and cost-effective way of producing viable 3D cell constructs as tissue models for long-term in
vitro studies with potential to increase complexity of the scaffold, as well as tissue structure by co-culture of relevant cell types.
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A novel cell seeding technique to efficiently endothelialize surfaces of cardiovascular grafts by utilizing
recombinant spider silk  
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Introduction: Blood flow is often hampered due to occluded arteries and hence, vessel replacement or bypassing is required. Synthetic grafts
have been associated with poor long-term patency rates in small diameter vessels (< 6mm) (S. Pashneh-Tala, et al,2016). One strategy to
improve compliance between vascular implant and host tissue is in vitro endothelialization of the luminal surface (A. J. Melchiorri, et al, 2013).
Recombinant spider silk functionalized with a motif from fibronectin (FN-4RepCT) has been previously shown competent to self-assemble to
stable coatings (L. Nilebäck, et al, 2017), enhancing cell adherence and cell proliferation (M. Widhe, et al, 2016). In this study, the
functionalized silk variant in the soluble form has been blended with human dermal microvascular endothelial cells (hDMECs) to quickly
establish cell attachment and uniformly endothelialize polymeric surfaces.
Methods: Polystyrene plates as well as substrates of which the bulk material is used to fabricate cardiovascular grafts, namely
polytetrafluoroethylene (PTFE) and polyethylene terephthalate (PET), were seeded with hDMECs blended with FN-4RepCT and let to incubate
for 30 minutes. Cell seeding was evaluated in terms of quick adherence using crystal violet staining and cell viability with Alamar Blue and live/
dead assays.
Results: Endothelial cells blended and co-seeded with FN-4RepCT could quickly adhere to all substrates investigated, developing firm
anchoring points to the underlying materials. Adherent cells exhibited customary growth profiles and were shown highly viable after 7 days. At
last, scanning electron microscopy images revealed a uniform endothelial cell layer well complied with the polymeric surfaces.
Conclusion: The seeding technique holds great promise to quickly and efficiently endothelialize surfaces of cardiovascular grafts by utilizing
recombinant spider silk and in this way, improve overall prosthesis patency.
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Establishment of optimal transporting condition to achieve cell viability and tissue regeneration of AFSCs
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The preservation of stem cell characteristics during cell transport from the bench to patients can significantly affect the success of cell therapy.
Transport conditions, such as suspending medium, time, temperature, cell density, and container type may influence stem cell properties. In this
study, to establish optimum transport conditions, the characteristics of human amniotic fluid stem cells (AFSCs) were analyzed under various
conditions. Cell viabilities were analyzed under different media (DMEM(H), DMEM/F-12, K-SFM, RPMI 1640, α-MEM, DMEM(L), PBS or saline),
temperature (4°C, 25°C, or 37°C), cell density (1 × 107 cells were suspended in 0.1, 0.5, 1.0, or 2.0 mL of medium) and container type (plastic
syringe or glass bottle). After establishing the transport conditions, stem cell characteristics were compared to freshly prepared cells. Cells
transported in DMEM(H) showed relatively higher viability than other media. The optimized transport temperature was 4°C and transfer time
was within 12 h. A lower cell density was associated with a better survival rate, and a syringe was selected as a transport container because of
its clinical convenience. In compare of stem cell characteristics, transported cells with established conditions showed parallel results compared
to freshly prepared cells. In animal study, the transported cells under established transporting condition showed similar renal regenerative
ability as a fresh prepared cells in terms of renal tubule formation, glomerular regeneration, low immune cell infiltration, host stem cell
recruitment, differentiation into renal cells, and functional analysis (serum creatinine and BUN value). Therefore, appropriate transfer conditions
for hAFSCs were established in this study. Our findings provide a foundation for determining standardized and optimized conditions for cell
transport. (2014M3A9D3034164), (2015R1C1A1A01053509) (2016R1C1B1011180), (2015R1D1A3A03020378) (R0005886).
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Effect of long-term culture on the biological and morphological characteristics of human mesenchymal stromal
cells
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Mesenchymal stromal cells (also termed mesenchymal stem cells, MSCs) are multipotent cells that can be obtained from different tissues of
adult organisms. Due to their differentiation potential, regenerative and immunosuppressive properties, as well as ability to expand under in
vitro conditions, these cells represent a promising therapeutic tool for regenerative medicine. However, the basic prerequisite for the
therapeutic utilization of MSCs is obtaining a sufficient amount. While this may be achieved by prolonged cultivation, long-term culture of MSCs
is associated with accumulation of morphological and functional changes. In our study, we focused on analyzing morphological and biological
changes of cultured MSCs derived from adipose tissue and dental pulp over 30 passages. We performed morphological analysis using light and
electron microscopy, as well as analysis of selected biological properties (expression of surface antigens and selected genes involved in cell
regulation and apoptosis, cell cycle, and cell senescence) every 5 passages. Our results showed that long-term expansion leads to significant
changes in morphology and affects proliferation kinetics and the cell cycle. On the other hand, the MSCs maintained a prototypical
immunophenotype, normal cell cycle and apoptosis regulator function, and maintained a low level of telomerase activity during later passages.
Supported by grant APVV No. 14-0032
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Nasal mucosal cell sheets have been successfully used for middle ear regenerative medicine. However, as middle ear mucosa consists of a
simple epithelium and nasal mucosa consists of columnar epithelium, it is unclear whether the grafted nasal mucosal cell sheet work like the
middle ear mucosa. Therefore, the characteristics of the cell sheet after grafting was analyzed.
We have established an in vitro epithelial cell sheet grafting model, and partially clarified cellular events of adhesion and wound healing. To
analyze whether the cell sheet potentially change characteristics depending on scaffold environment, we established an ex vivo cell sheet
grafting model using nasal bone of coronoid process.
Nasal mucosal cells were cultured on temperature responsive cell culture dish, and detached at room temperature as nasal mucosal cell
sheets. The cell sheets were composed of a few layers of epithelial cells, and expressed cytokeratins, integrins, and laminin, which potentially
could facilitate the adhesion of epithelial cell sheets to the extracellular matrix. Detached cell sheets were grafted to hard type I collagen dish,
type I collagen soft gel or bone. Macroscopically, the grafted cell sheets kept the shape on the all scaffolds and metabolized by 7 days after
grafting. Histological analysis and transmission electron microscopy revealed that the cell sheets adhered on both hard and soft type I collagen
surface and bone without any gaps. Moreover, mRNA was extracted from these specimens to analyze gene expressions.
The ex vivo study will contribute to understanding of the cell sheet effect, and accelerate our regenerative medicine therapies.
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Cell sheet (CS) Engineering is an extracellular matrix-based cellular approach that has been proposed for the regeneration and treatment of
diseased tissues and organs. In fact, several clinical trials are currently underway using CS-based methodologies. The potential widespread
clinical adoption of CS-based techniques poses several challenges such as the need to preserve CS structure and function from the fabrication
site to the bed side (using for e.g. hypothermic temperatures) and the need to avoid post-transplantation necrosis due to hypoxia caused by
delayed perfusion by the host. Under hypothermia and hypoxia, cells are in a reduced energy production state, resulting in an accumulation of
reactive oxygen species, which can trigger cell death and loss of function. In this work, the putative cytoprotective effect of several compounds
on CS subjected to hypothermic and hypoxic exposure is assessed. Human Adipose Stem Cell (hASC) CS were incubated at hypothermic
temperatures with the commercially available preservation solution Hypothermosol or with medium supplemented with either Rokepie,
melatonin (both electron respiratory chain modulators) or glutathione (antioxidant). Both the preservation solution and the supplemented
media kept cell viability on par with the normothermic control up to 7 days of hypothermic incubation. Critically for CS-based strategies,
extracellular matrix integrity was also preserved using both strategies. Preliminary results indicate that the tested compounds also have a
cytoprotective effect under hypoxic conditions. Overall, the obtained results suggest that a unified strategy can be used to overcome the
deleterious effects of hypothermia and hypoxia and streamline the clinical application of CS-based strategies.
Acknowledgements: the author acknowledges the project PD/59/2013, IF/00347/2015, SFRH/BPD/109595/2015, NORTE-01-0145FEDER-000021.
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As establishing cell & gene therapy, technical development for manufacturing high quality cellular clinical products are extremely important, in
particular, establishment of cryopreservation technology is crucial. Computer-controlled programming freezer equipped with automatic liquid
nitrogen supply system (LN-PF) has been conventionally applied as standard. But usage of liquid nitrogen in an aseptic room involve
troublesome issues as environmental disorder and complexity of its operation in the controlled room. In this study we investigated newly
developed liquid nitrogen-free, only electric programming freezer equipped with high powered compressor and large cavity to hold bag-type
cell culture container (E-PF). After treatment by LP-PF and E-PF freezing step, the cells were thawed and re-cultured, and then we performed
the following comparative evaluation of benefits between LN-PF and E-PF in cell viability, proliferation, morphology, and apoptosis. Cellular
metabolism and transfection efficiency were also evaluated. As results, in the 7-days culture assay using Jurkat cell line, the cell viability
showed more than 92% in both methods (92.3±0.6 vs.92.6±1.2 %; LN-PF vs. E-PF), resulted in no significant difference. Similarly, no significant
difference was observed between LN-PF and E-PF in cellular proliferation (55.8±0.8 vs. 57.8±2.1, x10 exp.6), in apoptosis analysis (1.25±0.15
vs. 1.15±0.05 %), and in cellular morphology at day 7 as well. No significant difference was found in each metabolites as glucose, lactase, NH3,
LDH. Gene transfection efficiency with Lipofectamine of pAcGFP1-C1 vector (Clontech) exhibited no significant difference of GFP expression
levels as well (30.7 ± 6.9 vs.31.6 ± 6.3 pg/mL of GFP). In conclusion, E-PF showed equivalent function and extremely useful as a freezing
technique even compared with conventional LN-PF. Further investigation of optimizing freezing condition adjustable for each cellular type by
E-PF should be elucidated for application to regenerative medicine.
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Umbilical cord blood (CB) has attracted attention as an alternative to bone marrow for hematopoietic stem cell (HSC) transplantation.
However, low frequencies of HSCs in CB limits its clinical application. Recently, one of the most promising approaches to overcome this
limitation has been based on identifying combinations of small molecules and cytokines that enhance ex vivo HSC expansion. We have used
automation and powerful statistical methods to design large medium screens testing different combinations and levels of small molecules and
cytokines to improve the efficacy, efficiency and cost effectiveness of producing CB-HSCs for broad clinical application.
Specifically, we used a Design of Experiments approach with an automated platform capable of preparing and analyzing large numbers of
culture conditions in a programmable manner. In the initial screening study, we conducted fractional factorial design experiments with 8 factors
(5 cytokines, TPO, FLT3L, GCSF, IL-6 and IL-3; and 3 small molecules, including UM171) to examine the main effects and interactions with
respect to the outputs of 7 cell population which included the total, the stem (CD34+CD45RA-CD201+CD86-CD90+), three progenitor
(CD34+CD45RA-CD201+, CD34+CD45RA-CD90+ and CD34+CD45RA-), and two differentiated (CD45RA+ and CD86+) cell populations.
Subsequently, we identified 6 very significant positive factors (TPO, FLT3L, IL-3, and the small molecules) on the phenotypic stem cell output.
Following this, we designed a response surface methodology experiment to model our 7 cell population outputs as a function of combination
and level of these factors. Application of hierarchical clustering analysis for the model-predicted multi-responses from more than 20,000
cocktails enabled us to select combinations that generate interesting and/or desired cell population profiles. In validation experiments using
these selected cocktails we demonstrated that the expanded CB cells showed similar population profiles to those of our model predictions.
Notably, we confirmed that one of these cocktails enhanced the phenotypic stem cell expansion by 24 (96-well plate) and 28 (fed-batch
culture) times compared with our internal control at a lower cost.
Our unique approach combining multi-response modeling and optimization is of great benefit to the therapeutic application of CB-HSCs from
both a yield and costs perspective, and importantly can be widely applied to most bioprocess development activities.
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   Human Healthy Auricular Cartilage and Microtia Remnant Harbor Progenitor Cells Able to Produce Neocartilage
in 3D Hydrogel Culture  
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One important challenge in the generation of cartilage grafts of clinically relevant sizes is the need for a large number of potent cells. The use
of autologous chondrocytes is associated with morbidities, and their in vitro expansion leads to dedifferentiation. Mesenchymal stem cells can
be easily expanded up to higher passages, but are prone to undergo endochondral ossification. A novel, stem cell-like subpopulation of
cartilage-resident cells was previously identified in various animal species, and we recently confirmed the ability of these auricular cartilage
progenitor cells (AuCPCs) to produce neocartilage in 3D hydrogels. The current study is the first to identify AuCPCs in human auricular cartilage
and apply them in a 3D hydrogel system to generate neocartilage.
Auricular cartilage was obtained from deceased human elderly donors (age >85 years), young children undergoing reconstruction surgery (age
<10 years) and the microtia remnant (age <10 years). Cartilage devoid of perichondrium was digested and putative AuCPCs were isolated via
fibronectin adhesion (Williams et al., 2010). Proliferation and trilineage differentiation capacities were assessed up to passage 5. AuCPCs were
encapsulated in 10% w/v gelatin methacryloyl (gelMA) hydrogels and cultured up to 56 days. Neocartilage production was mechanically,
biochemically and histologically evaluated, and viability after extrusion printing was assessed.
Up to passage 5, cells all cell types demonstrated a potent ability to proliferate and to differentiate towards cartilage, bone and adipose
tissue. In cell-laden gelMA constructs, progenitors from all sources produced increasing amounts of glycosaminoglycans over time, with young
and microtia AuCPCs outperforming the elderly cells. Similarly, the largest increase in Young’s modulus over time was displayed by the young
AuCPCs, followed by the microtia and elderly progenitors. Cell viability was maintained over the course of 10 days after extrusion printing.
This study is the first to establish the presence of a subpopulation of multipotent progenitor cells in healthy and microtic human auricular
cartilage, which demonstrated the ability for cartilage matrix production in a 3D culture system. These findings, especially the presence of
functional AuCPCs in the microtia remnant, present a promising potential for clinical translation of tissue-engineering strategies for auricular
reconstruction and for novel autologous regenerative therapies for microtia.
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Effects of Cryopreservation on Adipose Tissue-Derived Mesenchymal Stem Cells
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Mesenchymal stem cells (MSCs) are present in all tissues and differentiated into cells with various specific functions. Recently, cell-based
therapies using MSCs are increasing in the veterinary research and -related developmental fields. In this study, we investgated the cellular
morphology, proliferating capacities, expression of cell surface markers such as CD13, CD34, CD44, CD45, CD90, and CD105, mesodermal
differentiation potentials, and expression of senescence-related markers of p53, p21, and telomerase reverse transcriptase in equine adipose
tissue-derived MSCs (eAD-MSCs) after cryopreservation. The eAD-MSCs were analyzed immediately and after being frozen in liquid nitrogen for
1 year (G1) and more than 3 years (G2), respectively. After cryopreservation for 1~3 years, G2 eAD-MSCs were similar their cellular
morphology, proliferating capacities, and expression of cell surface markers, compared with G1 eAD-MSCs. Also, cryopreservation did not
affect the adipogenic, chondrogenic, or osteogenic differentiation potentials of G1 and G2 eAD-MSCs. Collectively, cryopreservation for (or
over) 3 years maintain the stem cell phenotype and differentiation potentials of eAD-MSCs. These results will be an advantage that can be
effectively used for future development of cell-based therapies.
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Systematic Review of Stem Cell-based Treatments for Diabetic Foot Ulcer: Look for the Perfect Cell Therapy

Olga A. Krasilnikova，Ilya D. Klabukov，Maxim V. Balyasin，Alexey V. Lyundup
Department of Advanced Cell Technologies, Institute for Regenerative Medicine, Sechenov First Moscow State Medical University

Background: Diabetic foot ulcer (DFU) is one of common and serious diabetes mellitus complications that affects approximately 6% of patients
with diabetes1. Besides causing pain and amputation, DFU also imposes substantial economic burden on the healthcare system. Various
clinical trials and meta-analysis confirmed that cell-based therapy is capable of enhancing current DFU treatment 2,3. Our objective was to
perform systematic review of the research examining the effectiveness of various stem cells (SCs) types administered by different ways in order
to improve DFU healing.
Methods: In total, we identified 458 relevant publications in PubMed and 438 were excluded after review of content for not meeting the
inclusion criteria. Efficiency of different types of stem cells were compared according to the re-epithelialization rate calculation.
Results: Overall, our findings indicate that BM-MSCs can be considered as the most effective stem cell type for the treatment of DFU (p<0,05)
in comparison with BM-MNCs, adipose tissue-derived stem cells (ADSCs), and peripheral blood CD34+ cells. However, BM-MSCs differ in their
efficiency. Topical way of stem cells administration significantly increases the effectiveness of stem cell therapy in humans (p<0,05). No
significant data about allogeneic stem cells effectiveness in comparison with autologous was actually presented in articles. Cell dosage and
concentration per wound area require additional data.
Conclusion: We consider that differences in BM-MSCs efficiency might be result of unequal quality of cell culture processing and isolating in
different trials. In our opinion, further clinical trials are essentially required in order to discover huge potential of stem cell-based therapies and
to learn more about therapeutic properties of autologous and allogeneic stem cells.
References:
1. Zhang, Pengzi et al, "Global epidemiology of diabetic foot ulceration: a systematic review and meta-analysis." Annals of medicine
49.2(2017): 106-116
2. Shu X, Shu S, Tang S, et al. Endocrine journal, 65(4), 403, 2018. doi:10.1507/endocrj.EJ17-0424.
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The role of Wnt/ β -catenin signaling pathway in the process of adipose-derived stem cells differentiate into
neurons

wenchen ji1，Wanting Jiang2
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Abstract: Objective To investigate the role of Wnt/β-catenin signaling pathway in the process of adipose-derived stem cells (ADSCs)
differentiate into neurons. Method The third generation of ADSCs were divided into three groups. Induced group use neural induction medium,
inhibited group use neural induction medium which was added in DDK-1, control group use normal culture medium.10 days after culture, Realtime PCR and Western bolt was used to detected the expression of NSE, β-catenin and GSK-3β in each group. Results The expression of NSE
and β-catenin in the induced group was high, and the expression of GSK-3 was low. The expression of β-catenin was lower in the inhibited
group and GSK-3 was higher, the expression of NSE was much lower than that of the induced group, but higher than the control group.
Conclusion The differentiation of ADSCs into neurons is related to activation of Wnt signaling pathway, but Wnt signal pathway is not the only
pathway to regulate ADSCs differentiation which may be controlled by different signaling pathways.
Key words: Wnt/β-catenin signaling pathway; adipose-derived stem cells; neuron; differentiation
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Reducing the risks of tumorigenesis following human induced pluripotent stem cell-derived neural stem/
progenitor cell (iPS-NS/PC) transplantation in spinal cord injury – The role of suicide genes
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Background
The issue of safety is one of the highest concerns when it comes to the clinical application of hiPS-NS/PC transplantation in treating spinal cord
injury (SCI). With certain “tumorigenic cell lines” transplanted into murine SCI models, there is an initial improvement in motor function followed
by an abrupt deterioration secondary to the mass effect of the tumor. A significant proportion of these cells remain undifferentiated post
transplantation. The aim of this study is to selectively ablate these undifferentiated cells whilst preserving the differentiated cells and hence the
motor function.
Methods
The HSVtk gene is a well-known suicide gene used in the clinical setting. Ganciclovir (GCV), the prodrug of HSVtk, can be converted to
cytotoxic GCV-triphosphate by HSVtk, thereby killing HSVtk-expressing cells. It is known to be cell cycle dependent.
In Vitro: We lentivirally introduced the HSVtk gene into a known tumorigenic line of hiPSC-NS/PCs (hiPSC-NS/PC-HSVtk). GCV was
administered 3 weeks after differentiation of these cells.
In Vivo: hiPSC-NS/PC-HSVtk were transplanted into sixteen SCI model mice. GCV was administered to eight of these mice 6 weeks following
transplantation. Motor function was evaluated through weekly BMS scoring together with Rotor Rod and Digigait analysis 12 weeks following
transplantation.
Results
In Vitro: there was a significant decrease in the percentage of immature Nestin and Ki67 positive cells (p<0.01), while the Tuj1 positive
neuronal cells were relatively preserved (p>0.05) (n=3).
In Vivo: In the mice without GCV administration (GCV(-)), an initial improvement in motor function was followed by an abrupt deterioration. In
the mice with GCV administration (GCV(+)), however, the improved motor function was well preserved (p<0.01). Immunohistochemistry
revealed that the immature Nestin, SOX1 and Ki67 positive cells were more abundant in the GCV(-) mice compared to the GCV(+) mice
(p<0.01). There were no significant differences in the percentage of NeuN positive neuronal cells between the two groups (p>0.05).
Conclusion
We were successful in selectively ablating the immature potentially tumorigenic iPS-NS/PCs that had been transplanted into SCI model mice
whilst preserving the motor function gained from the treatment.
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Nanostructured substrates for single-cell multi-cue investigations

Michael Robitaille，Joseph Christodoulides，Marc Raphael，Marc Christophersen，Jinny Liu，Deepa Raghu，Jeff Byers
U.S. Naval Research Laboratory

It has long been recognized by researchers that cellular adhesion depends on the integration of numerous signaling inputs generated by the
chemical and physical properties of the substrate, whether it be the underlying ECM in vivo or functionalized culture surfaces in vitro. The
interplay between these properties and the complex coupling amongst cellular inputs makes it experimentally challenging to deconvolve their
individual contributions to the process of cellular adhesion, and ultimately cellular migration. Indeed, two often investigated substrate
properties that are definitively intertwined are surface chemistry and surface roughness, where changes in the surface topography can greatly
alter the adsorption and presentation of proteins that are necessary for cell attachment. To address this roadblock, we have employed a
combination of electron beam and optical lithographic techniques to fabricate substrates with independently tunable topographical and
chemical signaling cues. Specifically, we are able to precisely control the surface chemistry by spatial control of gold nanodot arrays atop a
quartz substrate that allow for surface functionalization via thiol-based self-assembled monolayer (SAM). Simultaneously, we are able to tune
surface roughness by selectively etching specific areas of gold nanodot arrays into gold-capped quartz nanopillars. The high spatial precision of
this experimental platform allows for the transition from nanodots to nanopillars to occur underneath the footprint of a single cell. This platform
allows, to our knowledge, for the first time single cell multi-cue environments with tightly controlled surface chemistry and roughness. The fact
that this platform allows multi-cue single cell experiments drastically reduces potential confusion of observed cellular responses due to
variations in cell phenotype as well as surface chemistry between experiments. To validate this experimental approach, individual A549 and
MDA-MB-231 cells were exposed simultaneously to RGD-functionalized etched (nanopillars) and non-etched (nanodots) arrays and their
dynamic response characterized.
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In vitro disease models of retinal microvessels
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Blood-retina barrier (BRB) is a restrictive barrier that regulates transport of molecules across the retina. It is further classified into outer BRB
(oBRB) formed by adjoining tight junctions of retinal pigment epithelial cells (RPE) and inner BRB (iBRB) formed by retinal endothelial cells.
Diabetic retinopathy (DR) and age-related macular disease (AMD) are severe eye diseases resulted from disrupted iBRB and oBRB, respectively.
Weaken barrier functions exacerbated by pathological angiogenesis (formation of undesired and unregulated blood vessels) eventually lead to
blindness. Microvascular structures have been found to be altered in patients of diabetes and neurodegeneration as compared to healthy
individuals1, although this observation comes solely from limited clinical studies. Comparing to in vivo models, in vitro models allow vascular
responses and remodeling to be studied relatively easily. Based on versatile microfabrication techniques, we built a microfluidic model of the
oBRB to investigate the barrier integrity and cell-cell interactions under different angiogenic factors (glucose and oxygen concentrations)2. The
model showed heterotypic interactions of RPE and endothelial cells. It is, however, limited to cellular responses and does not recapitulate
dynamic vascular behaviour.
In this study, we overcome such limitation by incorporating hydrogel matrix (collagen, 2.5 mg/ml) into models of retinal microvessels. Human
retinal microvascular endothelial cells (HRMECs) cultured and/or with supporting cells (pericytes and astrocytes) were used to fabricate two
types of microvessels: (1) a single vessel, based on subtractive method as established by Tien et.al.3, and (2) microvascular network formed by
self-assembly of HRMECs seeded into microchannels of customized microfluidic platform. Pericytes were seeded together with HRMECs, not in
direct contact with astrocytes. Variables such as diameter, densities, branch numbers and neo-vessel length were defined and used to
characterize the microvessels of both models under angiogenic factors (glucose and oxygen concentrations) and inflammatory cytokines (TNFalpha) over the duration of experiments. Behaviour of a single vessel and a vascular network are expected to be different. Along with
inflammatory cytokines, anti-inflammatory drug (dexamethasone) and therapeutic agents (taurine) will be tested on the disease models.
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Fluctuations in Tumor m-Organoid Protrusions Govern Lung Cancer Invasiveness:  An Organ-on-Chip Approach
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Cancer invasion involves the growth of the tumor and the directional migration of cancerous cells. During this process, the tumor typically
elongates protrusion-like tructures, which triggers the invasion of cells into the blood vessel, and thereby, initiate metastasis. Recent evidences
using individual cells have identified the key role of membrane protrusion fluctuations in the physicochemical mechanism of directed cell
motion [1]. The exact roles of protrusion fluctuations during tumor growth and invasion have yet not been reported. Different in vitro and in
vivo models have been developed to monitor cancer invasion and its mechanistic determinants. These models display certain limitations, which
threaten the relevancy of the obtained data. In contrast, organs-on-chip can replicate in a microfluidic chip all the key cellular, structural, and
rheological properties of solid tumors, contributing to assess the mechanism at work of the disease [2]. In this work, an organ-on-chip
approach is used to analyze the important role of protrusion fluctuations in the invasiveness capability of lung tumor cells. To this aim, we
developed a tumor blood-vessel-on chip platform containing human endothelial cells to mimic the blood vessel, and lung tumor µ-organoids
embedded into a 3D collagen matrix to mimic the tumor microenvironment. We found that lung tumor µ-organoids extended protrusions
mainly towards the blood vessel channel causing a bias in protrusion distribution. The fluctuating protrusions displayed a continuous
elongation and enhanced lifetime, which correlated with the growth of the tumor µ-organoid. Interestingly, these parameters depended on the
mechanical and rheological properties of the tumor microenvironment, and on the vessel integrity. Finally, the perturbation of the Rho-pathway
using pharmacological inhibitors (injected in the vessel-like channel) altered protrusion dynamics, affecting their invaion capability and
directionality. The results demonstrate that fluctuations of protrusions are key players in the physicochemical mechanism of tumor invasion,
and may have important implications for the development of targeted therapeutic approaches.
Acknowledgements: European Union Framework Programme for Research and Innovation H2020 under grant agreement nº668983FoReCaST.
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Recent progress on hydrogel incorporated microfluidic assay for 3D and heterotypic cell culture
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A simple microfluidic assay for three-dimensional (3D) and heterotypic cell culture has been developed by incorporating hydrogel between
micro channels. The novel 3D assay constructs well-defined biochemical and biophysical stimuli to be applied to multiple cell types interacting
each other, thereby replicating many aspects of the in vivo cell growth, versatile tissue functions and many aspects of diseases. Capabilities
exist for time-dependent manipulation of microflows and chemical gradients as well as high-resolution real-time imaging for observing spatialtemporal collective cell behavior, cell-cell interactions and cell-matrix interactions. The assay can be used to study complex and heterogeneous
conditions of angiogenesis, cancer progress including survival, proliferation and collective migration under precisely controlled cancer
microenvironments, 3D neural growth, and other complicated epithelial monolayers including BBB and glomerular filtration barriers. The assay
was integrated with patient derived organoids of organs (brain, gut, and pancreas) and cancers to handle a chance for high throughput
screening in precision medicine. Applications include the study of previously unexplored aspect of tissue functions diseases, and have already
provided new insights into how microenvironmental factors represent characteristics of a specific organs of each patients.
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Understanding Nanotopographical Regulation of Cell Behavior

Yong Yang，Kai Wang，Jiafeng Liu
Department of Biomedical Engineering, University of North Texas, Denton, TX 76207, USA

Regulation of cell behavior by nanotopography has been widely studied. To facilitate cell adhesion, adhesive proteins such as fibronectin (FN)
and collagen are usually coated on the surface of nanotopography. Cells can be regulated by nanotopographical and/or biochemical cues.
However, the roles of nanotopographical cues in regulating cell behavior are still elusive. Will substrate nanotopography affect cell behavior
indirectly by physically restraining the presentation of adhesive ligands at the substrate surface? Or will substrate nanotopography do affect
cell behavior directly? To answer these questions, we decoupled nanotopographical and biochemical cues and investigated how cells
responded to the defined cues. We first fabricated nanoscale gratings and rectangle array on polystyrene (PS) substrates that the cells could
not deform. Identical nanopatterned rhodamine-labeled FN (rFN) including lines and rectangle array were then stamped on the surface of
different PS nanotopographiies and flat substrates. Human mesenchymal stem cells (hMSCs) were cultured on those substrates. The focal
adhesion organization, cell spreading, nuclear deformation, Yes-associated protein (YAP) intracellular localization, proliferation and
differentiation of hMSCs were studied. It was observed that cell spreading area was not sensitive to the changes of both nanotopography and
adhesive ligands, yet the cells were largely elongated on the nanograting compared to the flat surface, both stamped with rFN. The nuclear
deformation (both size and elongation) was more sensitive to the physical cues than the biochemical cues. The YAP localization, proliferation
and differentiation of hMSCs were also regulated by both FN presentation and physical PS nanotopographies. Our study suggested that both
nanotopographical and biochemical cues played roles in cell regulation and shed light on the rational design of new biomaterials and
interfaces of biomedical devices.
Acknowledgement: The authors would like to acknowledge funding support from the National Science Foundation (CBET 1511759).
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Does Aspect Ratio of Checkered Convexo-concave Micro-pattern control Orientation of Cultured Single Cell?

Shigehiro Hashimoto，Yusuke Takahashi，Kenta Sugimoto，Haruka Hino，Takuya Tamura
Department of Mechanical Engineering, Kogakuin University, Tokyo, Japan

Orientation of cells should be controlled in the engineered tissue. The orientation of the single cell depends on the micro-pattern of the surface
of the scaffold. The chemical micro-pattern on the surface of the scaffold can control the adhesion of the cell in the previous studies. The micro
morphology on the surface, on the other hand, can control the orientation [1, 2]. In the present study, the orientation of C2C12 (mouse
myoblast cell line) has been tried to be controlled by the aspect ratio of the checkered convexo-concave micro-pattern on the surface of the
scaffold in vitro. The checkered pattern, which consists with micro quadrangular prisms (0.01 mm length, and 0.0007 mm height), has been
made by the photolithography technique. Variation has been made on the width of each prism: 0.005 mm, 0.008 mm, and 0.01 mm to make
the variation on the aspect ratio of the top rectangular surface of each prism: 1, 1.25, and 2. Cells were seeded on the micro pattern, and
incubated for 24 hours in the Dulbecco’s Modified Eagle Medium containing 10% fetal bovine serum. The orientation of each cell was observed
with a phase contrast microscope. On the microscopic image, the contour of each cell was traced, and approximated to an ellipsoid. The angle
between the longitudinal axis of each ellipsoid and the shorter side of the top square of the prism was measured. The experimental results
show that the peak of the distribution of the longitudinal axis of each ellipsoid corresponds with the diagonal direction of the top square of the
prism. The checkered micro convexo-concave pattern of the surface of the scaffold can control the orientation of the single cell of myoblast.
References:
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Three dimensional migration of hematopoietic stem/progenitor cells by mimicking bone marrow environment
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Understanding the underlying migration mechanism of hematopoietic stem/progenitor cells (HSPCs) in bone marrow (BM) is very important as
their migration is known to affect viability, stemness, and differentiation of HSPCs. For this establishment of in-vitro models which can mimic invivo environments should be preceded. Even several methods have been introduced utilizing transwells or spheroids, they still have some
limitations. Adopting transwells is hard to satisfy three dimensional migration. The spheroid model requires complex process in analyses. This
study describes a simple model of BM niche consisting of HSPCs and alignate beads containing osteoblasts (OBs), which is believed to make
the experiments and related analyses simple and easy.
Alginate beads were produced under different concentrations of alginic acid solutions (0.6, 1.2, 2.4 and 4.8wt%) with OBs. Then, optimal
concentration of alginic acid solution was determined by live and dead staining. Each alginate bead (d=2mm) contained 1.0x104 cells. Each
well of 96-well plate contained two alginate beads, where HSPCs (4.0x103) were suspended. They were cocultured for 4, 8, 12, 24, and 36
hours. For detecting HSPCs which invaded alginate beads were stained with cell tracker (Thermo, C34552). A confocal microscope (Carl Zeiss)
was used to acquire images that allow observation of movement. The number of HSPCs which invaded into alginate bead was calculated by
MatLab (Mathworks ver.R2017b). Alginate beads without OBs were set as a control group.
The preferable concentration which provided the highest viability of OBs was found 1.2wt%. More number of HSPCs were found in alginate
beads at the time of 4 and 8 hours. As expected alginate beads without OBs inside did not recruit HSPCs.
Through this study, we could confirm that OBs, one of the bone marrow cell types, have an effect on the behavior of HSPCs. The methodology
also demonstrated the potential of being useful in the study of HSPCs migration under biomimetic environments. Further study is necessary to
reproduce the BM niche more accurately by adding additional factors such as micro-mechanical ones.
Acknowledgments: This work was supported by Priority Research Centers Program (2010-0020224, the Ministry of Education, ROK) and by
the National Research Foundation of Korea (NRF) Grant (NRF-2015M3A9B6073643).
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Implementation of a protocol for the isolation and culture of mouse spermatogonial stem cells (SSCs) in Costa
Rica   
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Stem cell biology new studies have caused a high impact in the world of biomedicine, due to its therapeutic potential on damaged tissues and
organs. One of the most important of these cells are the Spermatogonial Stem Cells (SSCs), which reside in the mammalian testes. SSCs are
telomerase-positive, this feature increases their lifespan allowing them to self-renew until late stages of maturity without suffering phenotypical
or physiological changes, becoming of great interest for trials that aim at regenerative medicine. The aim of this study, as a first research phase,
was to implement, on mice, a goat SSCs isolation protocol to characterize the mice cells morphologically. Mouse testicular cells were isolated
by removal of the tunica albuginea, two enzymatic digestions and a filtration at 40 μm. Subsequently, two enrichment methods of SSCs were
evaluated: differential plating and a 20, 28, 30 and 32% discontinuous percoll gradient. Almost all cell cultures were successfully introduced
and maintained (17 days in differential plating and 29 with percoll gradient), except for the 30% percoll concentration, that never showed
cellular growth. It was possible to monitor the cells cultured in vitro without losses due to microbial contamination. The cellular morphology
obtained in the isolations and cultures was similar to the reported in the literature which uses genetic and immunological characterization
methods.
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Imaging Oxygen Gradients in Cell Aggregates and Spheroids
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Cancer cell spheroids are regarded as a more realistic model to study tumour biology. Unvascularized spheroids suffer from a lack of nutrient
(e.g. oxygen) supply towards their centre, due to the nutrient consumption of the cells in their outer shell and limited diffusion. Present
techniques to measure the oxygenation in live 3D cell cultures like Clark-microelectrodes can only measure at one site and consume oxygen
during the measurement. This causes erroneous results in static systems or with small volumes. Hypoxia staining is time consuming and can
only be performed as an endpoint reading after the experiment. Optical oxygen sensors overcome these drawbacks. However, if indicator dyes
applied as such or as sensor nanoparticles easily bleach and generate cytotoxic singlet oxygen. Particle-based sensors additionally alter the
oxygen diffusion through the spheroids and thereby the physiological gradients. We show a compact microscopy-based imaging system based
on planar optical oxygen sensor foils that the spheroids attach to so that spatial and temporal monitoring of oxygen levels and gradients
becomes possible. The planar, biocompatible sensor films do not generate singlet oxygen at the contact site of cells or tissue. The signals from
the sensor films are read out in a non-contact way and thus avoid contamination of the sample. The short distance between the substrate and
the basal cell membrane of about 50-100 nm enables measurement of oxygen concentration in direct proximity of the cells. The system can be
completely incorporated into a normal cell culture incubator and enables long time monitoring of cells under stable growth conditions. In our
studies, we use MCF-7 spheroids as 3D tissue models to show the potential of this technique. Once applied, the spheroids settle down, adhere
to the oxygen sensitive culture substrate forming a hemispherical structure. The recorded 2D oxygen image thus displays the spatial oxygen
distribution of a cross-section through the middle of the spheroid. Thereby, it is possible to gain multiple information, simultaneously. An
overlay of the recorded raw data and the processed oxygen image allows for exact co-localisation. This new tool and its application along
with tailored spheroids provides an experimental basis for pharmacological studies on the influence of drugs or toxins upon respiration,
oxygen gradients, viability and drug efficacy.
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Comparative study of myogenic potential of mesenchymal stem cells from alveolar mucosa and attached gingiva
in 2D and 3D culture
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Availability of autologous cell sources that would be able to differentiate in myogenic direction remains one of the key problems of
musculoskeletal dysfunction and muscular dystrophy replacement cell therapy. The aim of this work was to study spontaneous myogenic
differentiation of mesenchymal stem cells (MSC) from alveolar mucosa (amc) and attached gingiva (ag) in 2D (monolayer) and 3D (spheroids)
culture.
In monolayer 2D culture MSC-ag were not able to spontaneously differentiate in myogenic direction, whereas in 40% of MSC-amc
spontaneous differentiation took place at passage 3-4. Cells formed multinucleated myotubes and expressed MyoD, which is one of the key
regulators of myogenic progenitor cell differentiation and a marker of myogenesis early stages. Expression of sarcomeric alfa-actin
characteristic of differentiated muscle cells in skeletal and cardiac muscles either was absent or a small amount of protein was distributed
evenly in cytoplasm.
In 3D culture in agarose plates obtained with micro-wells (Microtissue, USA) MSC-ag and MSC-amc formed compact spheroids during the first
24 hours. We did not observe spontaneous myogenic differentiation in spheroids from MSC-ag. At the same time, in all spheroids obtained
from MSC-amc by day 7 there were hallmarks of spontaneous myogenic differentiation with the formation of muscle tubes. These differentiated
spheroids did not contain early progenitor cells, there was no expression of MyoD, but we observed not single myotubes but more
differentiated well-formed myofibrils with characteristic nuclei peripheral arrangement and cross-striation, marked by antibodies against
sarcomeric alfa-actin. Oral and gingival mucosa differ in ontogenetic origin and structure due to different mechanical loading, which could
determine differences in myogenic potential of cells from these two areas.
In summary, we showed that 3D culturing of MSC-amc in form of spheroids can stimulate effective spontaneous myogenic differentiation with
myotubes fusing into myofibrils, which is characteristic of mature muscle tissue. These results show that spheroids from MSC-amc can become
an alternative accessible and less invasive source of myogenic cells in vitro.
The study was financially supported by Russian Science Foundation (grant # 17-75-30066).
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Characterization of muscle satellite cells encapsulated in 3D hydrogel system
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Three dimensional (3D) cell culture system provides cells an artificial environment in which allows their growth or interaction with their
surroundings in all three dimensions. Meanwhile, muscle-associated diseases and damages are recognized as life-threatening conditions. They
sometimes seriously down-grade the quality of life. In this study, we intended to develop an optimized culture system for expansion of highquality muscle stem cells using hydrogel bead based 3D culture method and isolated muscle stem cells from tissue. Cell proliferation of 3D
cultured cells was confirmed by MTT assay and myogenic related gene and protein expression was analyzed by RT-PCR and
immunocytochemistry, respectively. As a result, for the cell proliferation aspect, the 3D culture method was not better than the general 2D
culture method. However, the affinity and phenotype in 3D cultured cells were higher than the 2D cultured cells. There results indicated that
3D culture using hydrogel beads was useful for the quality of muscle stem cells, yet further work should be done to improve its cell
proliferation.
We would like to acknowledge the financial support from the R&D Convergence Program of NST (National Research Council of Science &
Technology) and the Korea Healthcare technology R&D Project (HI16O1002), Ministry for Health, Welfare & Family Affairs, Republic of Korea
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Cellular ecosystem of the human uterus
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The human uterus is a highly dynamic tissue that undergoes repeated damage repair and regeneration along the menstrual cycle, which make
it ideal model to study tissue regeneration and pathological process. Stem/progenitors were shown to be involved in the regeneration of
endometrial epithelial and pathogenesis of endometriosis. But the identity and regulatory mechanisms of the uterus epithelial stem/progenitors
in vivo remain unclear. Here, we dissected the cell heterogeneities of the human uterus epithelial cells, stroma cells, endothelial cells,
myofibroblasts, immune cells and smooth muscle cells from 2735 single cell from the full-thickness human uterus by single cell RNA-seq.
Further analysis showed subgroups of ciliated and secretory epithelial cells in the uterus, among which we found a unique cell cluster that
exhibit characteristics of epithelial-mesenchymal transition (EMT) that mainly localized in the upper functionalis of the endometrium. Ordering
the cell subpopulations along the pseudo-space revealed cell clusters possess cellular states of stress, inflammation and apoptosis in the upper
functionalis cellular ecosystem of the endometrium. Connectivity map among the human uterus subpopulations revealed potential
inflammatory and developmental-like signals from the upper functionalis cellular ecosystem of the endometrium, especially from other epithelial
clusters, regulating cell plasticity of the EMT-epithelial clusters. This study reconstructed the heterogeneities, space-specific distribution and
connectivity map the atlas of human uterus, which might provide insight in the repeated regeneration of endometrial and pathogenesis of
endometriosis.
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A 3D bone marrow niche model to study normal hematopoiesis
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The bone tissue is intricately connected to the bone marrow, which constitutes the niche needed for normal hematopoiesis. The bone marrow
niche supports and tightly regulates the hematopoietic stem cells (HSC). The maintenance and self-renewal of HSCs depends on the bone
marrow niche. At present, it is not possible to culture primary HSCs for a prolonged period of time in vitro. In order to gain better insight in the
cellular and molecular interactions taking place in the bone marrow niche, it is necessary to have a reliable culture model. In this project, we
designed a reconstituted bone marrow microenvironment that can be used as a culture model for hematopoietic stem/progenitor cells
(HSPCs). This bone marrow model should ideally support HSPCs without the use of supportive feeder cell lines or addition of cytokines to the
culture medium.
Different combinations of human cells (multipotent mesenchymal stromal cells (MSCs), their adipogenic and osteogenic derivatives, and
endothelial progenitor cells) were investigated for their potential to maintain primary cord blood derived CD34+ HSPCs in various 3D
hydrogels. Cell viability, clonogenic hematopoietic potential and surface marker expression were assessed at different time points during 14
days of coculture. The combination of both MSC derived adipogenic cells, osteogenic cells and progenitor derived endothelial cells
outperformed other cell combinations, displaying a supportive capacity comparable to the standard supportive stromal cells line, MS5.
Different effects of the tested hydrogels as a 3D environment were observed in stimulating CD45+ cell formation, whilst maintaining the pool of
CD34+ HSPCs. The formation of a hypoxic environment within the hydrogels was also observed, potentially beneficial for the survival of the
HSPCs.
A 3D bone marrow model was developed, supporting the in vitro culture of primary CD34+ HSPCs for two weeks without feeder cells or
additional cytokines. The primary cell based model performed comparable to MS5 cells, providing the possibility to further investigate
interactions between HSPCs and the reconstituted 3D bone marrow environment.
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Keloid Fibroblast Heterogeneity and the Development of an Anti-Recurrence Keloid Biomaterial Treatment

Stuart John Brown，Elena Garcia-Gareta
Regenerative Biomaterials Group, RAFT Institute, Middlesex, UK

Keloids are unsightly and uncomfortable epidermal growths which result from uncontrolled pathological wound healing processes1. Although
readily accessible for surgical excision, keloids are notorious for recurring at an excised site, ultimately becoming larger and worse than before
surgery. Current treatment aims to slow or control keloid growth, or mitigate symptoms, but rarely offers a lasting cure. Development of new
treatments is hampered by poor understanding of the molecular and cellular biology of the disease2, which presents as a dysregulation of
normal wound healing, culminating in the persistent activation of a pathological population of Keloid fibroblasts (kFBs), overproduction of
collagen, over-proliferation, and formation of the keloidal mass. However, the spatial patterning of lesions, precipitating events, contributing
systemic factors, and the involvement of multiple cell types and pathways all involved in kFB activation make this condition highly variable and
complicate the development of new treatments.
Surgical removal of keloid tissue offers an opportunity to treat wounds with a dermal scaffold designed to reduce the chances of recurrence by
preventing the re-establishment of the keloidal process at a disease site. One potential approach would reduce colonisation of the disease site
with kFBs, favouring influx of a patient’s normal primary fibroblasts from surrounding areas using a selective dermal matrix. RAFT’s cell bank
includes 12+ kFB colonies established from different patients, and so as a first step towards development of such a scaffold, the heterogeneity
of keloid fibroblast lines was studied, both between different individuals, within an individual cell line, and in relation to reported markers from
the literature. The ability of kFBs to colonise common dermal scaffolds was analysed, both alone and in combination with primary dermal
fibroblasts. This work establishes functional similarities between independently derived kFBs, and how these differ from normal primary human
fibroblasts, which can be exploited to preferentially select one over the other.
1 Al-Attar, A., Mess, S., Thomassen, J. M., Kauffman, C. L., & Davison, S. P. (2006). Plastic and Reconstructive Surgery, 117(1), 286–300.
2 He, Y., Deng, Z., Alghamdi, M., Lu, L., Fear, M. W., & He, L. (2017). Cell Proliferation 50(2), e12326
This work was funded and undertaken by the Restoration of Appearance and Function Trust (registered charity number 299811)
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HDAC2 as a molecular driver of aging and Alzheimer’s disease in a human in vitro model
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Brain aging is a significant contributor to cognitive decline and the onset of neurodegenerative conditions, such as Alzheimer’s disease (AD). In
order to combat the progression of such conditions, it is necessary to identify the molecular alterations that take place throughout the course
of aging that impair neuronal function and predispose these cells to degenerative changes. Due to the limited accessibility of viable ageappropriate human brain tissue, development of accurate in vitro platforms, such as human induced pluripotent stem cells (hiPSC)-derived or
transdifferentiated neurons, that can be used to dissect cellular pathogenic mechanisms of AD is advantageous. Elevated histone deacetylase 2
(HDAC2) has previously been identified in aged brains and AD tissue. HDAC2 is a compelling candidate mediator of age-related decline in
neuronal health and function because it is the major HDAC protein in the brain, and elevation of HDAC2 leads to epigenetic repression of
neuronal genes that sustain cognitive function. The exact role of HDAC2 in brain aging, how it affects AD pathogenesis, and whether this can be
incorporated into an in vitro model is not known. Our studies indicate that modulation of HDAC2 expression in hiPSC-derived neurons
regulates expression of mitochondrial genes and levels of amyloid beta (Aβ), whose accumulation in the brain is a pathologic hallmark of AD.
Furthermore, we have collected data that indicates a knock-down of HDAC2 in these neurons reduces levels of Aβ peptides. Thus, increased
HDAC2 with aging could lead to downstream dysregulation of HDAC2 targeted proteins important to mitochondrial function, and these effects
on cellular metabolism may directly affect molecules related to AD pathogenesis. Our experiments investigate HDAC2 as a novel molecular
driver of aging phenotypes in human neurons and as a potential new model of AD in vitro.
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New in vitro model for studying reparation of retinal pigment epithelium based on laser microsurgery of
multicellular spheroids

Nastasia V. Kosheleva1,2，Inna V. Ilina3，Irina M. Zurina1,4，Anastasiya A. Gorkun1,4，Dmitrii S. Sitnikov3，Mikhail B. Agranat3，Sergey A. Borzenok5，
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Institute for High Temperatures of the Russian Academy of Sciences, Moscow, Russia，4Institute for Regenerative Medicine, Sechenov University, Moscow, Russia，5S.Fyodorov eye microsurgery
federal state institution, Moscow, Russia

Retinal pigment epithelium (RPE) plays an important role in physiology of vision and supports functional state of retina. Studying reparation of
RPE is significant for searching new ways of therapy of different eye degenerative diseases. Spheroids represent 3D spherical cell clusters that
self-organize due to cells’ natural adhesive properties. In spheroids, cells form intercellular contacts and contacts with extracellular matrix,
thereby forming a structure, the organization of which resembles the organization of tissues in vivo. The aim of the study was to develop a new
approachable and reproducible model for studying reparation in vitro using 3D culture of RPE cells and modern methods of laser microsurgery.
The study was conducted on spheroids obtained from human RPE cells in agarose plates with micro-wells (Microtissue, USA). Spheroids were
irradiated using the Palm CombiSystem (Zeiss, Germany) nanosecond laser scalpel. Nanosecond laser pulses (wavelength 355 nm, frequency
100 Hz, pulse duration 2 ns, the energy of laser pulses 3-6 μJ, exposure time 10-30 s) were applied to perform an effective microdissection of
the outer and the inner zones of RPE spheroids with preservation of spheroid viability. We analysed the process of reparation using live timelapse microscopy in Cell-IQ device (CM Technnology, Finland), as well as light, fluorescent and scanning electron microscopy.
During the first 5 minutes after dissection, we observed the opening of wound edges for up to 130°. In the cut region, the injury resulted in
cell death and spheroid’s structure destruction – the remaining live cells lost intercellular junctions and became round-shaped. At the same
time, the part of spheroid not exposed to laser radiation preserved the initial structure with epithelial-like surface (ZO1+, E-cadherin+) and
polygonal inner cells. 25 min after dissection, wound edges started to close. 24 hours after injury, we observed formation and partial
phagocytosis of dead cell debris, live cells at the surface layers started to epithelize and to form single intercellular junctions (ZO1+,
E-cadherin+). The full recovery of initial spheroid structure (with epithelial surface and polygonal inner cells) finished by day 7 after
microdissection due to cell rearrangement without proliferation.
In summary, the developed model of RPE spheroid injury using laser microdissection offers new opportunities for studying mechanisms of
regeneration and reparation of human eye.
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Effects of Wnt Signaling on Differentiation of Estrogen-deprived Human Bone Marrow Stromal Cells

Premjit Arpornmaeklong1，Prison Pripatnanont2
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The current study aimed to investigate effects of Wnt signaling molecules on growth and osteogenic and adipogenic differentiations of human
bone marrow stromal cells (hBMSCs) in estrogen deprived (ED) cell culture. Human BMSCs were cultured in growth and differentiation culture
media supplemented with regular fetal bovine serum (FBS) and estrogen-deprived fetal bovine serum (ED-FBS) for 7-21 days. To investigate
effects of estrogen and canonical Wnt signaling molecules on growth and differentiation of ED-hBMSCs, estradiol, lithium chloride (LiCl), Wnt
10b protein and estrogen receptor α (ERA) inhibitor (Fulvestrant) were supplemented in growth and adipogenic (ADP) and osteogenic
differentiation culture media. Cell viability and alkaline phosphatase activity assays, quantitative reverse transcriptase polymerase chain
reaction (qRT-PCR) and oil red O and alkaline phosphatase staining were performed to characterized growth and osteogenic and adipogenic
differentiation of ED-hBMSCs. It was shown that ED changed cell morphology, decreased cell growth and altered differentiation potential of
ED-hBMSCs. Expression patterns of gene associated with adipogenic differentiation in ED- and FBS-ADP culture media were in reverse.
Estrogen, lithium chloride (LiCl) and Wnt10b protein were able to enhance expression of Wnt10b gene and promote osteogenic and inhibit
adipogenic differentiations of ED-hBMSCs. Estrogen receoptor antagonist, Fulvestrant, inhibited stimulating effects of estrogen, LiCl and Wnt10b
on osteoblastic differentiation of ED-hBMSCs. The findings suggested that LiCl and Wnt10b might be able to function as estrogen replacement
to regulate differentiation of ED-hBMSCs and ERA is an essential factor regulating stimulating effects of wnt signaling on the differentiaton of
hBMSCs in ED osteoporosis.
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Soluble viscous polymer environments alter cell mechanosensing and behaviour
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Both the extracellular matrix (ECM) and fluid (ECF) contribute to biomechanical responses of cells influencing cell phynotype. The use of
degradable polymer scaffolds in tissue engineering or the direct use of soluble polymers changes the physical characteristics of the ECF such as
osmotic pressure and viscosity. We hypothesised that high ECF viscosity caused by inert polymers can influence the biomechanical responses
to the ECM affecting cellular behaviour.
Liver cancer cell lines (HepG2 and PLC/PRF/5) were seeded on polyacrylamide gels of varying stiffness functionalised with human fibronectin,
considering ~1 kPa gels healthy liver-like and ~10 kPa gels fibrotic liver-like substrates. As viscosity enhancers we used biocompatible
polymers (1% sodium alginate (65 cP); 1% PEG 20,000, (3 cP); 1% PEG 1,000,000, (40 cP)). Cell morphology, mechanotransduction pathway
activation, and cellular traction forces were analysed. Also, the role of the actin cytoskeleton in viscosity-induced effects was explored.
Viscous ECF caused a significant increase in cell area in cells seeded on 10 kPa gels but not on 1 kPa gels. Moreover, cells appeared scattered
in high viscosity-10 kPa gel conditions and presented mechanotransduction pathway activation leading to enhanced nuclear localisation of both
YAP and β-catenin due to a loss of cell-cell contacts and morphological changes. Traction force microscopy revealed enhanced total cellular
traction force in both HepG2 and PLC/PRF/5 cells. Disruption of the actin cytoskeleton effectively blocked viscosity-induced effects on cells
grown on 10 kPa gels, but this inhibition was lost when cells were adhered to >40 kPa gels, demonstrating that viscosity-induced effects are
independent of actin polymerisation at supraphysiological stiffness. Finally we demonstrated a role of ECF viscosity on integrin-dependent cellsubstrate adhesion dynamics leading to enhanced cell migration and area.
These findings reveal a major role for the viscosity of the ECF in cellular behaviour that may have implications in biomaterial design and cancer
therapy.

316

a92406

02-P050

Focusing on the Cellular Communication between Sensory Neurons and Endothelial Cells in view of Angiogenesis  

Bruno Paiva dos Santos，Alice Leroux，Hugo Oliveira，Joelle Amedee
Inserm U1026, Universite de Bordeaux, France

Innovative bone tissue engineering strategies have been focusing on the dialogue between different cell types for building and remodeling a
functional tissue after severe tissue lesion. Although angiogenesis is considered to play a pivotal role in the bone regeneration process the
importance of neurons has been largely ignored. Denervation studies have revealed the impact of the peripheral nervous system on bone
turnover and physiological evidence supports the importance of the sensory neurons (SNs) as important regulators of bone regeneration. At
cellular and molecular levels, reciprocal regulation among bone-forming cells, vascular endothelial cells (ECs) and SNs should control the
formation of vascularized and innervated bone tissue through the activity of different molecules. Moreover, we have recently shown the impact
of SNs on the osteoblastic differentiation of mesenchymal stem cells. Here, the aim of this study is to evaluate the interaction between SNs and
ECs to understand the interplay between angiogenesis and innervation in a bone repair and vascular remodeling scenario. For that, we used rat
primary cell cultures: dorsal root ganglia-derived SN and bone marrow-derived EC in 2D and 3D cultures. Firstly, we established cocultures
between SNs and ECs in 2D, in microfluidic platforms. This approach separates cellular bodies from the distinct cell types and permits cellular
communication through microchannels with very precise dimensions. After 4 days, SNs were able to form neurites towards the EC
compartment where they closely interact. When we assessed the ECs gene expression, we detected a significant upregulation of Tek1 and
Pecam1 in ECs cocultured with SNs on day 7 relatively to day 4, indicating that coculture with SNs may induce vascular development. In
addition, Mmp2 was strongly upregulated in ECs cocultured with SNs after 4 and 7 days relative to monocultured ECs, suggesting a role of SNs
on vascular remodeling and sprouting. For 3D evaluation, we encapsulated ECs in type I collagen matrix, and SNs were seeded on the
hydrogels. Specific immunostaining after 4 and 15 days of 3D direct coculture demonstrated that ECs formed aggregates and SNs emitted long
neurites, which surrounded them, reinforcing the regulated cellular organization important for the vascularization process. Our preliminary
results suggest that SNs can closely interact with ECs, and SNs may modulate EC’s gene expression and stimulate vascular remodeling.
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HUVEC CULTIVATED ONTO DIFFERENT ELECRTOSPUN 3D MATRICES: COMPARATIVE STUDY OF GENE
EXPRESSION BY NGS  
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Endothelial cell monolayer formed de novo onto the inner surface of vascular graft (VG) is believed to be the necessary for long term
functioning of small diameter VG. The effectiveness of the adhesion and proliferation rate of endothelial cells on the surface of 3D matrices is
known to depend on the composition of scaffold and its surface structure1,2. In this regards, the effect of 3D scaffolds composition on gene
expression profile of primary endothelial cells from human umbilical vein (HUVEC) was studied by mRNA sequencing on HiSeq 2500 platform.
3D matrices were manufactured from solutions of polycaprolactone (PCL) and PCL/gelatin blends in hexafluoroisopropanol. Gelatin was
additionally fixed by glutaraldehyde (GA) with subsequent reduction of Shiff bases. HUVEC were seeded on the surface of matrices and/or cell
culture plates and cultivated for a few days before RNA isolation. HUVEC were obtained from two biological donors were used in the study.
Quality of RNA samples was tested by Bioanalizer, TruSeq Stranded mRNA library preparation kit and HiSeq 2500 sequencing were executed in
the Center of Biotechnology and Sequencing of Turku.
For each sample tested more than 107 reads were obtained. Overall QC and the correlation between samples (>0.96) confirmed good quality
of the experimental design and usefulness of the data for subsequent bioinformatics analysis. RNA-Seq data were aligned to reference genome
(human hg38), normalized and analyzed for differentially expressed genes using Cufflinks package and DESeq pipeline. Functional gene analysis
was performed using Gene Ontology database in order to picked genes that determinate functional status of the endothelium. Composition of
polymers used for 3D matrices production was shown to influence greatly the expression of characteristic for endothelium genes. Cultivation of
HUVEC in bioreactor under the flow of culture medium essentially affects gene expression. Differential and PCA analysis showed that the
functional status of HUVEC cultured on PCL-gelatin 3D matrices treated with GA is closest to the status of the cells cultured on plates as
monolayer.
References:
1. T.W. Chung, Biomaterials, 2003.
2. R. Yao, Journal of Biomaterials Science, Polymer Edition, 2016
Acknowledgments:
The study was supported by RNF №17-75-30009.
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Immunomodulatory and Cytotoxic Effects of Silver Antiseptics on Human Cells
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Silver in various forms is a widespread antiseptic used mainly in wound healing applications. It is also favorited as an active antimicrobial
component of implanted biomaterials, usually in form of silver nanoparticles. Yet, the growing evidence shows that similar to other antiseptics
the high antimicrobial activity is accompanied by toxicity to the eukaryotic cells of patients. For this reason, we evaluated the toxicity of silver
preparations used in commercially available products (mainly targeted to the wound healing applications). The eluates from silver-containing
dressing were tested on in vitro (using primary human fibroblasts and primary immune cells or monocytic cell line THP-1) an in ex vivo (porcine
skin explants) models. We focused our effort on the description of molecular pathways which are involved in silver toxicity and on the
elucidation of its effect in complex systems (tissues, whole blood).
Results showed that the silver eluates decreased the viability of primary fibroblasts by more than 70% after 24h and they primary caused
necrosis and not apoptosis. Silver was also able to penetrate deep into the tissue in ex vivo experiments using porcine auricles. The silver
deposition is tissues correlated with massive DNA damage as measured by DNA repair marker, γ -H2AX, in histological analysis. This marker
was quantified using western blot and the γ -H2AX amount correlated with the amount of silver eluted from dressings (determined by ICP). The
subsequent gene expression analysis showed an increase of several other DNA damage related genes including GADD45G (DNA damage
responder), HSPH1 and DNAJA1 (heat shock proteins). Moreover, the eluates were able to modulate the immune response in both monocytes
(activation) and neutrophils (inhibition) which can lead to decrease defense against the microbial contaminants in the implants and possibly
induction of foreign-body response.
Thus, while silver is a proven potent antimicrobial it is necessary to consider the possible negative effects on host cells and carefully evaluate
silver release in biological fluids which is an essential parameter for assessment of both its activity and toxicity.
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Isolation and characterization of primary fibroblast‑like cells from pes equinovarus tissue for adjunctive
non‑invasive chemical treatment testing

Martina Doubkova1,2，Jarmila Knitlova1，Martin Plencner1，Martin Ostadal3,4，Adam Eckhardt1，Marta Vandrovcova1
1
Institute of Physiology of the Czech Academy of Sciences, Prague, Czech Republic，2Second Faculty of Medicine, Charles University, Prague, Czech Republic，3First Faculty of Medicine, Charles
University, Prague, Czech Republic，4University Hospital Bulovka, Department of Orthopaedics, Charles University, Prague, Czech Republic

The study aim contributes to treatment of pes equinovarus congenitus (PEC), one of the most common foot deformities, by introducing a
substance for application directly into the tissue to reduce fibrosis on the medial side of the PEC. The treatment should improve the outcome
of current non‑invasive casting methods and decrease the percentage of patients in need of additional surgery. Similar method is clinically used
with the Dupuytren disease, to which PEC is often compared to.
The tissue samples acquired from the medial and lateral sides of the PEC during surgery served for isolation of primary cell culture,
characterized by flow cytometry monitoring CD90, CD34 markers together with fluorescent staining (type I collagen, SM α-actin, myosin,
desmin). Cell adhesion, viability and morphology of medial and lateral side were evaluated, with fibroblasts from articular hip capsule as a
control. Determining concentration of each substance (Relaxin, Minoxidil, Tamoxifen) relatively safe to cells in terms of viability but reducing
proliferation and extracellular matrix production was done by x-Celligence system for real-time measuring (164 hours). A threshold
concertation of ethanol, which was used for dilution of the substances, was tested as a potentially toxic agent to the cells.
Optimized isolation procedure involved mechanical and then enzymatic homogenization in collagenase and neutral protease solution
overnight on a shaker at 37°C and 5 % CO2. Cultivation in DMEM with 20 % FBS proved to provide best proliferation conditions. The primary
cell culture contained predominantly fibroblasts, admixture of myofibroblasts and fibrocytes (< 3 %), myoblasts and fat cells (< 0.1 %). Pure
fibroblast culture was obtained after 3rd passage. PEC fibroblasts as well as the control cells adhered to the tissue culture dish completely after
5 hours of incubation. Appropriate concentration of Relaxin was determined at 50-1000 nmol∙dm-3, Minoxidil at 0.25-1 nmol∙dm-3, Tamoxifen at
10-20 µmol∙dm-3. Reduction of proliferation upon addition of those substance concentrations turned out to be reversible. Additional thorough
investigation of the effects of the substances on either the PEC fibroblasts or whole tissue samples in static as well as in dynamic system which
emulates the physiological mechanical load is subject to our current studies.
Supported by the Ministry of Health of the Czech Republic (AZV 17‑31564A), the Grant Agency of the Czech Republic (P108/12/G108) and
the Charles University, project GA UK No. 336218.
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Upregulating mTOR/ERK signaling by Leonurine for promoting angiogenesis and tissue regeneration in a fullthickness cutaneous wound model
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Wound therapy remains a clinical challenge due to the poor vascularization during healing process and high demand of achieving functional
and aesthetically satisfactory scars. Newly-formed blood vessels are necessary for wound healing since they can provide nutrients and oxygen
to the wound area. In this study, the role of Leonurine (LN), a traditional Chinese medicine isolated from Herba leonuri, in promoting
angiogenesis and its function in wound healing has been investigated. Results of co-culture with human umbilical vein endothelial cells
(HUVECs) demonstrated that LN treatment (5-20 mM) could promote the proliferation, migration and enhance the ability of in vitro
angiogenesis through up-regulating the mTOR/ERK signaling pathway. Furthermore, a full-thickness cutaneous wound model was used to
investigate the healing effect of LN in vivo. Intragastrically administration of 20 mg/kg/day LN stimulated the regeneration of more blood vessels
at the wound sites, which confirmed the in vitro results of promoting angiogenesis. Due to fast vascularization, the collagen matrix deposition
and remodeling processes were also accelerated in LN treated wounds, resulting in efficient wound healing. In summary, LN promoted
angiogenesis of endothelial cells in vitro by activating the mTOR/ERK pathway, and could efficiently enhance the angiogenesis and collagen
deposition of the regenerated tissue, together facilitating the wound healing process in vivo. This study provides evidence of LN for stimulating
angiogenesis and tissue regeneration in skin wounds, especial in ischemic wounds.
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Effects of Tirofiban on Random Skin Flap Survival in Rats
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Background: Tirofiban is a glycoprotein IIb/IIIa receptor antagonist, widely used in clinical settings. We investigated the effect of Tirofiban on
the survival of random skin flaps.
Materials and Methods: McFarlane flaps were established in 60 rats divided into two groups. Postoperative celiac injections were given to
both groups for 7 days. Tirofiban was injected into the test group, and saline was injected into controls. On day 7, tissues were stained with
hematoxylin and eosin, immunohistochemically evaluated, while oxide-gelatin angiography was assessed for angiogenesis.
Results: The mean area of flap survival in the test group was significantly higher compared with the controls. Expression of vascular endothelial
growth factor and skin flap angiogenesis, superoxide dismutase, and microvessel development, were markedly increased in the test group, and
the malondialdehyde level was reduced.
Conclusion: Tirofiban promotes random skin flap survival.

319

a90375

02-P056

Effects of Batroxobin on the Survival of Random Skin Flaps in Rats
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BACKGROUND
How to enhance the survival of the random skin flap is very important in the plastic surgery.
METHODS
Dorsal McFarlane flaps were harvested from 40 Sprague-Dawley rats in 2 to 3 months old. The research was conducted with the permission of
the Wenzhou medical university ethical committee and in accordance with international health and medical research guidelines for animal
welfare. 20 male rats were randomly assigned to the batroxobin-treated as experimental group, the other rats in control group with normal
saline. Batroxobin or normal saline (5BU/kg/day) was administered via the tail vein once daily. On batroxobin day 2, superoxide dismutase
(SOD) and malondialdehyde (MDA) were detected using test kits. On day 7, Flap survival rates were evaluated with transparent graph paper
under direct visualization, the levels of inflammation were examined by haematoxylin and eosin (H&E) staining, and the expression of vascular
endothelial growth factor (VEGF) was immunohistochemically evaluated. Microcirculation flow on the flaps were measured by laser Doppler
flowmetry(LDF) in all rats. Flap angiography, according to a modified lead oxide-gelatin injection technique, were obtained and radiographed
with a soft X-ray machine.
RESULTS
The mean survival area of the batroxobin group was markedly larger than that in the control group. Microcirculation flow increased to some
extent. SOD activity was increased significantly while MDA level was significantly reduced. H&E-stained slices revealed that inflammation was
inhibited in the experimental group. VEGF expression markedly increased in the batroxobin group. Compared to the control group, the
microvascular imaging area range was significantly greater in the batroxobin group.
CONCLUSION
This study verified that batroxobin can effectively improve random skin flap survival in rats. Batroxobin can effectively improve random skin flap
survival by promoting the blood vessel growth. Batroxobin can effectively improve random skin flap survival by inhibiting inflammation and
redurce the ischemical reperfusion injury.
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In vivo Application of Camptothecin-loaded Nanoparticles for Targeted Breast Cancer Therapy
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Breast cancer (BCa) is the leading cause of cancer death in women in Australia and worldwide and has a high tendency to metastasize to bone
(>50%). Most current therapies however lack long-term efficiency creating a need for innovative therapeutic approaches. Camptothecin (CTH)
is a highly cytotoxic chemotherapeutic compound, but poorly soluble and non-specific. It entered phase I and II clinical trials, but was
discontinued due to severe toxic side effects. Loading this drug into porous silicon nanoparticles (pSiNPs) together with the EGFR-targeting Ab
Erbitux® (cetuximab) generates a promising anti-cancer treatment , which was tested in vivo.
Humanized tissue engineered bone constructs (hTEBCs), consisting of a tubular medical grade polycaprolactone (mPCL) scaffold seeded with
human osteoblasts and a GelMA-core containing HUVECs and MSCs, were subcutaneously implanted into female NSG mice, providing a
humanized microenvironment for BCa bone metastases. Injection of metastatic breast cancer cells into the murine mammary fat pad led to the
formation of a measurable primary tumour, which was subsequently treated with differently functionalized pSiNPs.
Bone development in the hTEBC before and osteolytic activity after BCa cell injection was monitored by CT. Varied prevalence of osteolytic
metastatic lesions in the hTEBCs was observed and morphologically confirmed by µCT. IVIS analysis showed a decrease in lung metastasis for
treatment groups receiving CTH-pSiNPs. Human origin of the metastases as well as differences in proliferation and apoptosis in the primary
tumor were confirmed by histology and IHC.
These results indicate that the targeted delivery of CTH via pSiNPs is an effective approach to make this and other potent anti-cancer
compounds with moderate pharmacokinetic profiles available for cancer therapy.
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A Tissue-Engineered Prostate Cancer In Vivo Model That Recapitulates The Human-Specific Effects of The
Therapeutic Antibody Denosumab

Marietta Landgraf1，Christoph A. Lahr1，Abbas Shafiee1,2，Alvaro Sanchez1，Christoph Meinert1，Dietmar W. Hutmacher1,3,4，Jacqui A. McGovern1
Institute of Health and Biomedical Innovation, Centre in Regenerative Medicine, Queensland University of Technology, Brisbane, Australia，2Centre for Clinical Research, The University of
Queensland, Brisbane, Australia，3George W Woodruff School of Mechanical Engineering, Georgia Institute of Technology, Atlanta, United States of America，4Institute for Advanced Study,
Technical University Munich, Garching, Germany
1

Prostate cancer (PCa) is the most frequently diagnosed cancer (21%) and the second leading cause of cancer death (8%) among the male
population in industrialized countries. In advanced stages PCa is known for its high prevalence to metastasize to bone. However, with the
currently available treatment options being at best palliative and pain-relieving, patients with metastatic bone disease remain incurable until
now. Efforts to develop new treatment approaches for metastatic bone disease have been hampered by most animal models not being
capable of mimicking the human microenvironment of bone metastasis adequately. The obtained results reflect human-mouse interactions and
cannot be transferred to the clinical situation. With our humanized mouse model for PCa bone metastasis we aim to recapitulate humanhuman interactions relevant for disease development and progression. To validate the level of humanization of our model, human-specific
treatment regimens were applied.
Humanized tissue engineered bone constructs (hTEBCs), consisting of a tubular medical grade polycaprolactone (mPCL) scaffold seeded with
human osteoblasts and a GelMA-core containing HUVECs and MSCs, were subcutaneously implanted into male NSG mice, providing a
humanized microenvironment for PCa bone metastases. Ultrasound-assisted intracardiac injection of metastatic PCa cells led to the formation
of metastases, which were subsequently treated with the antibody Denosumab, targeting specifically human Receptor activator of nuclear
factor kappa- Β ligand (RANKL), and the nitrogen-containing bisphosphonate Zoledronic acid.
Bone development in the hTEBC before and osteoblastic and osteolytic activity after PCa cell injection was monitored by CT. Metastatic PCa
lesions in the hTEBCs were observed and morphologically confirmed by µCT. Bioluminescent imaging showed a decrease in metastases in the
hTEBCs for treatment groups compared to PBS. Human origin of the metastases as well as differences in metastatic load were confirmed by
histology and IHC.
These results indicate that our humanized mouse model for PCa is capable of recapitulating the human disease closely enough to show the
therapeutic effects of human-specific therapeutics, thus being of high significance for translational research.
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The c-Met agonist of the bacterial origin Internalin B accelerates regeneration of soft tissues

Yaroslava Mikhailovna Chalenko1，Konstantin Alexandrovich Sobyanin1，Marina Rafailovna Kapkaeva1，Elena Vladimirovna Sysolyatina1，
Alexandra Yakovlevna Lavrikova1，Egor Valerievich Kalinin1，Konstantin Yurievich Midiber2，Luidmila Mikhailovna Mikhaleva2，
Olga Nikolaevna Sheglovitova1，Svetlana Alexandrovna Ermolaeva1
Gamaleya research center of epidemiology and micribiology，2Research Institute of Human Morphology, Moscow, Russian Federation

1

Hepatocyte Growth Factor (HGF) is known to control regeneration of soft tissues. The transmembrane tyrosine kinase c-Met is a HGF cognitive
receptor c-Met the proliferation and motility of hepatocytes, and many endothelial and epithelial cells. Therapeutic applications of HGF are
aggravated by a short half-time of recombinant human rhHGF in the bloodstream potential carcinogenic and autoimmune effects of DNA
vaccines. Bacterial toxins that provide mitogenic signaling in mammalian cells might replace human ligands. Internalin B (InlB) is a Listeria
monocytogenes invasion factor that interacts with the receptor c-Met and induces downstream signaling. InlB is a functional but not structural
analog of HGF (Bierne and Cossart, 2002).
We compared a regenerative potential of InlB and rhHGF on HUVEC cells in vitro, and on mouse models of abrasion wounds and toxic liver
damage. InlB was cloned from L. monocytogenes strain VIMHA015 and purified via His-tag.
InlB and rhHGF stimulated HUVEC proliferation and migration. The mitotic index (MI) was 1.04, 14.14, 22.63 % for negative control, HGF and
InlB, respectively (p<0,05). HGF and InlB caused +32% and +108%, respectively, cell multiplication in the MTT test. Both InlB and rhHGF
caused actin rearrangements and stimulated cell migration as the scratch test demonstrated on the HUVEC monolayer. Obtained results
demonstrated that InlB provided mitogenic and motogenic effects in primary cells and that InlB activity is comparative or higher than rhHGF
activity.
On the murine model, we demonstrated that InlB (300 µg/ml) topically applied to the fresh nape skin wound diminished wound closure halftime and total closure time by about 24 % and 14%, respectively.
On the model of the CCl4-induced acute liver damage, we evaluated InlB potential for liver regeneration. InlB accelerated liver restoration in
the same way or better as rhHGF did as serum biochemical testing and liver macroscopic studies demonstrated. Particularly, liver mass
restored 3 days earlier for mice treated with InlB and rhHGF than for control animals. ALT returned back to normal 3 days earlier for InlB than
for rhHGF. Taken together, obtained results demonstrated the potential of the recombinant bacterial protein InlB for soft tissue regeneration.
1.Bierne H, Cossart P, InlB, a surface protein of Listeria monocytogenes that behaves as an invasin and a growth factor, J Cell Sci. 2002.
Vol.115. –P.3357-67.
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Effects of Morroniside on the viability of random skin flaps in rats

Yuting Lin1，Dingsheng Lin2
1
Department of Medicine, First Clinical Medicine School, Wenzhou Medical University, Wenzhou, China.，2Department of Hand and Plastic Surgery, The Second Affiliated Hospital and Yuying
Children’s Hospital of Wenzhou Medical University

Objective The purpose of our experiment was to determine whether morroniside can improve the survival of ischemic skin flaps in rats.
Methodology A total of 40 male Sprague-Dawley rats were randomly divided into two groups (control group and treatment group). Modified
McFarlane flaps were performed (causally based, 9 × 3cm). The percentage of survival of each flap was calculated. Flap blood flows were
measured by Laser-Doppler flowmeter. Flap vasculature was assessed by angiography after Lead oxide-gelatin injection. Vascular endothelial
growth factor (VEGF) was evaluated by immunochemistry. Superoxide Dismutase (SOD) level and malondiadehyde (MDA) content were
determined using assay kits. Results At the seventh postoperative day, the morroniside-treated rats showed a higher percentage of flap survival
than the control rats. Flap perfusion and the level of vascular endothelial growth factor were significantly elevated in the morroniside-treated
group. In the treatment group, the distal section of the flap was nearly saturated with contrast agent, while in the control group, the contrast
agent perfused only half of the flap. In the treatment group, morroniside administration significantly increased SOD level and reduced MDA
content.Conclusion Morroniside can enhance ischemic flap survival.
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Effect and mechanism of Urinary Kallidinogenase on the survival of the free skin flaps in rats

YuZhi Lei Jin，Ding Sheng Lin
Department of Hand Surgery, The 2nd Affiliated Hospital of Wenzhou Medical University, Wenzhou, China

Objective(s):The aim of this study is to explore the effects of Urinary Kallidinogenase treatment on the survival of random skin flaps.
Materials and Methods:McFarlane flaps were established and male rats were randomly assigned to the Urinary Kallidinogenase-treated as the
experimental group and normal saline-treated as the control group. Urinary Kallidinogenase or normal saline( 3ml/Kg ) was administered
intravenous injection once daily. On day 2, malondialdehyde(MDA) and superoxide dismutase(SOD) were detected by using test kits. On day
7, Flap survival rates were evaluated with transparent graph paper under visualization and flaps were obtained and stained with Hematoxylin
and Eosin. The blood flow volume was determined by laser doppler method and the expression of vascular endothelial growth factor(VEGF)
was immunohistochemically evaluated .
Results:Compared to that in the control group. The mean survival area was increased larger in the Urinary Kallidinogenase group. SOD activity
was inceased significantly, but the MDA levels in the test group were decreased.H&E-stained slices revealed that inflammation was inhibited in
the experimental group. VEGF expression markedly inceased in the Urinary Kallidinogenase group.
Conclusion:This study showed that Urinary Kallidinogenase administered intravenous injection significantly improved random skin flap survival
in rats.
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Development of a 3D model of bone tumor embedded in a healthy tissue

Joanna Maria Idaszek1，Ewa Walejewska1，Jakub Jaroszewicz1，Vasif Hasirci2，Wojciech Swieszkowski1
1
Faculty of Material Science and Engineering, Warsaw University of Technology, Warsaw, Poland，2BIOMATEN, Center of Excellence in Biomaterials and Tissue Engineering and Department of
Biological Sciences, METU, Ankara, Turkey

New drugs developed for cancer treatment often give promising results in vitro but fail when tested in patients. Change of the testing paradigm
form 2D to 3D test set-up already improved the outcome of the drug screening. However, the 3D models do not include the healthy tissue in
which the tumor is embedded. To reduce the inconsistencies between the outcome of in vitro and in vivo drug testing, it is essential to create
a 3D models with a higher degree of complexity.
The aim of this study was to develop a 3D in vitro model of healthy bone and combine it with tumor model to study efficiency of anticancer
therapeutics. To that end, 3D scaffolds composed of poly(lactide-co-glycolide), PLGA, or poly(lactide-co-caprolactone), PLCL, with addition 0,
20 and 40 wt% of tricalcium phosphate (TCP) were fabricated by means of additive manufacturing. Mechanical properties and hydrolytic
degradation were investigated by compressive test and incubation in cell culture medium. The scaffolds were seeded with human fetal
osteoblast (hFOB). Scaffolds with chemical composition and architecture yielding the highest cell proliferation and alkaline phosphatase (ALP)
activity were seeded with hFOB and human umbilical vain endothelial cells (HUVEC) at ratio 1:1 or with hFOB, HUVEC and human
mesenchymal stem cells (hMSC) at ratio 1:1:1. The cocultures were studied by means of MTS, DNA, ALP assays, microcomputed tomography
(CT) and confocal microscopy (CD31 epithelial cell marker).
The PLGA-based scaffolds had Young’s modulus 8-20 times higher than PLCL-based counterparts. Introduction of shift lead to decrease in
stiffness by an order of magnitude. PLCL-based scaffolds underwent faster degradation and reached around 50% of initial molecular weight
after already 4 weeks of incubation. PLCL-based scaffolds with shift retained approximately 3 times more cells during seeding and yielded
higher proliferation and ALP activity of hFOB. Coculture with HUVEC resulted in the highest proliferation rate and ALP activity. Therefore, the
PLCLTCP40 scaffold with shift was chosen as a frame for development of the healthy bone.
Such model was combined with osteosarcoma spheroids and cultured in medium containing serial dilutions of cisplatin. Efficacy of the
anticancer agent in our model will be investigated by means of livedead assay, caspase activity and detection of tumor necrosis factors by
immunohistochemical staining and compared with osteosarcoma spheroid and 2D culture of SaOs2 cells.
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Improvement of Drug Virtual Screen by GA/GP: a web server for drug virtual screen and visualizing the docking
structure by GP and X-Score

Po-Tsang Huang，Guo-Chung Dong
Institute of Biomedical Engineering and Nanomedicine, National Health Research Institutes, Miaoli, Taiwan

Conventional procedures for drug design have been very expensive and time-consuming. It is still currently difficult to formularize efficient
software to carry out the docking simulations as a standard procedure leading to definite results with high accuracy. Therefore, we are in
attempt to propose a new category of programming, for which the standard effectiveness for docking procedure can be anticipated in the near
future.
The first is to decide GA (Genetic Algorithms) and GP (Genetic Programming) algorithms should be applied to perform the job and seem to be
excellent candidates to solve this problem. The next concern is the determination of scoring function as X-score, which is appropriate for either
GA or GP to generate their scores. According to our results, GA (called 2XW1) and GP (called 2XW2) indeed improve the search of docking
sites between the target protein and the drug molecules in both accuracy and efficiency. It is fairly reliable to use our virtual screen system to
obtain correct answers with both high accuracy and efficiency. Our new web service (PPDock-Portal Patch Dock（http://140.112.135.49/
ppdock/）) is now web-available and free for worldwide users in accelerating the development and design of new lead compounds.

323

a90804

02-P064

A novel three dimensional culture system (CELLFLOAT) for hiPSCs spheroids

Toshimasa Uemura1,2，Kenji Kusumoto1，Meihua Jin1，Yo Uemura1，Yasuhisa Sakurai1，Shota Makino1，Kenichi Morita1，Takashi Tsumura1
JTEC CORPORATION, Osaka, Japan，2Graduate School of Engineering, Osaka University, Osaka, Japan

1

Human induced pluripotent stem cells (hiPSCs) act as a promising cell source for fields of tissue engineering and drug discovery. Three
dimensional culture of hiPSCs is expected to be a next-generation culture technique for getting good amount for tissue engineering and well
qualified hiPSCs for drug discovery. Here we report our novel three dimensional cell culture system (CELLFLOAT) designed for culturing hiPSCs
spheroids. The CELLFLOAT system is a bioreactor consisting of culture syringes, a driving apparatus and a controller. This bioreactor generates
shear stress by horizontal rotation of a syringe, compensating the effect of gravity, resulting in homogeneous cell growth without sinking, and
the cells aggregate and form three dimensional spheroids. The system requires no coating on the substrate and secures a closed system.
hiPSCs (253G1, 409B2, 1231A3) were applied to a 10ml syringe of CellPet 3D-iPS system at a concentration of 5x105 cells/syringe and
rotationally cultured in AK02N or mTeSR1 for three days without changing medium. The growth rate was from 3.8 to 4.3 times for three days
maintaining their undifferentiated state by measuring the mRNA expression levels of Oct3/4, Nanog, etc. The diameter of the spheroids is from
100 to 200 µm. For getting good amount of the iPSCs, we developed a novel system for fragmentation of iPSCs spheroids grown in CELLFLOAT
system. Grown spheroids in suspension were applied to Cell Pet FT system and automatically filtered through a mesh filter of 70 µm for
fragmentation to small spheroids and transferred to another syringe for continuing rotational culture. We could operate this procedure
repeatedly at least 10 times and got good amount of the cells by combination of CellPet 3D iPS and Cell Pet FT systems. CELLFLOAT system is
applicable not only for maintenance but for differentiation. Grown hiPSCs(253G1) in a syringe were differentiated into the each cells of three
germ layers only by changing the maintenance medium to the differentiation medium. These details will be presented.
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Novel strategies to modulate address cellular uptake and bioavailability of functional nucleic acids

Oommen Varghese，Sandeep Kadekar，Ganesh Nawale
Department of Chemsitry-Angstrom Laboratory, Uppsala University, Sweden

Gene based therapies using plasmid DNA (pDNA) or RNA interference (RNAi) molecules holds great promise in treating diseases that are not
treatable with conventional treatment modalities. These methods rely on finding suitable ways to deliver functional biomolecules to the site of
action i.e., nuclear delivery of pDNA and cytosolic delivery of short interfering RNA (siRNA) or microRNA (miRNA). Cellular delivery of these
functional molecules requires suitable delivery carriers that are generally cationic polymers, which condense large negatively charged
molecules by electrostatic interactions.1 Though such a strategy improves intracellular delivery, it does not guarantee efficient endosomal
release of the cargo molecules. In fact, with well-known lipid based cationic polymers only 1–2% of the biomolecules escapes the endosome
compartment.2 We have developed a unique method to improve cellular uptake and endosomal release of the cargo molecules.3 Another
challenge of RNAi molecules is the selection of the desired strand for target specific gene silencing. The enzymatic process within the RNA
induced silencing complex (RISC) regulates the selection of one of the strands in a siRNA or miRNA and the exact mechanism of such selection
is not known. We have devised a novel strategy that enables selective recruitment of the desired strand with improved enzymatic stability. This
was achieved by engineering the siRNA by incorporating different functional groups at the 3’ and 5’-ends. Such a design could overcome the
current hurdles of RNAi therapeutics and reduce the off-target effects which leads to systemic toxicity.

REFERENCES: 1. Kanasty, R et al. Nat. Mater. 2013, 12, 967. 2. Gilleron, J et al. Nat. Biotech. 2013, 31, 638. 3. Yan H et al. Adv. Funct. Mater.
2015, 25, 3907.
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MicroRNA 141-5p inhibits cellular proliferation and invasion by directly targeting 4-1BB variant type in colon
cancer model

min-Kyoung Kim
Department of New drug development, Inha University College of Medicine, Incheon, Republic of Korea

The molecular mechanisms of Colon cancer cell proliferation, invasion and migration are highly complex, which understanding the new
regulator that participate in these processes is crucial for developing gene therapy for Colon cancer. MicroRNAs (miRNAs) participate in diverse
biological functions and carcinogenesis by inhibiting specific gene expression.
We showed that expressed different 4-1BB variant type on tumor tissue compared with normal tissue. We here examined the influence of
4-1BB variant type on expression of miRNAs in colon cancer to further elucidate the tumor-suppressive mechanism of 4-1BB shRNA. We first
found out screening for miRNAs, whose expression is regulated by 4-1BB variant type suppression in the colon cancer cells. miR-141-5p was
one of the miRNAs whose expression was highly inhibit 4-1BB variant type, as confirmed by real-time reverse transcription-polymerase chain
reaction. Notably, miR-141-5p was markedly downregulated in colon tissues compared with matched non-neoplastic colon in clinical samples.
Expression of miR-141-5p in colon cancer cells led to significant reduction of cell proliferation and colony formation. miR-141-5p expression
resulted in a decreased level of NF-kB, one of the putative targets of miR-141-5p, and inactivation of its signaling pathway. Moreover,
tumorigenesis was efficiently suppressed by miR-141-5p in an in vivo tumor xenograft model of HCT-116 colon cancer model. The data suggest
that miR-141-5p might function as a tumor suppressor miRNA affecting colon tumorigenesis via downregulation of NF-kB, and that 4-1BB
variant type suppression by shRNA could exert an anticancer effect by restoring miR-141-5p expression in colon cancer model.
Acknowledgements: This research was supported by Basic Science Research Program through the National Research Foundation of Korea
(NRF) 2017R1A6A3A11035722
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Gallic acid-based dendrimers modulate A β42 fibrillization and reduces cellular toxicity

Ana Rita Rodrigues Araujo1,2，Juan Correa4，Eduardo Fernandez Megia4，Rui Luis Reis1,2,3，Ricardo Alexandre Pires1,2,3
1
3B's Research Group，2ICVS/3B’s - PT Government Associate Laboratory，3The Discoveries Centre for Regenerative and Precision Medicine，4Centro Singular de Investigación en Química
Biolóxica e Materiais Moleculares (CIQUS)

Alzheimer's disease (AD) is characterized by the occurrence of extracellular senile plaques of aggregated amyloid-beta peptide (Ab42). These
plaques are generated by the self-assembling of Ab42 monomers into supramolecular nanofibrillar structures stabilized by the peptide’s β
-sheets. While the senile plaques are a hallmark of AD, the presence of intracellular soluble Ab42 oligomers (precursors of the senile plaques)
are reported to be the main cause of its toxicity [1]
We have previously demonstrated that the use of natural polyphenols can rescue cell viability affected by the Ab42 fibrillization. In fact, the
use of EGCG as a modulator of Ab42 self-assembly has been studied, and its ability to block the assembly process has been reported [2]. The
activity of EGCG is reported to occur through the interference of the Pi-Pi stacking within the Ab42 supramolecular arrangement [3]. In general,
most of the natural polyphenols reported to modulate Ab42 self-assembly present galloyl-type moieties. Based on this observation, we
designed dendrimers displaying this type of moieties on their surface and tested them for their ability to modulate Ab42 fibrillization.
We synthesised a G0-GA core dendrimer with two gallates, and a G1-GA one with six gallate groups. We used CD, DLS and fluorescence
spectroscopy to evaluate their ability to inhibit Ab42 fibrillization. Our results show that G1-GA is able to decrease the β-sheet content of the
Ab42 supramolecular assemblies, while reducing the size of the fibrils. We also confirmed that G1-GA has the capacity of maintain SH-SY5Y cell
viability, reducing the oligomeric Aβ42 assemblies in the cytoplasm of the cells. Our results demonstrate that G1-GA dendrimer represents a
promising custom-made nanotherapeutical tool able to modulate the toxicity of Ab42 assemblies in the AD context.
REFERENCES:
1. Eisele, Y.S., et al., Nat Rev Drug Discov, 2015. 14(11): p. 759-780.
2. Meisl, G., et al.,Nat. Protocols, 2016. 11(2): p. 252-272.
3. Attar, A., F. Rahimi, and G. Bitan, Trans. Neuroscience, 2013. 4(4): p. 385-409.
ACKNOWLEDGEMENTS:
Authors acknowledge the financial support from: NORTE-08-5369-FSE-000037 fellowship; H2020-TWINN-2015-692333-CHEM2NATURE,
H2020-WIDESPREAD-2014-2-668983– FORECAST; CTQ2015-69021-R and GRC2014/040 and Accreditation 2016-2019, ED431G/09

325

a92422

02-P068

A microfluidic platform for high-throughput drug screening on 3D functional microtissues

Roberta Visone1，Giovanni Stefano Ugolini1，Vladimir Vinarsky2，Miriam Penati1,2，Alberto Redaelli1，Giancarlo Forte2,3，Marco Rasponi1
Department of Electronics, Information and Bioengineering, Politecnico di Milano, Milan, Italy，2International Clinical Research Center (ICRC), St. Anne's University Hospital Brno (FNUSA), Brno,
Czech Republic，3Competence Center for Mechanobiology in Regenerative Medicine, INTERREG ATCZ133, Brno, Czech Republic
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Drug discovery is a long and costly process due to the failures of drugs in clinical phases, mainly caused by the poor predictability of preclinical in-vitro models. Organs-on-chip have emerged as appealing tools for drug screening, enabling to generate advanced 3D physiological
models by reproducing relevant culture conditions. However they are still affected by a low adoption mainly due to scalability/throughput
issues. Here we present a 3D microfluidic platform comprising multiple culture chambers for the simultaneous formation and independent
culture of cardiac functional microtissues as a tool for high-throughput drug screening tests.
The platform has three functional elements: a top layer with multiple chambers separated by PDMS walls, a bottom vacuum-actuated
compartment and an intermediate membrane. The actuation of the bottom compartment causes the membrane to deflect, allowing the
temporary connection of all chambers to perform 3D cell seeding by a single injection. After releasing the vacuum, the chamber independence
is restored. A calibration curve was obtained to determine the optimal actuation pressure. The chamber independence was demonstrated by
monitoring FITC-70kDa dextran diffusion added to every other chambers. The platform was finally exploited to culture neonatal rat
cardiomyocytes and human cardiomyocytes from iPSCs to generate 3D functional microtissues, which were used to screen dose-related drug
effects (e.g. doxorubicin and sotalol cardiotoxicity; epinephrine effect on calcium transients).
The actuation pressure resulted -400mmHg, compatible with standard hood vacuum systems. Independence of microtissues was
demonstrated by the impairment of dextran diffusion between chambers for up to 5 days. Cell seeding uniformity was verified by the low
variation in cell number between chambers of the same device (~15%). Doxorubicin dose-response curve exhibited high cardiotoxicity at 100
and 10µM concentrations (80% and 67% cell death, respectively), with an estimated IC50 of 4.3 mM, consistent with literature. Sotalol, a
known cardio-safe drug, exhibited no significant cardiotoxicity.
The novel platform allowed the efficient generation of up to 12 independent microtissues from a single cell injection, reducing experimental
time, reagent consumption and increasing reproducibility and robustness of the models. Cytotoxicity of doxorubicin showed results in
accordance with other studies, validating the platform for drug screening purposes.
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A beating heart-on-chip platform integrating real-time measurement of cardiac electric potential as advanced
preclinical screening model

Marco Rasponi，Giovanni Stefano Ugolini，Roberta Visone，Daniela Cruz-Moreira，Alberto Redaelli
Department of Electronics, Information and Bioengineering, Politecnico di Milano, Italy

Failure of new candidate drugs contributes to the huge costs of drug development. Failure is imputable to the poor predictability of existing in
vitro methods. Cardiovascular toxicity represents the most recurrent and serious adverse reaction to drugs causing marketed drugs
withdrawal1. Several cardiovascular side effects cannot indeed be detected during preclinical in vitro or in vivo studies.
A recent beating heart-on-chip proved the unprecedented ability to recapitulate the relevant cues of the myocardium, generating functional
3D micro-cardiac tissues2. However an ideal tool for cardiac drug screening should also enable real time analysis of tissue functionality. Here
we present a microfluidic platform generating biomimetic cardiac stimulations, which embeds an electrical measurement system for the
extraction of electrophysiological signals from 3D microtissues.
The platform builds on our previous design2 and allows culture of cell-laden hydrogel under biochemical and mechanical stimulation. An
electrical system consisting of a pair of electrodes, including sharp microneedles, was integrated to perform electrical pacing and
electrophysiological measurements.
Neonatal rat cardiomyocytes were cultured in fibrin gel within the platform for up to 7 days. Electrophysiological measurements were
performed as soon as cells showed spontaneous beating. The excitation threshold (ET) of each microtissue was determined and the action
potentials of microtissues spontaneously beating or electrically paced (monophasic stimuli: 1.5*ET amplitude, 2ms duration, 1Hz) were defined.
The platform was also exploited to measure the response to different concentrations (0.001-1000 nM) of isoprenaline.
Microtissues started beating after 3 days, enhancing the synchronicity of contraction with time (~60bpm at day6). Action potential
measurements under isoprenaline showed a positive chronotropic effect when spontaneously beating or paced microtissue were subjected to
1nM or 10nM of drug concentration.
The beating heart-on-chip device offers the unique characteristic of generating functional cardiac microtissues within a biomimetic
environment, responding to drugs in a physiological manner. Furthermore, the integration of the recording system makes it a unique tool for
direct on-chip monitoring of tissue functional response, suitable for extensive cardiotoxicity screening of drugs.
Stevens & Baker, Drug Discov Today, 2009
Marsano at al., Lab Chip, 2016

1
2
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NIH Organs-on-Chips Program: Tissue chips for Efficacy and Toxicity Testing in Drug Development

Danilo Angeles Tagle
National Center for Advancing Translational Sciences, NIH

The current drug development process is vulnerable to poor prediction of human physiological responses and failure to predict safety and
efficacy of candidate drugs using current methods accounts for a much as 90% of the attrition rate. To address this challenge in drug
development, the NCATS Tissue Chip for Drug Screening program https://ncats.nih.gov/tissuechip is developing alternative approaches for
more reliable readouts of toxicity and efficacy. Tissue chips are bioengineered microphysiological systems utilizing chip technology and
microfluidics that mimic tissue cytoarchitecture and functional units of human organs. These microfabricated devices are useful for modeling
human diseases, and for studies in precision medicine and environment exposures. Tissue chips are poised to deliver a paradigm shift in drug
discovery. By emulating human physiology, these chips have the potential to increase the predictive power of preclinical modeling, which in
turn will move the pharmaceutical industry closer to its aspiration of clinically relevant and ultimately animal-free drug discovery.
The rapid pace of scientific innovation in the tissue chip field requires a cohesive partnership between innovators and end users. Near term
uptake of these human-relevant platforms will fill gaps in current capabilities for assessing important properties of disposition, efficacy and
safety liabilities. Similarly, these platforms could support mechanistic studies which aim to resolve challenges later in development (e.g.
assessing the human relevance of a liability identified in animal studies). Building confidence that novel capabilities of Tissue chips can address
real world challenges while they themselves are being developed will accelerate their application in the discovery and development of
innovative medicines. Tissue chips as novel preclinical modeling platforms offer a number of unique opportunities, with improved clinical
predictivity the most apparent and the greatest hope for this innovation. But, they may also provide a more efficient approach to mechanistic
investigation, early safety liability screening and even more translationally relevant modeling of drug distribution and metabolism. Broad
overview of the program, partnerships involved and future directions will be presented at this meeting.
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Fabrication of a 384PillarPlate for miniaturized 3D bioprinting

Moo-Yeal Lee1,2，Parnian Bigdelou1，Stephen Hong1，Taban Larimian1，Mujeeb Wafa1，Tushar Borkar1
Cleveland State University，2Bioprinting Laboratories, Inc.
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Recent advances in “3D bioprinting” offer new opportunities for creating highly organized multicellular tissue constructs in vitro by using printing
robots to precisely dispense multiple cell types in biomimetic hydrogels layer-by-layer. However, current 3D bioprinting approaches are
unsuitable for high-throughput screening assays in drug discovery because of several technical challenges including relatively big size of
bioprinted tissue constructs, limited diffusion of nutrients and O2, and difficulty in cell imaging in situ over time. To address these issues and
facilitate miniaturized 3D bioprinting, we invented a 384-pillar plate with sidewalls and slits (384PillarPlate®), which is highly flexible and easily
combined with conventional 384-well plates to support high-throughput organotypic cell cultures and high-content cell staining and imaging.
The microstructure of sidewalls and slits on a prototype 60-pillar plate was designed and optimized by 3D printing of transparent plastic, and
several parameters including robust spot attachment, minimal air bubble entrapment, and high cell viability were tested with Hep3B human
hepatoma cells in a mixture of alginate and Matrigel on the 60-pillar plate. As a result, sidewalls with 1 mm height, 0.6 mm thickness, and 4
slits were best suited for 1.5 µL cell printing and robust 3D cell cultures. Based on the information obtained from the prototype 60-pillar plate,
we manufactured a 384PillarPlate via injection molding of polystyrene. The 384PillarPlate with bioprinted mini-tissues may provide highly
predictive toxicity/efficacy information needed to advance drug candidates into clinical trials or prioritize environmental toxicants while
reducing the use of animals in the process.
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Modeling Osteoarthritis in a Chip through Hyper-Physiological Compression of a 3D Cartilage Model

Paola Occhetta1，Andrea Mainardi1,2，Emiliano Votta2，Queralt Vallmajo-Martin3，Martin Ehrbar3，Ivan Martin1，Andrea Barbero1，Marco Rasponi2
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Osteoarthritis (OA) is the most common human musculoskeletal disease, with a social impact expected to increase due to population aging.
However, therapy is still limited to palliative drugs or surgical intervention. The shortage in OA disease modifying drugs is mainly related to the
lack of valid OA pre-clinical models for screening drug benefit, making urgent the demand for innovative tools able to recapitulate OA
complexity. Organs-on-chip are an emerging technology able to recapitulate organ functions with unprecedented adherence to
pathophysiological conditions, allowing to precisely control 3D architecture and deliver accurate biophysical stimulation. In this study, we
developed a microscaled platform based on a technology we have recently patented1, enabling for the first time the application of a finely
strain-controlled compression to 3D microconstructs. Human articular chondrocytes were statically cultured in the platform within a poly(ethylene glycol)-based gel2 for 14 days, leading to the formation of articular cartilage on chip (CoC), expressing genes characterizing human
articular cartilage and interzone (e.g. PRG4, GDF5, ATX). We then demonstrated that a 30% confined compression recapitulating the
mechanical factors involved in OA pathogenesis is sufficient to induce OA traits in the CoC, accounting for i) shift of homeostasis towards
catabolism and triggering of inflammation (IL6 and IL8 upregulation, MMP13 production), ii) trigger of hypertrophy (COL10A1 and IHH
upregulation) and, iii) acquisition of a gene profile correlating with clinical OA evidences3 (decrease expression of FRZB and GREM1). Results of
this study testify achievement of an articular cartilaginous construct within the platform and the possibility of inducing OA traits within the
model solely through mechanical compression. The proposed device can thus be considered as a first proof of concept for in chip OA
modelling, and potentially serve for drug screening purposes.
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Repurposing of tissue engineering methodology for new biomedical applications allows creation of ethical, sustainable, biomimetic and reliable
pre-clinical alternative to animal models and traditional in vitro cell cultures. We report on our results in development, validation and
applications of three-dimensional (3D) engineered tumor models (ETMs), including human metastatic triple negative breast carcinoma and highgrade glioblastoma, based on the original acellular organ-specific scaffolds [1] in combination with various linear tumor cells. The feasibility and
validity of the models were proved for basic research, drug development, nano- and photomedicine studies. Using the metastatic breast cancer
ETM, of we revealed a novel principle of the liver colonization by cancer cells, indicating the critical role of the organ-specific extracellular
matrix in metastatic progression. Also, a dramatic increase of the breast carcinoma 3D ETM resistance to chemotherapy, in comparison to the
matching monolayer cell culture in vitro, was demonstrated, as well as the advantages of nanoformulation of the drug, allowing to partially
overcome this problem. Finally, we present our recent data for in vitro reconstruction of 3D ETM of malignant glioma and application of this
ETM as a living optical phantom for the development of new tools for fluorescence-guided surgery. Proposing this approach, we believe that
3D ETMs represent a valuable tool both for basic biomedical studies and for faster and meaningful clinical translation of the advanced research
outcomes.
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Angiogenesis is the formation of new capillaries from pre-existing blood vessels for bringing oxygen and nutrients to ischemic tissues. The
vascular endothelial growth factor-A (VEGF-A) secreted by the ischemic tissues binds and activates its receptor-2 (VEGFR-2) on the surface of
the endothelial cells, the innermost layer of blood vessels. Endothelial cells then migrate and proliferate toward the source of the VEGF-A in a
mechanism known as sprouting angiogenesis. Some diseases such as cancer exploit this process and induce an abnormal angiogenesis to
create an environment favorable to their progression. Therefore, inhibiting or normalizing angiogenesis is a therapeutic strategy that has been
extensively studied and already led to clinically approved drugs. However, most experimental assays for drug discovery and early development
rely on 2D cell culture models, which fail to mimic sprouting from a parent vessel.
We report a method based on a microvessel-on-a-chip and that enables the study of drugs targeting a specific pathway of angiogenesis. From
an initial microvessel made of human umbilical vein endothelial cells (HUVEC) within a collagen scaffold, VEGF-A induced the formation of
sprouts. This sprouting angiogenesis was shown to depend on the Notch signaling, as described in vivo. It could be inhibited by the addition of
sorafenib or sunitinib, two angiogenic inhibitors that target the VEGF-A/VEGFR-2 pathway and are used as chemotherapeutic agent. A dose
dependency of the angiogenesis inhibition could be observed. Furthermore, the design of the chip enables the study of microvessel
permeability by introducing a fluorescent molecule in the lumen of the parent vessel. It revealed that sorafenib impaired the endothelial barrier
function contrarily to sunitinib. Such a model that can highlight differential effects at a tissue level of inhibitors targeting a same pathway
provides a significant complimentary approach to classical models for the discovery and development of new drugs.
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Human endothelial cells (ECs) are widely used in the field of vascularization study such as drug discovery, tumor growth or tissue engineering
including organ-on-a chip technology. Although primary ECs like HUVECs are generally used for these purpose, there are some drawbacks in
utilizing primary cells because of the donor difference due to a wide variety of genetic background. To overcome this, human pluripotent stem
cell-derived ECs (hPS-ECs) are expected to be supplied as stable cell source with similar properties without the donor difference among
manufacturing batches.
We have developed the efficient differentiation method from human pluripotent stem cells into ECs population based on feeder-free condition.
We confirmed hPS-ECs induced in this method show more than 95% of CD31 and CD144 positive cells. Quantitative RT-PCR analysis revealed
that gene expression level of other endothelial cell markers in hPS-ECs was also similar to HUVECs. We tried to induce endothelial cells from
variety of iPS cell lines, and we confirmed hPS-ECs from almost all cell lines induced in this method show more than 95% of CD31 positive cells.
These results are highly reproducible in our examinations.
Even though many cells are required for tissue engineering, it was difficult to obtain a large number of hPS-ECs by using commercially available
medium for primary ECs due to poor proliferation capacity, To overcome this problem, we have also developed the culture medium for hPSECs. As a result, it was observed that hPS-ECs show about 10-fold expansion in one week by newly optimized medium. The expanded hPS-ECs
maintained ECs surface marker (CD31 and CD144) expression similar to the cells in pre-expansion. We performed tube formation assay to
confirm the function of hPS-ECs after cultivation in our medium. We could observed tube-like structure on matrigel, and this tube formation was
suppressed by treatment with angiogenesis inhibitor in dose-dependent manner. These results showed that hPS-ECs are functional even after
cultivation in our medium and have the potential for use in the drug screening for angiogenesis.
Overall we successfully developed hPS-ECs culture system using newly optimized medium. The cells and medium can overcome the lot
variation problems of primary endothelial cells, making them suitable for industrialization with mass cell production. Further, we are currently
developing xeno-free medium for hPS-ECs to apply to the manufacture of regenerative medicine.
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Canine induced pluripotent stem cells (ciPSCs) are expected to be used for veterinary regenerative medicine. They are also useful for human
medicine as a suitable model to validate the efficacy and safety of the new therapy. However, for applying ciPSCs to a clinical trial, there are
many issues to be solved. One of these issues that interferes with the clinical application is that almost all of the ciPSCs reported previously
were generated using retro or lentivirus. These virus vectors insert their genome into the host genome, therefore it is concerned that reexpression of transgenes in iPSCs causes tumorigenesis when the cells are transplanted into patients. As described above, no effective method
for generating transgene-free ciPSCs has been established. On the other hand, it has been reported that using Sendai virus vector, SeVdp302L
which is auto-erasable by responding to microRNA-302, the integration and exogenous expression free human iPSCs were efficiently generated.
In this study, we attempted to establish the integration and exogenous free ciPSCs from canine embryonic fibroblasts by using SeVdp302L
carrying human OCT3/4, SOX2, KLF4 and C-MYC. Two ciPSCs lines were generated after infection of the SeVdp302L. Colonies of the both
ciPSCs lines had a flat morphology similar to human iPSCs. After several passages, these two ciPSCs lines were confirmed not to contain the
Sendai virus by using RT-PCR. In addition, RT-PCR, immunocytochemistry and alkaline phosphatase staining shows endogenous pluripotent
associated gene expression. Moreover, ciPSCs differentiated into all three germ line cells via formation of embryonic bodies. These cells
maintained in their morphology and pluripotency over 20 passages and they had normally karyotype. Taken together, we have successfully
generated ciPSCs without gene insertion and exogenous expression. The present result suggests that SeVdp302L are useful for generating
integration and exogenous expression free ciPSCs and generated ciPSCs may be a suitable cell source for clinical application.
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At the early stage of tooth development, oral epithelial cells appear in the dental lamina and play a leading role in tooth formation through the
interaction with mesenchymal cells. If we could obtain oral epithelial cells, it would be expected to open a way for regenerating whole tooth as
well as tooth enamel. However oral epithelial cells do not exist in an adult tooth, and therefore developing another method for obtaining oral
epithelial cells is of great significance from the perspective of regenerative dentistry. According to this background, we have made attempts to
establish a method for inducing oral epithelial cells from mouse induced pluripotent stem cells (miPS cells). As a result, we found that
stimulating the differentiation of miPS cells by forming embryoid bodies in the presence of a neurotrophic factor, neurotrophin-4, effectively
upregulated the expression of marker genes specific for oral epithelial cells in the later adherent culture. The present study is directed to
improve the efficiency in the induction of oral epithelial-like cells from miPS cells, focusing on the effect of epidermal growth factor (EGF) which
is known to play an important role in regulating cell growth and proliferation. To evaluate induction efficiency, the expression of oral epithelial
markers, including CK14 and p63, was analyzed by immunofluorescent staining and quantitative PCR. Our results showed that the expression of
CK14 and p63 was enhanced by an addition of EGF during embryoid body formation, but not in the later adherent culture. Based on this
finding, we conclude that the EGF-enhanced proliferation of miPS cells at the relatively early differentiation stage serves to improve the
efficiency in the induction of oral epithelial-like cells.
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Mouse embryonic stem cells (mESCs) are pluripotent stem cells derived from mouse pre-implantation embryo. LIF/STAT3, Wnt/β-catenin and
BMP/Smad signals maintain undifferentiated state of mESCs, while FGF4/MAPK signal triggers differentiation. Phosphorylation of proteins
regulates the activation and inactivation of intracellular signaling molecules. We have reported that glycan on cell surface regulates the above
signals (1-3).
O-linked β-N-acetylglucosaminylation (O-GlcNAcylation) is a sole glycosylation in nucleus, mitochondria and cytoplasm. O-GlcNAc transferase
(OGT) transfers GlcNAc to serine and threonine residues of proteins, and O-GlcNAcase (OGA) removes O-GlcNAc from proteins. It is known
that O-GlcNAcylation competes with phosphorylation. We have reported that OGT and OGA are necessary for survival of epiblast stem cells
(EpiSCs) and reversion from EpiSCs to mESCs (4). Other groups have reported that O-GlcNAc is decreased during mESC differentiation, and that
OGT is required for undifferentiated state of mESCs (5,6). These facts suggest that O-GlcNAc inhibits intracellular signaling which is involved in
differentiation of mESCs. However, the molecular mechanism regulating intracellular signaling by O-GlcNAc in mESCs was not uncovered.
Here, we showed that Ogt knockdown (KD) in mESCs promotes mESC differentiation and phosphorylation of PKC ζ , one of the intracellular
signaling molecules (7). MAPK was also activated in the downstream of PKC ζ in Ogt KD mESCs. In addition, we identified that T410 of PKC ζ ,
which is the key phosphorylation site for PKCζ activation, is O-GlcNAcylated. These results suggested that O-GlcNAc competes with
phosphorylation on T410 of PKCζ and inhibits downstream MAPK in mESCs. Furthermore, PKCζ was a downstream component of FGF4
signaling. We identified the kinase that phosphorylates PKCζ. In this research, we showed the novel molecular mechanism that O-GlcNAc on
PKC ζ inhibited mESC differentiation via inhibition of PKC ζ phosphorylation.
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Undifferentiated mouse embryonic stem cells (mESCs) can be maintained in media containing the cytokine, leukemia-inhibitory factor (LIF),
because LIF signal pathway is required for the maintenance of the undifferentiated state of mESCs. Other than LIF signal pathway, the
undifferentiated state of mESCs is maintained via several signal pathways such as bone morphogenetic protein 4 (BMP4) and Wnt signal
pathways. In contrast, fibroblast growth factor 4 (FGF4) signaling induces differentiation from mESCs. After FGF4 binds to FGF receptors, the
downstream molecules are activated. MEK and ERK1/2 are key downstream molecules of FGF4 signal pathway and they are activated by the
phosphorylation. ERK1/2 is phosphorylated by phosphorylated MEK and phosphorylated ERK1/2 induces mESC differentiation. Therefore, in
mESCs, the FGF4-MEK-ERK1/2 pathway is inhibited to maintain the undifferentiated state. However, the inhibition mechanism of the FGF4-MEKERK1/2 pathway in mESCs is not fully understood.
O-linked β-N-acetylglucosaminylation (O-GlcNAcylation) is a posttranslational modification in the cytoplasm and nucleus. O-GlcNAc
transferase (OGT) transfers a single N-acetylglucosamine (GlcNAc) to serine and threonine residues of nuclear and cytoplasmic proteins such
as signal components, epigenetic factors, cytoskeletal proteins, and transcription factors. O-GlcNAcylation is competitive with phosphorylation
of serine and threonine residues of nuclear and cytoplasmic proteins. Therefore, O-GlcNAc is a key factor regulating signaling pathways via the
inhibition of the phosphorylation of signaling components. In the previously study, we and other groups showed the functions of O-GlcNAc in
mESCs (1). However, the signal regulation by O-GlcNAc in mESCs remains unclear.
Here, we showed that O-GlcNAc inhibits the FGF4-MEK-ERK1/2 pathway and inhibits the differentiation from mESCs (2). This is the first study
to clarify the relation between O-GlcNAc and the signaling mechanisms involved in mESC differentiation.
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Stem cells and their paracrine factors have emerged as a resource for regenerative medicine. Many studies have shown the beneficial effects of
paracrine factors secreted from adult stem cells, such as exosomes, on aged skin. However, to date, few reports have demonstrated the use of
exosomes derived human pluripotent stem cells for the treatment of aged skin. In this study we collected exosomes from human induced
pluripotent stem cells (iPSCs) and investigated the effect on the aged human dermal fibroblasts (HDFs). Cell proliferation and viability were
determined by MTT assay and scratch wound assay showed the cell migration capacity. The expression level of a certain mRNA was evaluated
by quantitative real-time PCR (qPCR). To induce photoaging and natural senescence, HDFs were irradiated by UVB (315 nm) and sub-cultured
over passage 30, respectively. Senescence-associated-β-galactosidase (SA-β-Gal) activity was assessed as a marker of natural senescence.
First, we found that exosomes derived from human induced pluripotent stem cells (hiPSCs-Exo) stimulated the proliferation and migration of
HDFs in normal conditions. Pretreatment with hiPSCs-Exo inhibited death of HDFs and overexpression of MMP-1/3, matrix-degrading enzymes,
caused by UVB irradiation. The hiPSCs-Exo also restored the expression level of collagen type I in photo-aged HDFs. Finally, we demonstrated
that hiPSCs-Exo significantly reduced the expression level of SA-β-Gal and MMP-1/3 in senescent HDFs. Taken together, it is anticipated that
these results provide a technical advance toward the application of hiPSCs-Exo for treatment of aged skin.
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Pluripotent stem cells (PSCs) have the ability to differentiate to many cell linages and generate multicellular tissues, called organoids, through
cell-cell interactions in a manner which mimics the in vivo developmental processes. During such self-organization in vitro, both mechanical and
geometrical factors in the extracellular microenvironment are important determinants of PSC fate and behavior [1-3]. These factors act through
the cell adhesion machinery, but exactly how they collectively influence PSC self-organization remains unknown. We developed
microstructured mesh culture system for modulating the adhesion microenvironment, consisting suspended mesh sheets with large openings
(> 100 μm) made with narrow strands (5 μm in width) to restrict cell-substrate adhesion area. Here we report that mouse embryonic stem
cells (mESCs) cultured on this system exhibit self-organization into cysts which show upregulation of genes associated with primordial germ cell
(PGC) lineage even without biochemical induction.
Microstructured mesh sheets used in this study were fabricated by photolithography using SU-8 2 photoresist and coated with iMatrix-511
solution. mESC line E14tg2a were seeded on the mesh sheets and incubated in LIF-supplemented pluripotency maintenance medium. Culture
medium was changed every 3 days. Cells adhered on the mesh strands proliferated successfully and began to fill the mesh openings to form
sheet-like tissues by Day 3. With continued culture, spontaneous cyst formation occurred on the sheet-like tissues between Day 5 and 7.
Immunofluorescence microscopy showed that the pluripotency markers, OCT3/4 and NANOG, were lost after the cyst formation. Surprisingly,
microarray analysis using Clariom S Assay revealed the upregulation of PGC related genes at Day 6 compared with dish-cultured control
mESCs. Our results suggest that modulating the adhesion microenvironment by the mesh culture can trigger self-organized cyst formation and
differentiation to PGC-like lineage, thus providing a model for studying PGC differentiation.
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【Background】Human induced pluripotent stem cells (hiPSCs) are expected as an infinite cell source for construction of artificial tissues which is
applied to transplantation or drug screening. One problem for industrialization by using stirred bioreactor is fluctuation of obtained cell yield
caused by the difference of combination in medium, reagent and cell line. In order to achieve the stable supply of hiPSCs, it is necessary to
understand the influence of input materials on growth events and apply the knowledge to the design of culture process. However, we cannot
ignore the influence of turbulence shear stress on growth events when evaluating only the influence of input materials. In this study we focused
on floating culture where cell aggregates kept floating by constant laminar fluid shear stress generated in rotating culture vessel, and tried to
elucidate the key factor regulating growth events by comparing the growth process between different types of cell line.
【Materials and Methods】The homogeneous size of hiPSC aggregates (253G1, 201B7) were prepared in multi-dimple plate (static condition)
and were cultured in multi-dimple plate and rotating wall vessel (floating condition) for 3 days. Profiling of cell aggregate diameter and number
was performed by sampling and obtaining phase-contrast images every 24 h to investigate growth process through cell aggregate collapse and
coalescence. We also performed profiling the cell density to evaluate the growth ability.
【Results and discussion】Aggregate number of 253G1 time dependently decreased and distribution of aggregate diameter included smaller and
quite larger aggregates than Control (static condition) on Day 3. On the other hand, aggregate number of 201B7 was similar to or larger than
that of Control, and the distribution included the same size or smaller size of aggregates. From growth ability analysis, it was revealed that
while cell density of 253G1 increased, that of 201B7 decreased or did not changed. These results suggested that coalescence was likely to
occur in 253G1 and collapse was likely to occur in 201B7. Moreover, it was speculated that 201B7 aggregates released single cells and
apoptosis occurred1). These difference in frequency of growth events might depend on the difference of aggregate structure and mechanical
strength of aggregates against fluid shear stress.1) Ohgushi et al: Cell, 21, 274-282 (2011)
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Culturing pluripotent stem cells, such as embryonic stem cells (ESCs) or induced pluripotent stem cells (iPSCs), effectively requires feeder-cell
layers or cell substrates coated with cell-adhesive matrixes. However, it is difficult to apply the pluripotent stem cells as resources for
regenerative medicine because of the risk of contamination in culture system by animal-derived factors or the large cost of cell adhesive
matrixes. Therefore, safety and low-cost culture system is remarkably demanded to remove feeder-cell layers or matrixes. To exclude feedercell layers or cell adhesive matrixes, our previous study revealed that mouse ESCs (mESC) could be cultured under feeder-free, matrix-free
condition using the substrate treated by UV/ozone surface modification. However, the proliferation rate of mESCs on the substrates treated by
UV/ozone treatment could not reach the rate on the feeder-cell layers or cell adhesive matrix-coated substrates. In this study, we focused on
UV/ozone surface modification and atmospheric pressure plasma treatment for polystyrene substrates, and aimed to improve adhesion and
proliferation of pluripotent stem cells as well as the conventional culture methods. Specifically, mESCs were cultured for 3 days on surface
modified polystyrene substrates using UV/ozone surface modification combined with atmospheric pressure plasma treatment (UV-plasma
treatment) without feeder-cell layers or cell adhesive matrixes. The DNA amount of cultured cells per dish was measured after the 3-day
culture to evaluate the cell adhesion and proliferation. Changes in molecular structure of the modified polystyrene surfaces were also
evaluated by Fourier transform infrared spectroscopy (FT-IR) and X-ray photoelectron spectroscopy (XPS). As a result, mESCs could be cultured
on UV-plasma treated substrate under feeder-free, matrix-free conditions, and the DNA amount of cultured cells on the substrates treated by
UV-plasma treatment was much larger than that on the matrix-coated substrates. Moreover, specific surface functional groups such as imino
group (C=N) or carboxyl group (COOH) were observed from UV-plasma treated polystyrene surface. In conclusion, it was considered that
imino group or carboxyl group on the polystyrene surface could improve the adhesion and proliferation of mESCs and showed a similar
proliferation rate compared with that using the conventional culture methods.
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[Background] Human stem cell-derived cardiomyocytes are a hopeful cell source of cardiac tissue engineering and regenerative therapy for
repairing the damaged heart tissue. While many papers concerning the electrophysiology of stem cell-derived cardiomyocytes were reported,
the research of the basic cell biological characters including the proliferative capacity and hypertrophic potential of the cardiomyocytes are
few. The elucidation of the properties of differentiated human cardiomyocytes and establishing a method for the efficient purification of the
cardiomyocytes are important in the clinical application. In this study, we report the cell biological properties of the cardiomyocytes and the
development of a visible light-responsive collagen gel for the purification of beating human cardiomyocytes.
[Methods and Results] Human iPS cell (RBRC-HPS0001)-derived cardiomyocytes were cultured on a normal polystyrene culture dish. At 20-30
days after the induction of the cardiac differentiation, 30-40% differentiated beating cardiomyocytes divided for 7 day-cultivation. On the other
hand, the cardiomyocytes rapidly lost their proliferative capacity. Moreover, at 20-30 days after the cardiac induction, the cardiomyocytes
enlarged to 2-3-folds for 7 day-cultivation, but no significant increase was observed in the cells at 60 days. The cardiomyocytes, which were
seeded and cultured on the visible light-responsive collagen gel, also maintained their beatings. We attempted to detach beating
cardiomyocytes on the gel by the photo-irradiation.
[Conclusion] While the beating human cardiomyocytes had the proliferative capacity and their cell sizes enlarged at the early stage after the
differentiation, the cardiomyocytes lost the potentials rapidly during in vitro cultivation. The strict control of the culture condition including the
culture period after the cardiac differentiation will make it possible to purify cardiac subtypes and mature/immature cardiomyocytes.

a90250

02-P085

An optimized and simplified human pluripotent stem cell culture system with StemFit® medium

Kenichiro Ito，Hirotaka Wagatsuma，Hajime Onuki，Takuya Matsumoto，Sho Senda，Atsushi Konishi
Institution for Innovation, Ajinomoto Co., Inc., Tokyo, Japan

Human pluripotent stem cells (hPSCs) such as human induced PSC (iPSCs) are promising cell sources for regenerative therapy because they are
able to differentiate into many types of somatic cells. However, cell therapy products derived from hPSCs require many complicated process
steps, resulting in high cost. In order to reduce the cost, it is necessary to construct processes to achieve workflow simplification and low labor
intensity. For such demands, we have developed defined hPSC-culture media, StemFit®1. The media allow to expand hPSCs by over 100 times
and reduce medium change frequency.
In this presentation, we propose further optimized 2D culture systems using StemFit® toward low labor-intensive and cost-effective hPSCs
cultivation. StemFit® are animal-origin free media, which makes quality check processes be simplified by minimizing risk of infections. To
develop the protocols, we examined how several factors in the culture such as medium components, ECMs, and culturing methods affect cell
growth and pluripotency. The culture systems proposed here are expected to be adaptive for large-scale preparation of clinical grade hPSCs.
1. Nakagawa M, et al., A novel efficient feeder-free culture system for the derivation of human induced pluripotent stem cells, Sci. Rep. 4,
3594, 2014.
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Single-use pH electrode for cell culture medium monitoring
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3

We developed a single-use pH electrode to monitor cell culture status.
In cell culture specialized for regenerative medicine, the following are required for pH electrode.
No toxicity, no change with γ -ray sterilization as a single use, and no affect cell culture.
In order to satisfy these requirements, we did not use gels as the internal solution of the reference electrode, but use KCl solution to prevent
elution of potentially toxic substances.
In addition, glass type membrane was selected as response part to hydrogen ion to minimize the influence on γ -ray sterilization. In order to
reduce shear stress to cell culture, we adopted a small diameter shape and a sleeve type liquid junction in which cells are less likely to clog. In
general, sealed solution type internal solution in reference electrode may occur unstable reference potential and long-term drift of pH value.
However, by changing the composition of the internal solution close to culture medium, we achieved stability within ± 0.1 pH without
calibration for 3 weeks which is typical incubation period.
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Effects of Cell Differentiation on EL M3 and ES-R1-EGFP B2/EGFP Cells in Long-term Culture using Collagen Gel
Derived from Tilapia Scales

Koichi Imai，Tsubasa Shirai
Department of Biomaterlals, Osaka Dental University

The safety of scaffolds is a critical consideration in regenerative medicine. Scaffolds made of collagen derived from mammals may contain
viruses, and those that are artificially made do not necessary have the triple helix structure and may not be suitable for use in humans. Studies
have shown that collagen derived from tilapia, which inhabits tropical and subtropical regions, can be used as a scaffold to enable long-term
culture of cells at 37°C. We selected two of the more common murine embryonic stem (ES) cells that require feeder cells, specifically EL M3
and ES-R1-EGFP B2/EGFP cells, to compare the level of cell differentiation using tilapia collagen scaffolds.
To establish the model of iPS cell culture, we used murine embryonic stem (ES) cells that require feeder cells, specifically EL M3 and ES-R1EGFP B2/EGFP cells. We investigated whether differentiation of these cells could be maintained for 30 days.
Our results demonstrated that cell differentiation could be maintained in less than half of the two ES cell types. Differentiation was less efficient
in ES-R1-EGFP B2/EGFP cells compared with EL M3 cells. The results of the present study demonstrated that approximately less than half of the
two murine ES cell types that require feeder cells continued differentiation in long-term culture for 30 days. Differentiation of ES-R1-EGFP B2/
EGFP cells into cardiomyocytes was slightly less efficient compared with EL M3 cells. Although both cell types are murine ES cells, studies have
reported that the rate of ES-R1-EGFP B2/EGFP differentiation is lower than that of EL M3 cells using scaffolds made of porcine collagen and
MEFs as feeder cells. The findings of the present study in 30-day log-term culture conditions are consistent with the literature.
Previous studies demonstrated the differentiation of ES-D3 cells, which do not require feeder cells, in 30-day long-term culture in most
experimental conditions. However, they also demonstrated that culturing for over 30 days was technically challenging due to collagen
degeneration. Increasing the culturing temperature gradually from 37°C should reduce the time required for cell differentiation. However, there
has been no study investigating the effects of increasing the culturing temperature to 37.3-37.5°C on the differentiation of ES or iPS cells.
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Evaluation of non-invasive analysis of human iPS cell culture by a novel cell culture analysis platform using LC/
MS/MS

Toyoda Kenichi，Suzuki Takashi，Yamamoto Kohei，Nozawa Tomonori，Nishio Tatsuya，Mito Yasuhiro，Bungo Hajime，Takahashi Masatoshi
Shimadzu corp.

Regenerative medicine products have the potential to apply therapeutic approaches for hard-to-treat diseases. Manufacturing process of
regenerative medicine products using pluripotent stem cells(PSCs) consists several steps; producing high quality pluripotent stem cells as cell
source in bulk, differentiating to the objective cell and processing to final products. Since these processes require cell culturing for several
months, development of technology for monitoring culture process is important to evaluate cell state over a long period. Quantitative-PCR,
FACS and immunofluorescent staining are widely used to evaluate the undifferentiated/differentiated state of PSCs. However, these methods
are generally performed at the end of culture due to consideration of the invasiveness to cells. Analysis of cell culture supernatant is suitable
for this purpose, because the approach enables to minimize damage to cells. However, conventional technologies of culture supernatant
analysis are limited to measurement of pH, dissolving gases, and some small compounds such as glucose, glutamine, lactate, and ammonia. We
have aimed to establish analytical methods for the evaluation of the undifferentiated/differentiated state of PSCs without cell disruption. We
have developed novel cell culture media analysis platform that can perform automatic sample pretreatment and multi components analysis up
to 95 compounds found in basal media ingredients (sugars, amino acids, vitamins etc.) and secreted metabolites using a liquid chromatography
coupled to a triple quadrupole mass spectrometer (LC/MS/MS). We will report the details of applicability evaluation of non-invasive analysis
approach for monitoring cell culture state by LC/MS/MS analysis of human iPS cell culture supernatant.
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Improvement of hPSC-cardiomyocyte maturation by enzyme-mediated electrical stimulation
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Electrical signals are known to play an important role during early development and cardiac physiology but many previous studies rely on a
generator to induce a field of current. Hence, we sought to develop a user friendly bio-reactive system that exploits the oxidation-reduction
capability of glucose oxidase (GOx) and bilirubin oxidase (BOD) in glucose supplemented culture media to investigate the characteristics of
hPSC-CM following enzymatic electrostimulation. As a result, GOx(-1.03 to -1.31μA/cm2) stimulated cardiomyocytes exhibited enhanced
electrophysiological function and a three-fold increase in cardiac-specific markers, suggesting that enzymatic electrostimulation can accelerate
hPSC-CM maturation in vitro. From our findings, we further propose an optimal electrostimulation platform designed to ameliorate cell maturity
without the need for an electrical conductor. This work was supported by the National Research Foundation of Korea (NRF) grant (No.
2015M3A9C7030091) from the Ministry of Science, ICT and Future Planning, grant (No. 10047890) of the Ministry of Trade, Industry & Energy
(MI), and by the grant (71500307) from the Ministry of Agriculture, Food and Rural Affairs, Republic of Korea.
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Characterization of Morphologically Irregular iPS clones

Kei Yoshida，Risako Nagasaka，Kei Kanie，Ryuji Kato
Department of Basic Medicinal Sciences, Graduate School of Pharmaceutical Sciences, Nagoya University, Aichi, Japan

Induced pluripotent stem cells (iPSCs) have opened wide possibilities in regenerative medicine and drug discovery, and now it is powerfully
leading the new frontiers of stem cell applications. To widely distribute iPSCs and promise their stable results for further applications, industrial
scale cell manufacturing technology is rapidly in advance. There are growing numbers of technological products and manufacturers announcing
new cutting edge technological trend to expand iPSCs with efficiency and high reproducibility.
Our group had been examining the usage of image-based iPSC colony morphological analysis to monitor and assess the homogeneity of
manufactured iPSCs, and have been proposing the extended usage of such image analysis for optimization of iPSC manufacturing process. For
long time, the morphology of iPSCs had been an important indicator to reflect the changes of their status, such as shift to differentiated status,
however their assessment had been relying on human decisions. By the detailed quantitative analysis of iPSC colony morphology, we found
that “slight irregular colony” that can increase as a result of technical changes. In this work, we discuss the profiles of such irregular clones that
can arise in normal daily culture by using image-based screening and cloning, and suggest the importance of total colony monitoring by
imaging.
Acknowledgement:
Authors are grateful for financial support from Medical Research and Development Programs from the Japan Agency for Medical Research and
Development, AMED.
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A novel method to evaluate quality of iPS cells with improved single-cell pulsed-field gel electrophoresis
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It is important to evaluate quality of iPS cells from various point of view. DNA fragmentation is widely observed in apoptotic cells and damaged
cells. We formerly developed a novel method to detect DNA fragmentation in human sperm using pulsed-field gel electrophoresis1). In this
study, we improved that to realize detection of DNA fragmentation with iPS cells.
iPS cells were embedded in a thin layer of agarose containing bovine trypsin (20 µg/mL). Pulsed-field electrophoresis (1V/cm) was maintained
in TAE buffer containing edaravone (1 mg/mL) , a radical scavenger. DNA components and nuclear matrix were lysed during electrophoresis.
The electrophoretic profiles from each single cells were reflected DNA fragmentation. There were uniformly elongated fiber DNA from healthy
cells after electrophoresis, however from damaged cells with hydrogen peroxide, shortened granular DNA fragments were found. Comet assay
and TUNEL method were not able to distinguish these DNA fragmentation. These results showed that this improved single-cell pulsed-field gel
electrophoresis was enough sensitive to detect the early stage of DNA fragmentation. It is expected to serve diagnosis for iPS cell quality.
References: 1) Kaneko S, et.al. PLoS ONE 7(7): e42257, 2012.
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Neural regeneration after transplantation of Neuronal cell sheet of cortical motor neuron phenotype

Nagisa Arimitsu Nakata，Chieko Hirotsu，Kenji Takai，Jun Shimizu，Naruyoshi Fujiwara，Yoko Okada，Noboru Suzuki
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Introduction:
Brain damage occurs when the blood supply to the blood flow was interrupted or severely reduced at a part of a brain, leading to deprivation
of oxygen and nutrients from the site of the brain tissue. The damage can sometimes cause temporary or permanent disabilities of the
organism.
Methods of replacement of pathological area of the tissue with healthy neural cells, are being investigated as stroke treatments. Neural cell
transplantation is a promising strategy for treating such that damaged brain. We recently transplanted human iPS (hiPS) cell derived neuron
progenitor cells into hemiplegic model mice and ameliorated their motor dysfunction. The transplanted cells differentiated into neurons, which
were considered to be astrocytes, oligodendrocytes or others, and it appeared that these cells secreted various molecules contributing to
functional improvement.
In order to obtain suitable cell types for graft recipients with stroke and brain damage, we have modified a protocol for differentiating hiPS
cells to cells phenotypically related to cortical motor neurons. Moreover, we applied cell sheet technology to neural cell transplantation due to
the idea that retaining cell-cell communications made in cell sheet was important to repair host brain architecture.
Methods:
We cultured hiPS cells and stimulated them to become motor neurons. To make a neural cell sheet, cells were cultured on temperatureresponsive gelation polymer coated plate (Upcell®) for 12 to 16 days (average 14 days) depending on the neuronal maturation, where they
extended axon-like processes. Hemiplegic mice were generated by cryoinjury of the motor cortex and then the neuronal cells were injected
into periventricular area of the brain or we placed the sheets on the brain surface through the burr hole.
Results:
The grafted neurons migrated toward and distributed over the injured motor cortex passing through the corpus callosum from the
periventricular area where the neurons were initially injected. Neurons derived in the cell sheet also migrated into the damaged cortex. The
migrating neurons expressed motor neuron markers. The motor functions were significantly improved in the beam walking test and rotarod
test.
Conclusions:
Our results suggest that transplantation of neuronal cells or the novel neuronal cell sheet that retained cell-cell interactions may become
applicable to restoring the motor functions of patients suffering from hemiplegia.
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Models for designing freeze-thaw process of human induced pluripotent stem cells towards commercial
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Towards commercialization of human induced pluripotent stem (hiPS) cells, there are a number of processes that require standardization. One
example is a freeze-thaw process involving ultra-low temperature. According to previous studies, Miyazaki et al1 presented optimization of slow
cooling cryopreservation for human pluripotent stem cells. However, previous studies for hiPS cells are still in infancy despite of its criticality; in
fact, hiPS cells are known to be vulnerable to freezing and thawing.
In this study, we present models of heat transfer and water transfer that can be used for designing a freeze-thaw process of hiPS cells. Two
simulations were performed by determining the physical properties of hiPS cells by experiments. In the simulation, it was assumed that hiPS
cells were placed with a cryoprotectant in a vial and cooled/heated in a programed freezer. The diameter of a vial was set as 2.0 cm or 1.5
cm, and the surface temperature of a vial was set as 100 K or 150 K. The first simulation was on heat transfer inside a vial during the freezethaw process of hiPS cells, where the cooling/heating rate was calculated for each combination of the diameter and the surface temperature.
When the diameter and the surface temperature were 1.5 cm and 100 K, respectively, the cooling/heating rate was the highest. Significant
difference was observed regarding cooling/heating rate depending on the combination, i.e., the diameter and the surface temperature are
important design parameters. The second simulation was on water transfer through the cell membrane by using the results from the first
simulation. For each combination of the diameter and the surface temperature, the volume of hiPS cells after the freezing process was the
smallest in the position where the cooling/heating rate was the lowest. Again, significant difference was observed regarding the change of the
volume depending on the position in the vial, i.e., survival rate after the freezing process could be influenced by the size and the temperature.
The ongoing work considers more detailed information such as ice nucleation temperature and supercooling situation, and thawing process, in
order to support rational design of the entire freeze-thaw process.
Reference:
1. Miyazaki T, Nakatsuji N, Suemori H. Genesis 52, 49, 2014.
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Effect of hydrodynamics on cell quality in cryopreservation process of hiPSCs
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To establish a stable manufacturing process of cell products, it is necessary to consider the fluctuations such as a variation of cell source,
temperature, process time, and hydrodynamics. In the case of a filling process for cryopreservation, construction of a process to keep the cell
concentration in the reservoir tank while maintaining cell quality is required. Especially, assuming large-scale production for cell banking, a long
exposure time to cryoprotective agent (CPA) including toxic content such as DMSO affect to cell quality. In addition, cells would be damaged
from accumulation of hydrodynamics by agitation in the reservoir tank in a long filling time. To solve this problem, we have developed a new
method for evaluation of the effect of suspension time and hydrodynamics on cells quality suspended to CPA. In this study, four performance
indices were defined to determine the cell quality; survival ratio ( γ ) of cells during suspension in CPA before cryopreservation, recovery ratio
(β) of cells after freezing and thawing, attachment efficiency (α), and specific growth rate (μ). Using these performance indices, we evaluate
the filling / freezing process for cryopreservation of human induced pluripotent stem cells (hiPSCs). In addition, we further discuss the
methodology of constructing a filling process of large-scale production for cell banking.
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Comparison of Pluripotency on Enzymatically and Mechanically Passaged Porcine Induced Pluripotent Stem Cells

Jienny LEE，Na-Yeon GU，Mi Jeong PARK，Jeong Su BYEON，Da-Un JEONG，In-Soo CHO，Sang-Ho CHA
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Induced pluripotent stem cells (iPSCs) can be generated from adult cells. Somatic cells can be reprogrammed to form iPSCs by overexpressing
transcription factors such as Oct4, Sox2, cMyc, and Klf4. To maintain undifferentiated state of iPSCs in vitro, cells have traditionally been
maintained on mouse embryonic fibroblast feeders and passaged by enzymatic or mechanical dissociation methods. In this study, we
compared the morphology and pluripotency of porcine iPSCs (piPSCs) after subsequent passaging using enzymatic and mechanical dissociation
methods. Enzymatically and mechanically passaged piPSCs showed embryonic stem cell-like morphologies with compact cell adhesion and
clear colony borders. In addition, alkaline phosphatase staining was positive for both enzymatically and mechanically passaged piPSCs.
However, visual observation revealed that some colonies of enzymatically passaged piPSCs were spontaneously differentiated more than those
of piPSCs mechanically passaged from 5 passage. Quantitative real-time RT-PCR demonstrated that enzymatically and mechanically passaged
piPSCs expressed pluripotent genes such as Oct4, Sox2 and Nanog well at early passage. Immunofluorescent staining also confirmed that
pluripotent markers such as Oct4, Sox2, and Nanog were positively expressed at early passage. However, expression levels of pluripotent
genes in mechanically passaged iPSCs were also higher than those in enzymatically passaged iPSCs at early passage. Collectively, we found
that mechanical passage method was better than enzymatic passage in terms of morphology and pluripotency of piPSCs at early passage.
Further studies are needed to compare these dissociation methods with those obtained after more passages of piPSCs.
References
1. Ellerström C, Strehl R, Noaksson K, Hyllner J, Semb H. Facilitated expansion of human embryonic stem cells by single-cell enzymatic
dissociation. Stem Cells. 25, 1690, 2007.
2. Nie Y, Walsh P, Clarke DL, Rowley JA, Fellner T. Scalable passaging of adherent human pluripotent stem cells. PLoS One. 30, 9, 2014.

339

a90542

02-P096

Hepatocyte differentiation of genome-edited iPSC clones with the SNP at CYP2C9 screened by NGS analysis
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Single base substitution by genome editing in induced pluripotent stem cells (iPSCs) can be used for generation of human disease model for
drug discovery and elucidation of diseases. However precise editing efficiency is usually low, and it is necessary to keep undifferentiated state
of iPSCs throughout the whole genome editing process, so efficient method for screening of genome-edited iPSCs is required.
In this study, to select the optimal culture system for genome editing, we have compared the several culture systems for iPSCs in single cell
cloning step, and found the Cellartis® DEF-CSTM culture system was superior in expansion of the clones. Moreover, all the expanded clones
maintained their pluripotency, while many of the expanded clones lost the expression of the markers in other culture systems.
We also have developed an efficient screening system for precisely edited clones using the next generation sequencer (NGS). The genomeedited cells were divided into small populations, and the amplicon sequence analysis was performed in each population using Illumina's
MiSeq® system. Using this screening system, we could reliably detect the populations containing the amplicons that possess only the desired
mutation, and could also analyze the amplicons from other targets sites. Simultaneous analysis of both on- and off-target sites enabled
screening of the cell population having a low off-target risk.
Cytochromes P450 (CYP) play a major role in drug metabolisms, and certain single nucleotide polymorphisms (SNPs) have a large effect on
CYP activity related to the efficacy and adverse effects of drugs. The genome edited iPSCs with desired SNPs at CYPs could be the useful
sources in drug screening, then we have tried to establish the genome-edited iPSC clones with the SNP (1075A>C) at CYP2C9*3. However,
having the high sequence homology to other CYP genes, obtaining the clones having only desired SNP without any off target editing will be
almost impossible. Using the established screening system by the simultaneous NGS analysis of amplicons from multiple sites, we could
obtained the clone having only the intended SNP in CYP2C9*3. The obtained clone could differentiated into hepatocytes using Cellartis® iPS
Cell to Hepatocyte Differentiation System.
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Enrichment of Specified Gene Editing Events in Human iPS Cells
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Recent development of CRISPR/Cas9 genome editing technologies has expedited the integration process of custom-made gene mutations in
vitro. Current applications are aiming to repair or recreate disease-causing mutations by inserting, deleting, or precisely modifying target
genomic sites. Generation of specific point mutations can be obtained by leveraging the intrinsic DNA repair machinery, notably homologous
directed repair (HDR), in conjunction with single stranded oligodeoxynucleotide (ssODN) repair templates. However, the generation of precise
single-base substitutions remains a challenging and tedious process.
Aimed at enriching cells that acquire mutations, strategies linking the nuclease to fluorescent markers or antibiotic resistance genes were first
developed1. Yet, these indirect selection methods designate transfected cells rather than newly-formed mutants. We therefore investigate the
possibility that direct selection for particular repair events at a primary locus may bias repair outcomes at a second non-selectable locus, and
are exploring co-targeting strategies based on selectable gain-of-function mutations, for example providing cellular resistance to a drug2.
Experiments in human induced pluripotent stem (iPS) cells predictably result in resistance due to mutation of the primary locus, along with
enrichment for mutations at the secondary site. Through these strategies we aim for a more rapid and controlled generation of iPS cell models
carrying single-base substitutions or single nucleotide polymorphisms (SNP) associated with human disease.
1. Ran FA, et al. Genome engineering using the CRISPR-Cas9 system. Nat. Protoc. 8, 2281-2308, 2013.
2. Agudelo D, et al. Marker-free coselection for CRISPR-driven genome editing in human cells. Nat. Methods 14, 615-620, 2017.
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Generation of gene corrected iPSC line from Parkinson’s disease patient iPSC line carrying an A53T mutation in
alpha-SNCA
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Parkinson’s disease (PD) is the second most age-related neurodegenerative disorder that can result from a mutation of alpha-synuclein (α
-SNCA), such as α-SNCA A53T. By using the episomal vectors, induced pluripotent stem cells (iPSCs) were generated from skin fibroblast with
α-SNCA A53T mutation. Huge bacterial artificial chromosome (BAC), harboring normal α-SNCA gene, has successfully corrected the α-SNCA
A53T-mutant iPSCs. The corrected PD-iPSCs, showing normal karyotype, have pluripotency to differentiate any cell types. FISH analysis
indicates that BAC DNA was precisely targeted to the α-SNCA A53T mutation allele, without a random integration.
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Quantification of cell culture technique by moving particle simulation for stabilization of cellular quality control
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In recent years, mechanization of cell culture has been necessary for industrialization of regenerative medicine and drug discovery research
using primary cells derived from patients. Therefore, many engineering research related to technology of cell processing system are carrying
out cooperating with industry, academia and government. However, there is a difficulty to quantify the cell culture technique as one of the most
important problems for mechanization. Although cell culture is the basic technique in regenerative medicine and drug discovery, each
operation is not specify or define numerically and often trained empirically. Thus, cell culture technique and skill has been different although
the cell culture protocol is same. It is very important to understand and systemize the numeric data of cell culture technique for mechanization
of cell culture.
Cell seeding is the first step of cell culture. Heterogeneous of cell seeding would affect cell proliferation and activity, and also affect the image
analysis of high content screening for cell-based assay. Thus, we tried to measure the cell culture technique, especially cell seeding, for
optimization. In this study, we focus on 3 parameters, seeding speed, angle and position, and investigate how these parameters influence on
cell culture especially dispersibility or homogeneity. To measure cell culture technique, we used our original device that can control 3
parameters. Moreover, to apply the moving particle simulation (MPS) [1] to cell culture technique, the behavior in cell culture plate was
simulated. As a result, cell seeding technique could be optimized in certain case.
References
1. S. Koshizuka, A. Nobe, Y. Oka, “Numerical analysis of breaking waves using the moving particle semi-implicit method,” Int. J. Numer.
Methods Fluids, 26, 7 (1998).
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Towards commercialization of human induced pluripotent stem (hiPS) cells, it is necessary to standardize the way to design and operate the
mass production processes. Previous contributions have been focusing on cell cultivation/expansion in general, such as mathematical models
describing the cycles of embryonic cell cultivation, or application of robotics in iPS cell cultivation. However, little has been done on the
processes such as suspension, filling, cryopreservation, and thawing, which are indispensable for commercial operation.
This work presents models for designing suspension and filling processes of hiPS cells focusing on survival rate of individual cells depending on
the process conditions. The aim of the investigated process is to fill the solutions of cultivated and dissociated cells into containers such as vials
that are to be cryopreserved. The size of the solution is around several liters, whereas that of the vial is around several milliliters. In 2018,
Kagehiro et al (2018) elucidated that the survival rate of cells after the suspension and filling depends on the process conditions such as
temperature and processing time. In particular, when the processing time was long, or when the temperature was around body temperature,
the survival rate decreased significantly. However, shortening the processing time or lowering the temperature would make the batch size
smaller or require cooling devices, and consequently, decrease the productivity of the process. Our model aims to describe these trade-offs as
the ultimate goal; in the first step, we are developing models to describe the state of cells as a function of various process conditions such as
processing time, strength of suspension, and time/method of dissociation. The output of the model includes the limiting conditions of
suspension and filling process that avoid excessive cell deaths or deviation of concentration. By identifying these conditions, we plan to
calculate the extension of damage of cellular membrane from physical perspective and apoptosis caused by damages on cells. The key
strategy here is to consider differences of stocks, experiments, or response of the cells that affect the calculation result.
1. Kagehiro M, et.al. Biochemical Engineering Journal. 131, 31-38, 2018
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Solving the environmental issues for cells: Towards precise regulation of stem cell functions
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Cells are well-organized their functions within tissues as well as a body. To control cell functions as we desired, we need to learn how our
body can regulate their functions. The key is “niche”. Cellular “niche”, or in vivo cellular microenvironments, consisted with soluble factors,
extracellular matrices (ECMs) and cell-cell interactions, have critical roles for determining functions, such as self-renewal, differentiation, survival
and apoptosis. Conventional macro-scale techniques can only provide limited controls of microenvironments over cells, therefore, there is a
current lack of tools to perform accurate and effective procedures. To meet this urgent need, we propose to develop micro/nanofabrication
technology to create artificial niche within a microfluidic device for a better control of cell function, including human pluripotent stem cells
(hPSCs).
In my presentation, I will introduce two on-going research as listed below.
1) High-throughput microfluidic device to obtain functional microtissues
2) Nanofiber matrices for scaled-up culture of stem cells
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Department of cardiovascular, Osaka University, Osaka, Japan，2Building Block Science Joint Research Chair, Graduate School of Frontier Biosciences, Osaka University , Osaka, Japan .
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Background:
How to evaluate cardiotoxicity in newly developed medications in vitro may be a great concern in drug screening. We have already reported
that three-dimensional micro cardiac tip (3D-MCT) using cardiomyocytes derived from human induced pluripotent stem cells (hiPSC-CM) show
good response to some cardio toxic drugs. However, appropriate structural component of micro cardiac tip for drug screening has not been
determined including proper ratio in other component cells such as fibroblasts and endothelial cells. Drugs act on cardiomyocytes directly or
indirectly through other component cells and extracellular matrix (ECM). In this study, we construct micro cardiac tips containing hiPSC-CM
mixed with fibroblast and endothelial cells by coating ECM components on cell surfaces and evaluate response of 3D-MCT to cardio-toxic
drug.
Methods and Results:
To construct 3D-MCT, ECM components such as fibronectin and gelatin were coated on cardiomyocytes (CM) derived from hiPSC and human
cardiac fibroblasts cells (CF). 3D-MCT was constructed with CM, CF and human cardiac microvascular endothelial cells (CE) (3D-MCT-W), or
only CM (3D-MCT-WO). As a result, the cell density of 3D-MCT-W was higher than that of 3D-MCT-WO. The expression of ECM protein such as
collagen and fibronectin, and gap junction protein in 3D-MCT-W were significantly higher than 3D-MCT-WO as assessed by quantitative realtime PCR (collagen1; 18.8-fold, collagen3; 7.9-fold, fibronectin; 19.6-fold, GJA1; 4.3-fold). 3D-MCT-W showed synchronized beating and higher
contractile properties than 3D-MCT-WO as assessed by high-speed video microscopy image-based motion analysis (beating rate; 0.52-fold,
contraction velocity; 1.1-fold, relaxation velocity; 1.3-fold). Addition of E-4031, hERG type potassium channel blocker, in 3D-MCT, both of
3D-MCT-W and 3D-MCT-WO showed arrhythmogenic change, however 3D-CT-WO resulted in prolongation of cardiac repolarization at lower
concentration than 3D-CT-WO.
Conclusion:
3D-MCT mixed with fibroblast and endothelial cells showed great mechanical function and a high sensitivity to drugs, suggesting that
3D-MCT-W may be useful for drug screening tools.
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Isolation and characterization of an endodermal cell population in a three-dimensional culture of human iPS cells
using hollow fibers

Sakiko Matsushita1，Hiroshi Mizumoto2，Toshihisa Kajiwara2
Graduate School of Systems Life Sciences, Kyushu University, Fukuoka, Japan，2Department of Chemical Engineering, Faculty of Engineering, Kyushu University, Fukuoka, Japan
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[Introduction]
In order to apply pluripotent stem cells in the field of regenerative medicine, it is necessary to establish a large-scale preparation protocol for
differentiated cells. We focused on an original culture method in which cultured cells are forming multicellular aggregates inside hollow fibers
as a differentiation culture for human iPS cells. And then, we investigated the differentiation tendency from human iPS cells to endodermal cells.
[Experimental]
The Human iPS cells (201B7) were cultured in a hollow fiber for plasma separation. To expand iPS cells, the iPS cells were cultured for 7 days
under undifferentiated conditions, and after that, the culture condition was switched to spontaneous differentiation conditions. We evaluated
the lineage-specific cell surface marker CXCR4, which is endodermal marker, of cultured cells. Furthermore, we obtained the CXCR4 positive
cells population by cell separation and confirmed the liver differentiation ability of the population by their maturation.
[Results and discussion]
In the undifferentiated culture for first 7 days of culture, cell density achieved about 6.0×108 cells/cm3. This data indicated the high-celldensity culture was achieved. Next, we evaluated the proportion of CXCR4 positive cells in differentiation culture. The maximum level of CXCR4
expression was about 30% at 5 days under differentiation culture and it was 2-fold compared to that in traditional monolayer culture.
Furthermore, in the mature liver differentiation of the CXCR4 positive cells, the expression of AFP, which is early hepatocytes marker, increased
significantly. This data revealed that endodermal cells are expected to be hepatocytes.
[Conclusions]
Our culture method using hollow fibers might be a promising for a large-scale preparation of functional hepatocytes.
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Hepatic differentiation of human induced pluripotent stem cells (iPSC) using 3D human liver extracellular matrix
hydrogel
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1

Background: The development of patient-specific induced pluripotent stem cells (iPSCs) holds great promise for the realization of personalized
regenerative medicine and in vitro disease models. A common limitation of hepatic lineages derived from iPSCs is a blunted phenotype
compared with primary hepatocytes. Decellularized scaffolds composed by natural liver extracellular matrix (ECM) have recently been shown
to maintain the phenotype of primary cells and to promote cell survival, proliferation and differentiation of stem cells.
Aim: The aim of this study was to evaluate the differentiation of human iPSC at different stage of differentiation towards hepatocyte-like cells
(HLCs) by employing 3D human liver ECM hydrogel.
Methods: Decellularized human livers were lyophilized and solubilized using a protease-free protocol employing 0.5M acetic acid and
sonication. The gelification of human ECM solution was induced by adding gelling polymers. Human iPSCs were differentiated towards HLCs
and reseeded into ECM hydrogel at 12 days (hepatoblast stage), 23 days (immature stage) and 30 days (mature stage) post-differentiation. 3D
cell cultures were maintained in vitro up to 30 days for the hepatoblast and immature stage and 37 days for the mature stage. Primary human
hepatocytes were used as control. 3D cultures were analysed by histology, immunofluorescence, viability assays, gene and protein expression.
Results: Human liver ECM hydrogels were successfully repopulated with HLCs at all stages of differentiation as well as with primary
hepatocytes. Viability was confirmed at the end of 3D in vitro differentiation. The metabolic activity of primary human hepatocytes cultured in
3D ECM hydrogels was improved at 7 days compared to 2D culture (P<0.01). Immunofluorescence analysis confirmed expression of hepatic
differentiation markers including A1AT and albumin. The highest level of differentiation was achieved when HLCs were reseeded at the
hepatoblast stage, compared to HLCs reseeded at later stages. Further gene and protein expression analyses are ongoing.
Conclusion: This study demonstrated that HLCs derived via iPSC technology are able to differentiate and mature in 3D ECM hydrogels. The
differentiation efficiency can be improved if HLCs are cultured from an earlier stage (hepatoblast) in 3D ECM hydrogels. This is a key advance in
the development of personalised 3D technologies for the study of liver disease and for the understanding of liver development.
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Improvement of safety for transplantation using cell encapsulation technique
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Human pluripotent stem cells (hPSCs) hold great promise for cell transplantation therapy because methods for generating functional cells from
hPSCs have been developed. However, in clinical field, tumorigenicity caused by residue of undifferentiated stem cells and/or oncogenic
transformation of transplanted cells should be serious problem. Actually, in animal experiments, there are some reports about tumor formation
after transplantation of stem cell-derived cells. In order to ensure safety of transplantation of hPSC-derived cells, protocols of hPSC
differentiation and technologies for excluding the residing stem cells have been developed, but safe methods for transplantation preventing
tumor formation also has not been established. Here we demonstrate that cell encapsulation technique using hydrogel can contribute to
prevent tumor formation caused by transplanted tumorigenic cells. Using microfluidic device, we encapsulated human induced pluripotent
stem cells (hiPSCs) or human embryonic carcinoma cells (hECCs) into core-shell microfiber composed by alginate hydrogel, and formed hiPSC
fiber and hECC fiber as grafts. These cell fibers and non-encapsulated cells were subcutaneously transplanted into immunodeficient scid mice
for tumorigenicity test. The non-encapsulated iPSCs and hECCa generated teratomas and cancers respectively. On the other hand, the hiPSC
fibers and hECC fibers did not generate tumors even 90 days after transplantation. To elucidate that alginate hydrogel encapsulating the
tumorigenic cells prevented the transplanted cells from leaking and generating tumor, hECC fiber was formed using hydrogel composed with
low-molecular-weight alginate (LMWA-hECC fiber), which is easy to be degraded and mechanically broken in vivo. We found that, when the
LMWA-hECC fibers were transplanted, the encapsulating hECCs leaked and formed cancer in scid mice. These results indicate that stability of
encapsulating hydrogel is important for its safety on tumorigenicity. This finding suggests that cell encapsulation techniques can be useful for
cell transplantation therapy especially using hPSC-derived hormone-secreting cells such as pancreatic β cells.
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Comparison of the characteristics between human iPS cell-derived endothelial cells and mature vascular
endothelial cells

Shinako Masuda，Katsuhisa Matsuura，Tatsuya Shimizu
Institute of Advanced Biomedical Engieering and Science, Tokyo Women's Medical University, Tokyo, Japan

A well-organised vascular network is essential for metabolic exchange to maintain homeostasis in the body. Therefore, for progress in
regenerative medicine, it is particularly important to establish methods of vascularisation in bioengineered three-dimensional (3D) functional
tissues. However, to reconstruct the tissues more accurately, it is considered necessary to perform tissue-specific optimisation of the type of
blood vessels, such as arterial or venous, and the vessel diameter. Therefore, it is also necessary to clarify the characteristic features of vascular
cells prepared for fabricating the vascular network structure. Pluripotent stem cells are a promising cell source for fabricating bioengineered 3D
tissues because of their potential to differentiate into various types of cells and their ability to supply a large number of cells. We previously
reported on large-scale bioreactor systems for cardiovascular differentiation from mouse embryonic stem (ES) cells and human inducible
pluripotent stem (hiPS) cells, as well as the fabrication of cardiac cell sheets from these pluripotent stem cell-derived cardiovascular cells. It has
been reported that pluripotent stem cell-derived cardiac tissues prepared by co-culture of vascular cells enhance the performance of
transplanted grafts. Building on previous work with the aim of providing a large number of endothelial cells for fabricating 3D-functional
vascularised tissues, we here developed methods for inducing vascular endothelial cells from human inducible pluripotent stem (hiPS) cells
using 3D suspension culture, and compared their characteristic endothelial features with those of mature endothelial cells. hiPS cell-derived
CD31+ cells expressed several endothelial marker genes, but at that stage their arterial or venous cell fate might not have been decided
because of their immaturity. hiPS cell-derived CD31+ cells formed endothelial cell network structures, similar to mature endothelial cells. These
results indicate that hiPS cell-derived CD31+ cells may be a useful cell source for pre-vascularised network structures in 3D functional tissues.
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Differentiation of human embryonic stem cells into cardiomyocytes cultured on biomaterials immobilized
nanosegments with optimal culture medium

Tzu-Cheng Sung，Cheng-Hui Liu，Akon Higuichi
Department of Chemical and Materials Engineering National Central University, Taiwan

Patients suffer from loss and damage of organs from accidents, birth defects, and diseases every year. Stem cells, such as human embryonic
stem (ES) cells, and induced pluripotent stem (iPS) cells, are attractive prospects for regenerative medicine.1 However, it is difficult to induce
human ES cells to differentiate into particular cell types, which we desired. Currently, it has not yet investigated the effect of cell culture
biomaterials immobilized with extracellular matrices (ECMs) or nanosegments derived from ECMs and the effect of culture medium to induce
hPSCs (human pluripotent stem cells) differentiation into cardiomyocytes. We developed nanosegment-grafted biomaterials having different
elasticity and developed optimal differentiation medium to induce the differentiation of hES cells into cardiomyocytes. We developed several
biomaterials having different elasticity for hPSCs differentiation into cardiomyocytes. We prepared (1) ECM-coated dishes, (2) PVA-IA
(polyvinylalcohol-co-itaconic acid) hydrogel dishes having different elasticity that are grafted with several ECMs, and (3) PVA-IA hydrogel dishes
having different elasticity that are grafted with cell-adhesion oligopeptide (oligovitronectin). We also investigated the differentiation efficiency
using different induction medium: (a) Commercial cardiomyocyte induction medium, (b) RPMI 1640 medium supplemented with B27 and
bovine serum albumin (BSA), (c) CDM3 medium developed by literature.2 On day 0, we replaced the expansion medium into cardiomyocytes
differentiation medium containing the GSK3B inhibitor.3 On days 1-2, we observed that 30%~40% of the cells in the medium shown in (a) and
50~60% of the cells in the medium (b) of the cells were died and detached from the surface. However, the center of the colony of living cells
were getting thicker and became compact. These cells were differentiated into cardiomyocytes on days 5-6. On day 8-10, we successively
observed the contracting colonies on the surface.We evaluated the optimal elasticity of biomaterials, preferable nanosegments immobilized on
the biomaterials and medium components for the differentiation of hPSCs into cardiomyocytes. The results for cardiomyocyte induction of
hPSCs will be used in clinical application and in the investigation of molecular mechanism of specification and maturation of cardiomyocytes.
Keywords—Biomaterials, nanosegments, human embryonic stem cells, extracellular matrices, cardiomyocyte differentiation.
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Total Autologous Angiogenic Therapy with Cultured Bone Marrow Derived MSC Grown in Platelet-Rich Plasma
against Critical Limb Ischemia

Shoji Fukuda1，Shotaro Hagiwara2，Hitoshi Okochi3，Ryo Yakabe2，Hiroko Suzuki2，Satsuki Fukuda3
1
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National Center for Global Health and Medicine

Backgrounds: Previous clinical studies have reported that the implantation of bone marrow (BM)-derived mononuclear cells (MNCs), crude
mesenchymal stem cells (MSCs) or MSCs cultured with fetal bovine serum results in improvement in symptoms and healing of ulcers in patients
with critical limb ischemia (CLI). However, some problems related with grade of invasion and safety remained in those therapies.
Aim: To assess safety and efficacy of our regenerative therapy with autologous cultured bone marrow derived MSCs grown in autologous
platelet-rich plasma (PRP) against advanced chronic critical limb ischemia in patient with diabetes and renal dysfunction.
Design: Single arm, single center, prospective interventional study.
Patients and Methods: Four patients with CLI were enrolled to this study. The ethics committee of National Center for Global Health and
Medicine Hospital and the Evaluation Committee on Regenerative Medicine approved this study and informed consent was obtained from the
patient. Ten to twenty ml of bone marrow were aspirated from the iliac bones of the patient under local anesthesia. It was cultured with
autologous PRP to more than 3 x107 cells. The BM-MSC concentrate was suspended to more than 25 ml with sterile saline. Under general
anesthesia, 0.5 ml of that was injected to muscle in ischemic lower limb. Primary end point were safety, and following examinations for
efficacy were done as ulcer size if it existed, 6 minutes walking test, visual analogue scale (VAS), skin perfusion pressure (SPP), trans cutaneous
oxygen tension (TcPO2) and ankle brachial pressure index (ABPI).
Results: Follow up periods of 4 men patients were 21, 6, 5 and 4 months respectively. Mean age was 73.5 year-old (82, 72, 71 and 69). Three
of them had ischemic ulcer in foot and one had rest pain. They suffered from diabetes and 3 of them had received hemodialysis. One patient
died due to progression of ischemic heart disease 4 months after implantation and another had small area necrosis in feet, but the ethics
committee decided that implantation did not relate both events. Large ischemic ulcer healed completely in one patient and rest pain
disappeared in another patient. Six minutes walking test, VAS, SPP, TcPO2 and ABPI showed no worsening in 4 all patients.
Conclusion: These results suggested that our total autologous angiogenic therapy with cultured bone marrow derived MSC grown in plateletrich plasma against CLI was relatively safe and effective.
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Employment of a prolyl hydroxylase inhibitor to promote vascularization in tissue engineered constructs
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Prolyl hydroxylase inhibitors (PHI) are promising compounds to induce vascularization by stabilizing hypoxia-inducible factor-1α (HIF-1α), a
master switch of angiogenesis. Increased HIF-1α presence induces expression of angiogenic genes such as vascular endothelial growth factor
(VEGF) (Raghunath et al., 2009). Vascularization strategies are highly important for tissue engineering as sufficient oxygen supply of cells ceases
beyond 200 µm distance from the nearest capillary (Lovett et al., 2009). Here, we investigated this new vascularization strategy of
pharmacologically induced hypoxia.
Human mesenchymal stem cells (MSC) were isolated from bone marrow and dermal microvascular endothelial cells (mvEC) from foreskin
biopsies. MSC were characterized according to ISCT criteria and by multipotency. MvEC were characterized for endothelial markers by flow
cytometry and immunocytochemistry. As PHI are known to stimulate cells to secrete angiogenic factors (Lim et al, 2013), MSC-conditioned
medium (CM) after PHI stimulation was analyzed by VEGF ELISA and Proteome ProfilerTM Human Angiogenesis Array. Direct stimulation with PHI
and indirect stimulation via MSC-CM was investigated in sprouting assays of mvEC spheroids in a Collagen type I gel. The number of sprouts
and the accumulative sprouting length was determined.
MSC fulfilled ISCT criteria in terms of surface marker and multipotency. MvEC were positive for CD31 and vWF. Moreover, their sprouting
capacity was confirmed after VEGF stimulation. Direct stimulation with PHI further induced sprouting of mvEC spheroids. MSC CM after PHI
stimulation contained increased levels of VEGF and other pro-angiogenic proteins quantified via Proteome Profiler TM Array. The indirect
stimulation of PHI via MSC CM supported sprouting as well but to a lesser extent compared to direct PHI stimulation.
In this study, a vascularization strategy by a pharmacologically-induced hypoxic state via PHI was demonstrated in sprouting assays.
Interestingly, PHI stimulation showed a pro-angiogenic effect not only by indirect stimulation via MSC but also by direct stimulation of mvEC.
Thus, the stimulation with PHI seems to be a potential strategy to increase vascularization. The application of the here described strategy is
under investigation in a 3D dynamic co-culture model of MSC and mvEC in a biological vascularized scaffold (BioVaSc®).
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Using adipose-derived stromal cells to induce vascularization and soft tissue wound healing
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Although different skin engineering strategies have been developed to help wound healing, crucial obstacles such as vascularization have yet to
be overcome. Fat-derived stromal cells have been shown to aid in wound healing through their ability to drive angiogenesis, increase protein
production, and reduce inflammation. In addition, there are theories that suggest that the regenerative potential from adipose tissue and its
stromal cells come from their derived secreted products. In this work, we tested and compared the vascularization properties of human
adipose tissue, cultured adipose-derived stromal cells as well as conditioned media from adipose tissue and adipose derived stromal cells. The
ex ovo chick embryo chorioallantoic membrane (CAM) assay was performed to observe new blood vessel formation from adipose tissue, its
stromal cells, and their conditioned media. Likewise, chicken aortic ring assay was used to study tubular structure formation promoted by
conditioned media from adipose tissue and adipose-derived stromal cells. Our results illustrate the relative contributions direct and paracrine
factors have on angiogenesis in vitro and demonstrate adipose tissue and adipose-derived stromal cells have the potential to improve
vascularization in future tissue engineered treatments.
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Is hypoxic pre-conditioning of mesenchymal stem cells key to angiogenesis of tissue engineering and regenerative
medicine research?

Jasmine Ho，Katerina Stamati，Martin Birchall，Mark Lowdell，Paolo De Coppi，Umber Cheema
University College London

Introduction
A major obstacle in the in vivo success of tissue engineering is the inability for implanted cells within a scaffold to survive without an adequate
blood supply, hence acceleration of angiogenesis is highly desirable. Published research have shown that VEGF production of mesenchymal
stem cells (MSCs) increases in hypoxia. If exploited correctly, such cells can be a novel source of angiogenic signals delivery to accelerate
angiogenesis in vivo.
Study Design
We seeded a combination of MSCs and human umbilical vein endothelial cells (HUVECs) into 3D collagen hydrogels. Initial hydrogels were
rolled to produce a variation of oxygen tension gradient within the core structure. The effects on the seeded cells were studied and cells were
then subsequently cultured at various oxygen concentrations (5-20%), pre and post hydrogel seeding, to determine effects on pro-angiogenic
factor production and HUVEC tubular formation. Chorioallantoic membrane (CAM) assay was also performed to verify in vivo angiogenic
effects.
Results
Cells within the core of 3D constructs were found to be in a state of hypoxia. VEGF production is increased in the core in the first 8 days.
Effect of hypoxic pre-conditioning at the pre-seeding (2D culture) stage also demonstrated distinct changes in pattern of VEGF production
when cultured in 3D, such that peaks of VEGF production occurred at different times, when compared to normoxic pre-conditioned MSCs
which were subjected to hypoxia after seeding. PCR analysis confirmed increased in HIF1a expression of cells conditioned in hypoxia. Coculture with HUVECs demonstrated increase tubular formation of endothelial cells in hypoxic conditions. In vivo CAM assays also showed
enhanced angiogenesis in hypoxic conditioned cells.
Conclusion
Understanding the effects of hypoxic pre-conditioning of cells remains complex. The overall results however indicate that hypoxia does
enhances angiogenic signals for induction of vascularization in both in vitro and in vivo settings. This type of hypoxic mediated cell behaviour is
supported by extensive published literature which show that cells adapt to prolonged hypoxia with increased pro-angiogenic factor
production, self renewal and multipotency. These finding will have a significant impact on in vitro culture practices and use of MSCs as
therapeutic source of angiogenic factors for regenerative medicine purposes.
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Mesenchymal stem cells secretome effects on muscle-tendinous unit for Massive rotator cuff tears treatment
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Massive rotator cuff tears (MRCTs) are very large tears that are difficult to repair and often associated to an uncertain prognosis. The musculotendinous degenerative changes associated to chronic MRCTs and, the low regeneration potential of the rotator cuff Tendon-Bone interface
(TBi), thus impose the development of new therapeutic strategies. In the present study we aimed to study the effect of the secretome of
mesenchymal stem cells (MSCs) on muscular degenerative changes associated to rotator cuff tears. We also intended to evaluate the effect of
exposing tendon cells (TCs) to the secretome of MSCs followed by its combination with an electrospun keratin based scaffold aiming to
improve TBi healing in a chronic MRCT rat model.
Methods and Materials
A bilateral two-tendon section was performed to create a MRCT in a rat model and animals were sacrificed 16 weeks after injury.
Experience 1: 44 rats were randomly assigned to six groups: sham group, lesion group (MRCT), and four treated hMSCs secretome injection
groups (single local, multiple local, single systemic, and multiple systemic). Atrophy and fatty degeneration of the muscle were evaluated.
Experience 2: 15 rats were randomly assigned to three groups: untreated control (MRCT), and lesion treated with a scaffold only (scaffold) or
with a scaffold seeded with TCs preconditioned with secretome of MSCs (STC_MSC_S). Histological analysis and biomechanical testing of the
TBi was performed.
Results
It was observed that the injection of hMSCs secretome immediately after the lesion was established, could decrease the development of
muscle degeneration. This strategy is particularly important for patients whose tendon healing after later surgical repair could be compromised
by the progressing degenerative changes. Moreover, the impact of a Tissue Engineering (TE) strategy based on the combination of an
electrospun keratin scaffold seeded with hMSCs secretome-preconditioned hTCs to improve rotator cuff TBi healing was assessed. In vitro data
revealed that hMSCs secretome increased hTCs phenotype, as well as their cell densities, and viability. In vivo studies revealed that
preconditioning hTCs with the hMSCs secretome in a TE strategy yielded improved rotator cuff TBi healing.
Conclusion
Our data suggests that MSCs and their secretome effectively decreases muscle degeneration and improve TBi healing, when combined with
keratin based scaffolds, suggesting a possible role to improve outcomes when treating MRCT.
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Intra-articularly injected mesenchymal stem cells do not migrate and engraft in other, distant organs

Maria Satue，Reinhold G. Erben
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Articular cartilage repair is a major problem in our ageing population because of its limited capacity to self-repair after injury. Intra-articular
injection of mesenchymal stem cells (MSCs) has shown a potential for promoting cartilage repair in experimental and clinical studies. However,
due to the difficulty of tracking cells in vivo, it is still unknown whether MSCs migrate and engraft in other organs. The aim of this study was to
track intra-articularly injected MSCs in a novel immunocompetent transgenic rat model, which mimicks patients treated with autologous cells.
MSCs were isolated from the bone marrow of transgenic rats that ubiquitously express the genetic marker human placental alkaline
phosphatase (ALPP). This marker is a heat-stable enzyme that can be easily tracked via histochemical staining. Focal cartilage defects in the
patellar groove of the knee joint were surgically created in immunocompetent transgenic recipient rats expressing a heat-sensitive form of the
ALPP protein (ALPPm). ALPPm transgenic rats are tolerant to cells carrying the genetic marker ALPP because the two protein forms differ in only a
single amino acid. ALPPm rats received an intra-articular injection of ALPP-labelled MSCs and, by heat inactivation and further histochemical
staining, ALPP-labelled MSCs were tracked in the knee joints and in other organs such as lung, heart or kidney.
ALPP-labelled MSCs were observed in the cartilage lesion 1 week and 1 month after the cell injection. However, we failed to detect ALPPlabelled MSCs in the lung, heart, or in the kidney at 1 week and 1 month after cell injection. In conclusion, using our transgenic rat model, we
show that intra-articularly injected, ALPP-labelled MSCs engraft within the articular cartilage defect, but do not migrate to and engraft in other,
distant organs. Therefore, these results support the safety of intra-articular injection of MSC in the treatment of articular cartilage repair.
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Epiregulin promoted migration and chemotaxis ability of adipose-derived mesenchymal stem cells via MAPK
signaling pathways

Zhipeng Fan
Capital Medical University School of Stomatology

Objectives: To investigate the effect of epiregulin (EREG) on the migration and chemotaxis of the adipose-derived stem cells (ADSCs).
Methods: Lentiviral EREG shRNA was used to silience the expression of EREG in ADSCs. Human recombinant EREG protein (rhEREG) was used
to do gain-of-function study. Scratch-simulated wound migration and Transwell chemotaxis assays were used to examine the migration and
chemotaxis capacity of ADSCs in vitro. Western blot was performed to detect the expressions of p38 mitogen activated protein kinase (p38
MAPK), c-Jun N-terminal kinase (JNK), extracellular signal-regulated protein kinases 1 and 2 (Erk1/2), and protein kinase B (Akt).
Results: Depletion of EREG with EREG shRNA inhibited ADSCs migration and chemotaxis ability and repressed phosphorylation of p38 MAPK,
Erk1/2 and JNK. rhEREG improved ADSCs migration and chemotaxis capacity and up-regulated phosphorylation of p38 MAPK, Erk1/2 and JNK
which impaired in EREG-silenced ADSCs. Furthermore, blocking signaling with p38 MAPK specific inhibitor SB203580, Erk1/2 specific inhibitor
PD98059, or JNK specific inhibitor SP600125, restricted the migration and chemotaxis functions of EREG in ADSCs.
Conclusions: EREG can promote the migration and chemotaxis ability of ADSCs by activating p38 MAPK, Erk and JNK signaling pathways.
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Tuning substrate stiffness to unlock the potential of mesenchymal stem cells paracrine signalling
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Mesenchymal stem cells (MSCs) have significant therapeutic potential due to their ability to differentiate into musculoskeletal lineages suitable
for tissue engineering, as well as the immunomodulatory and regenerative effects of their secretome. Cues from the extracellular environment,
including physical stimuli such as substrate stiffness, are strong drivers of MSC proliferation and differentiation, but their effects upon MSC
paracrine activity are largely unknown. MSC secretome could form the basis of future MSC therapies and in this study, we proposed to test the
effect of substrate stiffness on MSC paracrine signalling.
We used a model system of human bone marrow MSCs seeded onto soft (0.6 kPa) and stiff (70 kPa) polyacrylamide gels. RNASeq of MSCs
cultured in these soft/stiff substrates showed significant changes in genes involved in actin cytoskeleton, mechanotransduction, cell
morphology, and cell movement. Conditioned medium comprised of paracrine factors released by MSCs cultured in soft and stiff substrates
were collected. Secretome profiling was performed on soft and stiff MSC conditioned media using human cytokine arrays consisting a total of
120 cytokines. Significantly increased levels of IL-6 and IL-8 were detected on soft substrates and increased levels of Osteoprotegerin, MCP-1,
and TIMP-2 on stiff substrates. These paracrine factors were tested on MSC proliferation, osteo/adipogenic differentiation bias, and
immunomodulatory activities. Conditioned media from soft substrates was found to significantly increased adipogenic and osteogenic
differentiations as well as macrophage phagocytosis activity compared to stiff substrates.
Our results show that bioengineering the culture environment can increase therapeutic potential of MSCs and this can open up the
opportunities to tailor-made secretome profile.
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Impact of standardized platelet-derived growth factor lyophilisates on human MSC and chondrocytes  in vitro
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Platelets (thrombocytes) affect many physiological and pathological processes by the provision of coagulation factors, adhesion molecules,
fibrinolytic factors, growth factors and cytokines. The application of platelet-derived growth factors is currently one of the promising
approaches in regenerative therapies in orthopedics, dentistry and many other subjects. The panel of the released biologically active factors is
long, among them platelet-derived growth factor (PDGF), transforming growth factor-ß (TGF-ß), vascular endothelial growth factor (VEGF),
insulin-like growth factor-I (IGF-I) and hepatocyte growth factor (HGF). Several preparation methods exist to obtain platelet-derived growth
factors (e.g. platelet-rich plasma/PRP). However, these methods are limited by their inhomogeneous composition and their elaborative
production protocols. In this respect, the need for a standardized preparation of platelet-derived growth factors is obvious. In the present
study, a standardized, lyophilized platelet growth factor preparation was used for the stimulation of human mesenchymal stem/stromal cells
from adipose tissue (MSC) and chondrocytes from articular knee cartilage. Both cell types were cultivated over 2 weeks with one-time (1x),
two-time (2x) and six-time (6x) addition of 1% growth factor lyophilisate in cell culture medium. The analyses of the cell proliferation and the
metabolic activity were executed on day 3, 7 and 14. Additionally, protein concentrations and the synthesis of bone-specific collagen type I
and the cartilage-specific collagen type II were quantified by ELISA. MSC as well as chondrocytes stimulated with growth factor lyophilisates
showed a dose- and time-dependent increase in cell number. Even a one-time stimulation with growth factor lyophilisate resulted in enhanced
proliferation rates of both cell types. Furthermore, in both cell types a dose-dependent decrease of the collagen type II content in the
supernatant accompanied by a dose-dependent increase of the collagen type I content. Thus, an impact on the differentiation status of these
cells by the treatment with growth factor lyophilisates was obvious. Hence, our results underline the substantial potential of standardized
growth factor lyophilisates in regenerative medicine.Acknowledgement: This work was financially supported by the European Union and the
Federal State Mecklenburg-Vorpommern (EFRE, ESF, ELER, project-No. TBI-V-1-141-VBW-050).
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Injury modulates mesenchymal stromal cell secretory activity: effects on angiogenesis
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Osteogenesis and angiogenesis are two closely associated processes during bone development, growth, and repair. During the development of
long skeletal bones or bone regeneration in a biomechanically unstable environment, endochondral ossification (EO) occurs. Angiogenesis is an
important mechanism during EO, where bone formation is strongly dependent on a rich vascular network to supply oxygen and nutrients.
Recent studies showed that factors secreted in the injury microenvironment play a key role in bone fracture healing (1). In order to determine
the role of cell secreted factors involved in the modulation of EO, it is critical to identify their roles as angiogenic stimulators or inhibitors. Since
mesenchymal stromal cells (MSCs) are well known responsive cells in bone environment, we modulated their secretory activity to mimic the
injury cues occurring during bone formation and repair. Cells were incubated with selected inflammatory factors (50 µg/mL TNFa, 50µg/mL
IL1a) under either normoxic or hypoxic conditions. Next, to study the effect of cell-conditioned media (CMs), different aspects of the angiogenic
process, such as differentiation, proliferation, and migration of endothelial cells were evaluated in vitro. Moreover, ex vivo sprouting
“metatarsal” assay was carried out to better mimic the angiogenic niche and to confirm the in vitro outcomes. Our results indicated that
preconditioning of human MSCs under mentioned stimuli triggered the cell secretory activity and these stimulated factors affected the
angiogenesis process in different ways. We observed that while the hypoxic stimulus enhanced endothelial cell migration, the combinatorial
effect of inflammatory factors significantly increased their differentiation capacity without affecting their proliferative potential. These data
support the hypothesis that modulation of the injury microenvironment can be an alternative strategy for efficient bone healing. Therefore,
additional analysis of the secretome activity as well as a deep characterization of the role exerted by extracellular vesicles would be of great
interest.

1- Stegen S, Carmeliet G. (2017). Bone. 2017.
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Naringin Nanomicelles Delivery as a Bioinstuctive Strategy for Triggering Mesenchymal Stem Cells Osteogenic
Differentiation
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Naringin is a naturally occurring hydrophobic flavanone present in Citrus fruits and is the main component in Drynaria fortunei, a traditional
Chinese medicine for osteoporosis. This natural compound is also capable of enhancing bone regeneration. However, this flavonoid has poor in
vivo bioavailability, a factor that restrains its widespread application. Nanocarrier delivery systems such as amphiphilic polymeric micelles can
improve hydrophobic drugs properties by increasing their aqueous solubility and altering their pharmacokinetics. In this work, the delivery of
Naringin through biodegradable di-block polymeric micelles is hypothesized to enhance its pro-osteogenic effect upon controlled intracellular
delivery. A facile synthesis of the amphiphilic di-block copolymer was achieved via a Michael-type addition reaction between hydrophilic
methoxy poly(ethylene glycol)-maleimide and hydrophobic thiol-poly(L-lactide) under mild conditions. Copolymer characterization by proton
NMR and ATR-FTIR spectroscopy revealed the existence of a Michael-type chemical linkage between the two polymers. The resulting mPEGMS-PLA copolymer self-assembled into monodisperse polymeric micelles (70.69 ± 5.48 nm) with a high Naringin encapsulation efficiency (87.8
± 4.6 %) via controlled nanoprecipitation in aqueous solution. Naringin release from mPEG-MS-PLA micelles followed a relatively fast release
profile at physiological pH, with up to 80 % of released drug within 24 h. Cellular uptake evaluation of mPEG-PLA micelles in human adiposederived mesenchymal stem cells (hASCs) revealed a direct correlation between micelles dose and uptake. Moreover, the cytotoxicity profile of
blank or drug loaded co-polymer micelles on hASCs showed no significant decrease of cell viability up to 3 days. The pro-osteogenic activity of
micelle delivered Naringin was investigated by alkaline phosphatase assay. The obtained results suggest that the controlled delivery of Naringin
promotes hASCs differentiation into bone cells might improve its osteogenic properties over free drug administration. Overall, the micellar
carriers demonstrated suitable properties for the delivery of flavanones into hard to transfect hASCs and are envisioned to be used in the future
for stem-cell based osteogenic therapies.
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The success of regenerative strategies to replace tissues lost due to disease or injury relies on safe and reliable lineage specific differentiation
of stem cells. Existing approaches focus on the delivery of select proteins (growth factors, transcription factors etc.) or nucleic acids to achieve
host or implanted stem cell differentiation. Although the single morphogen system shows promise, issues such as dosage, delivery, specificity,
ectopic effects and immunological complications have posed significant translational and clinical limitations. Therefore, a sophisticated system
that is biomimetic in nature and provides the necessary cues in physiologically relevant quantities is required. Exosomes satisfy these criteria.
Our hypothesis is that: Exosomes derived from differentiated MSCs can promote lineage specific differentiation of naïve MSCs. To test this
hypothesis, MSCs were differentiated into osteogenic, chondrogenic and adipogenic lineages according to established protocols. Exosomes
isolated from these MSCs were used to subsequently interact with naïve MSCs and their effects on lineage specific differentiation was
evaluated in vitro and in vivo. Endocytosis experiments indicated no alteration in the saturable and dose dependent uptake of the different
exosomes by target MSCs. Quantitative PCR for expression of differentiation marker genes indicated that exosomes from the three different
lineages were able to promote respective lineage specific differentiation of naïve MSCs. Furthermore, subcutaneous implantation of naïve
MSCs with respective control and lineage specific exosomes resulted in subsequent lineage specific differentiation of the MSCs. Finally a
miRNA Seq analysis of the exosomal constituents showed that the lineage specific effect of the exosomes arises from altered miRNA
composition that defines gene expression in target cells when endocytosed. These results show that MSC exosomes can be used as tools to
promote lineage specific differentiation of stem cells. Furthermore, extrapolating from these results, by altering the miRNA composition of MSC
exosomes in a targeted fashion, it is possible to generate engineered exosomes for therapeutic applications in regenerative medicine.
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Layer-by-layer Surface functionalized Microcarriers for Delivery of Pro-osteogenic Inducers to Mesenchymal
Stem/Stromal Cells
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The delivery of bioactive molecules to bone tissue progenitor and bone-precursor stem cells has been gathering in-creased attention due their
inherent potential for stimulating cell function and enhancing the repair and formation of fully functional tissue. However, bioactive molecules
low bioavailability and limited half-life has restricted their wide application in bone regenerative medicine. In this context, the development of
micro and nanosized delivery systems able to encapsulate and deliver bioactive molecules has contributed for significant advances. Controlling
pharmaceutics release profile is one of the most promising approaches to overcome current limitations and accomplish an improved
regenerative outcome. Herein, we take inspiration on this developed biodegradable polymeric microcarriers for delivery of prosteogenic drugs
and that are surface functionalized through sequential layer-by layer (LbL) deposition with targeting biopolymers to Mesenchymal Stem/Stromal
Cells Surface. This delivery system is expected to open the possibility of providing higher cell selectivity and control over bioactive molecules
release profile to guide tissue repair processes via stem cell-based therapies.
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Three dimensional culture effect on the gene expression profile in human mesenchymal stem cells derived from
bone marrow and adipose tissue under serum-free condition
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Paracrine factors are regarded as a critical factor in mesenchymal stem cells (MSC)-mediated effects on tissue regeneration. Our previous study
revealed that three-dimensional (3D) culture is more effective to induce the secretion of bioactive factors from human MSC (hMSC). To enhance
the utility of conditioned medium (CM) for tissue regeneration, this study aimed to compare the gene expression profile of bone marrow (BM)derived hMSC (BM-hMSC) and adipose tissue (AD)-derived hMSC (AD-hMSC). Culture condition was either 3D or monolayer culture in growth
medium (GM) under serum-free condition. We investigated the effects of the CM for proliferation and reactive oxygen species (ROS) decrease.
After micro-array analyses, 3D culture method led to increase gene expression in both hMSCs under both media conditions. We identified
1699 and 1311 types of genes which was significantly increased in 3D-hMSC over monolayer-cultured hMSC for BM and AD sources,
respectively. Paracrine factors increased from 3D-culture of both hMSCs belongs to angiogenesis and chemokines. Among these, paracrine
factors were validated by real time RT-PCR that showed an increase in the expression of IL-8, EGF, VEGF, or angiogenin from BM-hMSCs, and IL6,-8, EGF and angiogenin from AD-hMSCs by 3D-culture. These findings suggest that 3D culture method is close to in vivo microenvironment of
cells, and more useful to prepare the CM for tissue healing which facilitate tissue healing.
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The Control of MSCs Differentiation by Fibrin Assemblies Endowed with Immobilized Growth Factors
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We attempted to differentiate bone marrow-derived mesenchymal stem cells (MSCs) in order to develop bioengineered heart valves and
vascular prostheses. Subsequently the decellularized biological scaffold recellularized with MSCs will be tested.
The differentiation can be facilitated by sustained release of growth factors from the fibrin assemblies. Fibrin, fibrin with heparin, fibrin with
adsorbed or covalently-immobilized vascular endothelial growth factor (VEGF) and/or fibroblast growth factor (FGF-2) via binding to heparin
attached to fibrin were prepared and evaluated for their stimulation of MSCs differentiation. MSCs were seeded onto decellularized tissues and
cultured for 21 days.
In our study the cell differentiation was followed either by molecular genetics methods (RT PCR) or by immunofluorescence staining of specific
proteins. The fully differentiated and mature vascular SMCs express specific contractile proteins, markers that distinguish them from any other
cell type. In order to estimate the degree of differentiation into smooth muscle cell type, we evaluated the mRNA expression of an early
smooth muscle marker α-actin (ACTA2), later markers calponin (CNN1) and desmin (DES), and finally smooth muscle myosin (MYH 11) which
is expressed by mature vascular SMCs. We measured osteoblasts markers alkaline phosphatase (ALP) and osteocalcin (BGLAP). To ascertain
the ability of proved the studied cells to reconstruct the extracellular matrix, we estimated the expression of collagen I (Col1A1). The samples
were taken on days 1, 3, 7, 14, and 21 after seeding.
We have found that VEGF either adsorbed or covalently bound increased significantly the expression of all investigated smooth muscle cells
markers. The expression α-actin that was present at low level even before differentiation was rising 600 times on day 14. The mRNA
expression of DES and CNN1 was rising till day 21 fluently and reached the values of housekeeping genes. After 14 days of cultivation the
mRNA expression of MYH11 was rising significantly (20-40 times). The FGF-2 factor has a significantly negative influence on the rate of the cell
differentiation into smooth muscle, but it seems it might support cell migration into the biological scaffolds. Thus the combination of VEGF and
FGF-2 could be optimal for the development of vascular replacement.
Supported by Ministry of Health of the Czech Republic (grant No.15-29153A, grant No. 15-33018A).
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Human Adipose Mesenchymal Cells Inhibit Melanocyte Differentiation and the Pigmentation of Human Skin via
Increased Expression of TGF- β1
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There is accumulating evidence that interactions between epidermal melanocytes and stromal cells play an important role in the regulation of
skin pigmentation. In this study we established a pigmented dermo-epidermal skin model, melDESS, of human origin to investigate the effects of
distinct stromal cells on melanogenesis. melDESS is a complex, clinically relevant skin equivalent composed of an epidermis containing both
melanocytes and keratinocytes. Its dermal compartment consists either of adipose tissue-derived stromal/mesenchymal cells (ASCs), dermal
fibroblasts (Fbs), or a mixture of both cell types. These skin substitutes were transplanted for 5 weeks on the backs of immuno-incompetent
rats and analyzed. Gene expression and Western blot analyses showed a significantly higher expression of transforming growth factor-β1
(TGF-β1) by ASCs compared with dermal Fbs.
In addition, we showed that melanocytes responded to the increased levels of TGF-β1 by down-regulating the expression of key melanogenic
enzymes such as tyrosinase and tyrosinase-related protein 1. This caused decreased melanin synthesis and, consequently, greatly reduced
pigmentation of melDESS. The conclusions are of utmost clinical relevance, namely that adipose tissue-derived stromal/mesenchymal cells
derived from the hypodermis fail to appropriately interact with epidermal melanocytes, thus preventing the sustainable restoration of the
patient's native skin color in bioengineered skin grafts.
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Natural polymers mimicking human ECM orchestrate human adipose-derived stem cells behaviour

Prasad Sawadkar，Sturat Brown，Nupur Kohli，Elena Garcia-Gareta
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Organ failure leads to decreased quality of life and morbidity. Current gold standards for organ transplantation have inherent weaknesses like
donor site morbidity, donor shortage, and immuno-compatibility. A tissue engineering approach by using biomaterials fabricated from natural
polymers and seeded with autologous stem cells has potential to restore functional organs as they are bio- and immuno-compatible, and stem
cells have the capacity for self-renewal and differentiation into specific linages. However, to fabricate these functional tissue equivalents there is
limited understanding about interaction between stem cells with natural polymers present in the extracellular matrix (ECM) like collagen, fibrin
and elastin1,2,3. Therefore, the aim of our study was to investigate how different 3D environments made of proteins found in the natural 3D ECM
affect cellular behavior of human adipose derived stem cells (hADSCs) as a preliminary step to design 3D constructs for tissue and organ
regeneration. Scaffolds from natural polymers (collagen, fibrin and elastin) were fabricated by custom designed processes and seeded with
hADSCs. The structural and mechanical properties of the different scaffolds were characterised. In vitro cell studies were carried out where
survival, proliferation, phenotype and angiogenesis were investigated. Collagen and fibrin scaffolds had fourfold higher swelling ratio than
elastin, but elastin was the most stable polymer. Collagen and fibrin scaffolds degraded considerably faster than elastin scaffolds. After 28 days
in culture hADSCs were viable and proliferative. hADSCs in the elastin scaffold maintained their non-aggregated behaviour and demonstrated
spindle morphology while on fibrin and collagen they showed aggregated morphology. Results suggested a higher vascular network on
collagen and fibrin scaffolds as compared to the elastin scaffolds and hADSCs maintained its undifferentiated state on elastin. Fibrin had
weaker cellular properties but structurally it was the most porous scaffold. hADSCs adhesion and proliferation on collagen was higher
compared to the other scaffolds. These findings about how polymers present in the natural ECM affect hADSCs behaviour in vitro can help
designing 3D constructs for in vivo tissue and organ regeneration.
REFERENCES: 1Zhang and Kohn; Birth Defects Research (Part C) 96:63–81, 2012, 2Daamen E et al., Biomaterials;28(30):4378-98, 2007.
3
Buttafoco L et al., Biomaterials; 27(5):724-34 2006
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Characterization of Adipose Mesenchymal Stem Cells on HA/ZrO2/PRP/HS Scaffold
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Hydroxyapatite (HA) has been successfully coated on zirconia (ZrO2) to construct a porous scaffold with higher mechanical strength, but there
are still big challenges regarding the delivery of osteogenic growth factors (GFs) and sustained release of them. We fabricated a porous
interconnected HA/ZrO2 scaffold by slurry method with 71.6 + 0.5% porosity and 310 + 150μm pore size. Platelet rich plasma (PRP) was used
as a source of GFs and heparin sulfate (HS) sequestrated them. After activating PRP with 2.5%CaCl2, 5μg/mL of HS was added and mixed well,
followed by impregnation into the porous HA/ZrO2 scaffold. The PRP/HS containing scaffolds showed a significantly higher mechanical strength.
Adipose mesenchymal stem cells (ADMSCs) were characterized by flow cytometry for CD44, CD105, CD106, CD34 and CD144 and also the
pluripotency was checked by differentiation into the adipocytes and osteoblasts. For viability test, cells were seeded on the scaffolds in a 24
well plate for 7 and 10 days and to evaluate the cell morphology and attachment on the scaffolds; ADMSCs were examined by SEM and PKH
staining. MTT assay revealed that scaffolds were not toxic and the cells kept the metabolic activity up to the day 10. Three days after seeding,
PKH staining revealed that the cells attached perfectly to the scaffolds. They well expanded and maintained a fibroblast-like shape in both
scaffolds with/without PRP/HS. PRP/HS did not have any influence on the cell phenotype .SEM also showed that the cells grown in HA/ZrO2/
PRP/HS had a fibroblast-like structure with few cell processes.
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Accelerated bone regeneration via three-dimensional cell printed constructs containing human nasal stem cells as
a clinically applicable therapy
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Stem cell transplantation is a promising therapeutic strategy including both cell therapy and tissue engineering for the treatment of many
regenerative diseases; however, the efficacy and safety of stem cell therapy depend on the cell type used in therapeutic and translational
applications. Human nasal inferior turbinate-derived mesenchymal stem cells (hTMSCs) are an excellent alternative source of adult stem cells
for clinical use because they can be obtained easily by minimally invasive collection procedures and expanded rapidly ex vivo for
transplantation. Moreover, hTMSCs show the biopreserved potency of multiple MSC characteristics, which are not affected by donor age or
passage number. Here, we fabricated a multi-compositional three-dimensional (3D) construct containing hTMSCs using 3D cell printing
technology. This construct can provide a tissue microenvironment that closely mimics the extracellular matrix, particularly type I collagen,
thereby emulating native bone tissues, and we investigated its potential for bone tissue regeneration. Interaction of the construct containing
hTMSCs with the host tissue during tissue regeneration was shown in comparison with human bone marrow-derived MSCs (hBMSCs), which is
the most commonly used cell type for regenerative medicine. hTMSCs in 3D printed constructs (3D-hTMSCs) showed much greater viability
and growth in vitro compared with hBMSCs in 3D printed constructs (3D-hBMSCs). The osteogenic potential of 3D-hTMSCs was also highly
promoted compared with 3D-hBMSCs, as demonstrated by increased expression levels of the osteogenic proteins osteocalcin and runt-related
transcription factor. Likewise, 3D-hTMSCs showed better cell survival and alkaline phosphatase activity and greater osteogenic protein
expression than 3D-hBMSCs upon subcutaneous implantation into the dorsal region of nude mice. Notably, in an orthotopic model,
implantation of 3D-hTMSCs led to greater bone matrix formation and enhanced bone healing than implantation of 3D-hBMSCs into a tibial
defect in rats. The clinical relevance of these results is underlined by the potential for rapid tissue regeneration and ambulation in bone fracture
patients implanted with 3D-hTMSCs. These findings represent a step towards the clinical application of 3D bioprinted hTMSCs in regenerative
medicine for tissues and organs.
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Engineering structures and functions of stem cells by suspended large-area graphene nanopatterned scaffolds
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Stem cells are capable of differentiating into various types of cells and hence hold considerable promise as one of the keys for success in tissue
engineering and regenerative medicine. Here we introduce a concept for designing and manipulating material-based platforms using highly
uniform graphene in combination with lithographic nanofabrication technology for stem cell culture. Inspired by the hierarchical nanofibrous
and highly oriented structures of natural extracellular matrix in the human body, we developed the suspended graphene nanopatterns that
could provide the synergistic cues of graphene and matrix nanotopography for collectively controlling the structure and function of stem cells.
These suspended graphene scaffolds may be used to advance regenerative medicine.
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Optimization of the “Nichoid” substrate for the Culture and Quantification of Stem Cell Function
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Introduction: We developed a 3D optically accessible culture system (Nichoid) for in vitro stem cell expansion 1. The design emulates the
mechanical constraints to which stem cells are subjected inside the native niche, thus promoting stemness maintenance2,3. Our hypothesis is
that the Nichoid, affects the nuclear envelope permeability to transcription factors —and therefore the cell fate— remodeling the nuclear shape.
To validate our hypothesis, in this work we studied the diffusion kinetics of a permeable fluorescent dye, Hoechst33342, in cell nuclei with
different morphology induced by the substrate.
Materials and methods: The microfabrication process is based on two-photon laser polymerization of a photosensitive resin, SZ2080,
deposited by drop-casting on different glass surfaces. Mesenchymal stem cells were seeded on the Nichoids and their nuclei were stained with
the fluorescent dye Hoechst33342. Z-stack and time-lapse images were acquired by confocal microscopy.
Results and Conclusions: The Nichoid affects the stem cell morphology inducing a nuclear roundish configuration in cells adhered into the 3D
structure1. Nuclear fluorescence intensity of MSC seeded on the Nichoid were measured in time and space to evaluate the cell capability to
upload the Hoecst33342 dye. To remove imaging artifacts, due to the thickness of our sample, different geometries and configuration of the
Nichoid, were tested without any improvement. Therefore, the nuclear fluorescence intensity measures were compensated through a
calibration by using the scaffold auto-fluorescence emission. Results suggest that the nuclear shape could affect the nuclear envelope
permeability and/or the DNA availability to the Hoecst33342 binding, which is related to the DNA packing.
Acknowledgment: Consolidator Grant NICHOID (ERC-2014-CoG No. 646990).
References:
1. Nava, M. M. et al. Stem Cell Research and Therapy. 7, 1–12 (2016).
2. Raimondi, M. T. et al. T. Journal Applied Biomaterials & Biomechanics 10, 0–0 (2012).
3. Raimondi, M. T. et al. Acta Biomaterialia 9, 4579–4584 (2013).
4. Ricci, D. et al. Materials (Basel). 10, (2017).

a92036

02-P129

Noninvasive monitoring of mesenchymal stem cell viability labeled with indocyanine green using photoacoustic
imaging

Jin Myoung Yoo1,2，Chulhee Yun1,2，Eun-Yeong Park4，Nhat Quang Bui1,2，Yong Wook Lee1,3，Sang-Hyug Park1,2，Won-Kyo Jung1,2，Hyun Wook Kang1,2，
Junghwan Oh1,2，Chulhong Kim4，Seung Yun Nam1,2
1
Interdisciplinary Program of Marine-Bio, Electrical & Mechanical Engineering, Pukyong National University, Busan, South Korea，2Department of Biomedical Engineering, Pukyong National
University, Busan, South Korea，3School of Electrical Engineering, Pukyong National University, Busan, South Korea，4Department of Creative IT Engineering and the Department of Electrical
Engineering, Pohang University of Science and Technology, Pohang, South Korea

Stem cell therapy has a huge potential to enhance the recovery of damaged tissues and organs. However, it has been reported that the
majority of implanted stem cells cannot survive after implantation, which limits the therapeutic efficiency. Therefore, noninvasive monitoring of
stem cell viability can be an essential tool to estimate efficacy of stem cell therapy. In this study, clinically applicable indocyanine green (ICG)
was used to label mesenchymal stem cells (MSCs) for photoacoustic monitoring of the stem cell viability. The concentration of ICG for the cell
labeling was optimized based on the assessment of optical absorbance and cell viability changes. To verify diffusion of ICG from nonviable cells
to background over time, live cell fluorescence imaging was performed with the labeled MSCs in deprived serum and low oxygen conditions.
The obtained fluorescence images showed that ICG concentration in the MSCs was significantly decreased after cell death. The photoacoustic
signals were obtained before and after the cell death caused by low oxygen and serum deprivation. The acquired photoacoustic signal
amplitudes were agreed with the change of stem cell viability. The experimental results indicate that photoacoustic imaging of the MSCs
labeled with ICG can be a useful alternative to noninvasively monitor the stem cell viability during the therapeutic procedure.
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Variations in material surface chemistry and micro-structure have been shown to have a significant effect on the behaviour and fate of cultured
human mesenchymal stromal cells (hMSCs). This occurs as differences in the culture surface indirectly modulate pathways within numerous
signalling networks that control cell fate. To better understand how surface structure and chemistry affect hMSCs gene expression, we
performed RNA-sequencing analysis of normal human bone marrow-derived MSCs following culture on tissue culture treated polystyrene (TCP)
and poly(L-lactide) (PLLA) based substrates of differing topography (Fl - flat and Fs - fibrous) and with differing chemistry (Pr - pristine and Am aminated). Whilst 80% of gene expression remained similar for cells cultured on the different test substrates, analysis of the differentially
expressed genes (DEGs) revealed that surface topography significantly altered gene expression than surface chemistry. The Fl and Fs
topologies introduced opposite directional alternations in gene expression when compared to TCP control. In addition, the effect of chemical
treatment interacted with that of topography in a synergistic manner with the Pr samples promoting more DEGs than Am samples in all gene
ontology function groups. Various recognized biomarkers for identifying hMSCs were found to be sensitive to culture surface conditions. These
findings not only highlight the significance of the culture surface on regulating the overall gene expression profile but also provide novel insights
into cell – material interactions. Such an understanding is essential for designing next-generation biomaterials to better control hMSCs fate
during expansion and differentiation.
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The effects of mechanical stimuli to which cells are exposed in vivo are, at best, incompletely understood; in this respect, gene-level
information regarding cell functions which are pertinent to new tissue formation is of special interest and importance in applications such as
tissue engineering and tissue regeneration. Motivated by this need, the present study investigated the early responses of human mesenchymal
stem cells (hMSCs) to intermittent shear stress (ISS) and to cyclic hydrostatic pressure (CHP) simulating some aspects of the biological milieu in
which these cells exist in vivo. Production of nitric oxide (NO) and mRNA expression of several known mechanosensitive genes as well as
ERK1/2 activation in the hMSC response to the two mechanical stimuli tested were monitored and compared. NO production depended on the
type of the mechanical stimulus to which the hMSCs were exposed and was significantly higher after exposure to ISS than to CHP. At the
conditions of NO peak release ((i.e., at 0.7 Pa for ISS and 50,000 Pa for CHP), ISS was more effective than CHP in up-regulating
mechanosensitive genes. ERK1/2 was activated by ISS but not by CHP. The present study is the first to report that PGTS2, IER3, EGR1, IGF1,
IGFBP1, ITGB1, VEGFA and FGF2 are involved in the response of hMSCs to ISS. These findings establish that, of the two mechanical stimuli
tested, ISS is more effective than CHP in triggering expression of genes from hMSCs which are bioactive and pertinent to several cell functions
(such as cell differentiation and release of specific growth factors and cytokines) and also to tissue-related processes such as wound healing.
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Using Mechanical Stretch Methodologies to Investigate the Circadian Clock and Differentiation Potential of
Human Adult Progenitor Cells
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Precisely defining and controlling the fabrication of cell/tissue constructs so that they are successfully accepted and integrated is essential in
tissue engineering. Adult progenitor cells are the current first choice, but there are many aspects of their environment that are not understood.
Evidence suggests that circadian rhythms and daily circadian cues effect progenitor cell activation, cell cycle and differentiation. The circadian
rhythm in human adult progenitor cells differs depending on the source of tissue, and different entraining signals exert differential effects
depending on the anatomical source. Rhythmic mechanical stretch, along with other entraining methodologies, were utilised to synchronise
progenitor cells derived from bone marrow, tooth dental pulp and abdominal subcutaneous adipose tissue, and it was experimentally
evidenced that these different progenitor cells differ in response to different synchronisation mechanisms1. The more primitive DPSCs do not
respond as well to the chemical synchronisation but show clock gene oscillations following rhythmic mechanical stretch, offering a novel nonintrusive mechanism of synchronisation.
Furthermore, we investigated how different progenitor cells respond to different protein coatings, to see how the substrate effects both
circadian and differentiation marker genes expression. Different extracellular matrix protein coats, including collagen type I, fibronectin and
albumin at different concentrations, were compared in how they affect cellular adhesion, viability, circadian rhythm, differentiation and
response to mechanical stretch. Clear differences can be seen between the progenitor cell types, but also correlations can be observed in the
resulting changes in gene expression. For example, we observed that there may be relationships between the clock genes Bmal1 and Rev-erb
α and differentiation markers osteocalcin and Sox9, as both are up- and down-regulated upon certain substrates and when subjected to
stretch or not. The pathways that underpin these exciting potential relationships have been investigated with gene expression manipulation,
and it has been found that circadian components may have direct interactions with several differentiation markers, suggesting that the
differentiation process may be influenced by circadian factors.
1. Rogers EH et al. Comparing Circadian Dynamics in Primary Derived Stem Cells from Different Sources of Human Adult Tissue. Stem Cells
International, 2017.
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Novel xeno-free medium for expansion of human mesenchymal stem cells
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Human mesenchymal stem cells (hMSCs) are an attractive candidate for cell therapy due to their multi-potential differentiation activities into
each cell type or immunomodulatory properties. hMSCs are isolated as a source for clinical use from bone marrow, adipose tissue, peripheral
blood or umbilical cord blood. Because the prevalence of primary hMSC in these tissues is very low, it is difficult to obtain the required cell
number for cell therapy. Thus for therapeutic applications, isolated hMSCs need to be effectively expanded ex vivo without loss of their
activities.
hMSCs can be expanded in fetal bovine serum (FBS) supplemented media. However, because of disadvantages of FBS, such as lot-to-lot
variability and risk of microbiological contamination, medium for clinical use should be at least xeno-free formulation. Although many medium
for culturing hMSCs in xeno-free or serum-free condition are currently proposed, further improvements in their cell-expansion capacity or the
maintenance of multipotential differentiation activities have been needed.
We have newly developed xeno-free medium for hMSCs, having especially robust cell-expansion capacity. Both bone-marrow and adipose
derived hMSCs expansion using new medium were several-fold higher than those using conventional other medium (commercially available).
Furthermore, new medium could be used even in the extracellular matrix coating-free condition.
After several passages, we confirmed cell surface markers of hMSCs such as CD73, CD90 and CD105 by flow cytometry and colony-forming
unit-fibroblast (CFU-F) capacity of the expanded cells. The cells expanded by our new medium, with or without pre-coating of culture vessels,
were shown to be almost 100% of CD73, CD90 and CD105 positive population but a little decrease of CD105 expression was observed in the
cells cultured by other medium. Since CFU-F capacity was almost equal among tested medium, total number of colony-forming cells in our new
medium was several-fold larger than those in other medium. We have also confirmed their multi-potential differentiation activities into
adipocytes, chondrocytes and osteocytes after expansion by our new medium.
Overall, it is considered that our newly developed xeno-free medium have desired properties to expand hMSCs for therapeutic application.
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Comprehensive gene expression analysis of human mesenchymal stem cells cultured on the micro elastically
triangle patterned gel matrix
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Recently it was revealed that the mechanical field of the culture environment of human mesenchymal stem cells (hMSC) contributes to the
determination of differentiation lineage. We are developing a culture substrate that controls the differentiation direction or the maintaining
undifferentiated state of hMSC, by approaching to eliminate the accumulative history of mechanosignal input from stiff and soft regions in the
process of cell migration. In this study, the micro elastically triangle patterned gel matrix was prepared, which can induce simultaneously
forward and reverse durotaxis[1] across the elasticity boundaries. After culture on the gels, the gene expression pattern of hMSC was
characterized.The micro elastically triangle pattern gel matrices were prepared by the following method; a sol solution containing 30 wt%
aqueous solution of photo-cross-linkable gelatin with sulfonyl camphorquinone was put between glasses, then a stiff / soft patterns was
fabricated by irradiating bright domains of equilateral triangle with a 150-μm side and 120-μm intervals of apex using a reduced projection
maskless photolithography. hMSCs were cultured on the soft gel (3kPa), the stiff gel (30kPa) or the elastically-patterned gel with the stiff
triangle and the soft surroundings (PG), respectively, for 4 days, then DNA microarray experiments were performed.
On PG, it was confirmed that the period during which hMSCs grow on the stiff and the soft region was almost the same, which indicated
induction of cell migration among different regions of elasticity at random. By culturing hMSC on the PG, the gene expressions of APC, IGF2BP3,
PIK3CA, and DUSP6 were significantly increased. APC, WNT signaling pathway regulator which plays a critical role in several processes.
IGF2BP3 is involved in mRNA transport and regulation of cytokine biosynthetic process. PIK3CA is subunit of PI3K enzyme and PI3K signaling is
important for many cell activities, including cell growth and proliferation, migration of cells, transport of materials within cells, and cell survival.
DUSP6 regulates members of the MAP kinase super family, which are associated with cellular proliferation and differentiation. Increased
expression of the above four genes may contribute to an increase in cell miglation of hMSC cultured on PG.
References: [1] Ueki and Kidoaki, Biomaterials, 41, 45-52, 2015
Acknowledgments: This research was supported by AMED-CREST under Grant Number JP17gm0810002.
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Comparative Study of xeno and xeno-free culture condition on human MSC & iPSC
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Xenogenic materials , such as mouse embryonic fibroblast(MEF)s, FBS used in stem celll culture cause transmission of microbial contaminants
as well as immune rejection by high contents of xenogenic proteins. Therefore, the culture condition using xenogenic materials bring about
safety iissues during clinical trials or development of cell therapeutics. To minimize these safety issues, many xeno- free media have been
developed. However, some papers have been reported that xeno-free condition may occurs genomic instability. In order to apply xeno-free
media, quality evaluation of stem cell must be performed. In the present study, we established xeno-free culture method using BM-MSCs and
iPSCs and analyzed characteristics of stem cell with different culture conditions. In case of MSC, after establishing xeno-free culture condition,
we analyzed genetic instability using karyotyping. MSC showed normal karyotyping. Next we tested cell proliferation ability. The proliferation in
xeno-free condition was better than FBS-based culture condition and we observed cell cycle difference. Next, we tested differentiation ability to
chondrocyte, adipocyte etc. In case of iPSC, we established xeno-free culture condition with no MEFs. First of all, we carried out AP stainig and
immunocytochemistry. As a result, we found self-renewal ability and undifferentiatd status of iPSCs. And iPSC showed nornal karyotype. Finally,
differentiation of embryo body was performed to figure out whether the xeno-free condition affect to differentiation ability or not. iPSCs on
xeno-free condition showed normal embryoid body formation. To elucidate the differentiation potential of iPSCs, we analyzed espression level
of defferentiation marker using RT-PCR and immunostaing. We did nor observed any difference with mRNA abnd proteins expression of
ectoderm, mesodern, endoderm markers. In this study, we performed xeno-free based stem cell characterization and suggested considerations
for quality evaluation.

359

a92356

02-P136

Characterization of Rabbit Mesenchymal Stem Cells Cultured on Disc-Type Microcarriers
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A novel type of microcarriers were manufactured by microfluidic 3D printing with photo-polymer in disc-shape, which enabled 2 dimensional
observation in the same method applied to conventional 2D culture. To confirm the usefulness of those microcarriers in in vitro expansion of
adherent stem cells, rabbit bone marrow stromal cells (BMSCs) were cultured on disc-shape microcarriers and their characteristics were
examined. On the contrary to conventional microcarriers in sphere shape, rabbit BMSCs expanded on disc-shape microcarriers were not
detached from the surface for further examination on cell characteristics, but were subjected to differentiation induction into adipogenesis,
chondrogenesis, and osteogenesis lineages as it is. After the in vitro differentiation, the microcarriers were subjected to on-bead staining for oil
red O, toluidine blue, and alizarin red staining to visualize lipid droplets, cartilaginous matrix formation, and calcium-rich matrix formation,
respectively. Compared with the cells in 2D culture, the cells cultured on disc-shaped microcarriers showed no change in their differentiation
potential. Stemness of the cells cultured on dish-shaped microcarriers were confirmed by surface marker expression – positivity for CD90 and
Stro-1, and negativity for CD11b and CD34. Expression of PCNA, a cell proliferation marker, was also positive in the cells cultured on discshaped microcarriers and there were no significant difference compared with the cells cultured on 2D plastic surface. These results indicate
that the disc-shaped microcarriers provide easy monitoring on any level of analysis and can be utilized for in vitro expansion of adherent stem
cells in 3D culture platform without losing stem cell characteristics
Acknowledgments:
This research was supported by National Research Foundation of Korea (NRF-2015R1D1A1A01059702 and NRF-2015R1A2A2A04006172).
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Background: Platelet-rich plasma (PRP) is an autologous blood product that contains a high concentration of several growth factors. Plateletderived growth factor (PDGF)-BB is a potential mitogen for human adipose-derived stem cells (hASCs). PRP stimulates proliferation of hASCs,
however, the signaling pathways activated by PRP remain unclear.
Materials and Methods: hASCs were cultured with or without PRP or PDGF-BB, and proliferation was assessed. hASCs were also treated with
PRP or PDGF-BB with or without imatinib, which is a PDGF receptor tyrosine kinase inhibitor, or sorafenib, which is a multi-kinase inhibitor.
Inhibition of cell proliferation was examined using anti-PDGF antibody (Abcam, Cambridge, UK), by cell counting. We assessed the effects of
inhibitors of various protein kinases such as ERK1/2, JNK, p38, and Akt on the proliferation of hASCs.
Results: The proliferation was remarkably promoted in cells treated with either 1% PRP or 10 ng/ml PDGF-BB, and both imatinib and sorafenib
inhibited this proliferation. Anti-PDGF antibody (0.5 and 2 μg/ml) significantly decreased the proliferation of hASCs compared with control.
PRP-mediated hASC proliferation was blocked by inhibitors of ERK1/2, Akt, and JNK, but not by an inhibitor of p38.
Conclusion: PRP promotes hASC proliferation, and PDGF-BB in PRP plays a major role in inducing the proliferation of hASCs. PRP promotes
hASC proliferation via ERK1/2, PI3K/Akt, and JNK signaling pathways.
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A Novel Type of Microcarriers Manufactured by Microfluidic 3D Printing for In Vitro Expansion of Adherent Stem
Cells in 3D Platform
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Scale-up manufacturing of adherent stem cells need surface for cell attachment to avoid anoikis, a type of cell death caused by attachmentdeprived state. To maximize the cell yield per unit volume, 3D stem cell culture platform was developed changing the dimension of in vitro
expansion scale and efficiency of handling process. Among the various type of 3D culture platforms, polystyrene microspheres with spinner
flask are widely used for in vitro expansion of adherent stem cells. However, the plastic microcarriers in its sphere form are not easy to monitor
the cell culture state disabling from intuitive monitoring of culture state and use of 2D observation devices. To make the monitoring simple in
3D culture platform, a novel type of disc-shape microcarriers were manufactured by microfluidic 3D printing with photo-polymer. The
transparent disc-shape microcarriers allowed the in vitro expansion of adherent stem cells in 3D platform, and the cells seeded onto the discshape microcarriers could simply be subjected to observation with inverted microscope and confocal microscope without passage nor
additional treatment step. Investigating the characteristics of cultured cells were simple and easy. Disc-type microcarriers with the cells
attached on surface were directly subjected to in vitro differentiation injection without passage, and then subjected to on-bead staining for oil
red O, toluidine blue, and alizarin red staining to visualize lipid droplets, cartilaginous matrix formation, and calcium-rich matrix formation,
respectively. The cells cultured on disc-shape microcarriers were compared with the cells cultured in 2D platform, and there were no
significant difference in their differentiation potentials and surface marker expression. Disc-shape microcarriers can be manufactured in desired
size with narrow tolerance in the size error. Use of the disc-shape microcarriers minimized the amount of cell consumption for characterization,
made the process simple and easy on any level of monitoring, and could be utilized in 3D culture platform without any change in the stem cell
characteristics.
References：
1. Song SH, Kim K, Choi SE, Han S, Lee HS, Kwon S, Park W. Fine-tuned grayscale optofluidic maskless lithography for three-dimensional
freeform shape microstructure fabrication. Optics Lett 29, 5162, 2014
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Three dimensional stem cell culture changed the dimension of in vitro expansion scale of adherent stem cells and efficiency of handling
process. There are various type of 3D culture bioreactors and microcarriers for adherent stem cells. Among these, polystyrene microspheres
are commonly used for in vitro expansion of adherent stem cells such as MSCs. Although the use of microcarriers enable 3D expansion culture,
their spherical shape disable from intuitive monitoring of culture state and use of conventional 2D monitoring device. To make it simple to
monitor the cells in culture on microcarriers, transparent plastic microparticles in disc shape were manufactured by microfluidic 3D printing
with photo-polymer. Attachment of cells were facilitated by surface modification. The produced disc-shape microcarriers showed cell seeding
efficiency comparable to conventional 2D culture surface and were transparent enough to observe the attached cells. Rabbit BMSCs-seeded
disc-shape microcarriers were observed with inverted microscope without staining indicating the possibility of utilizing 2D monitoring device.
GFP(+) BMSCs on disc-shape microcarriers were also clearly observed with confocal microscope without additional step. Analysis of cell
characteristics by on-bead staining was simple and easy. Use of the disc-shape microcarrier minimized the amount of cell consumption
because each microcarrier can be subjected to each different analysis and observation.
References：
1. Song SH, Kim K, Choi SE, Han S, Lee HS, Kwon S, Park W. Fine-tuned grayscale optofluidic maskless lithography for three-dimensional
freeform shape microstructure fabrication. Optics Lett 29, 5162, 2014
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The next generation of large scale MSC culture using 3D fabrics
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Mesenchymal stem cell is a reliable cell source for clinical regenerative therapy. Many diseases require to be recieved more than 10^8 cells for
a treatment, but it is not easy to get the number of MSCs. Futhermore, some of disease need to get serial injections for maintanace. Because of
these aims, we tried to establish a safe, easy, compact and low-cost culture method that could reached 10^8 cells with pure PET fabrics, and
made the device and kit for single use. Since 10 years ago, the method using fabrics is used to produce bio-medical drugs, such as vaccine and
antibody, and it's also well known that the cultured cells in fabric are difficult to recover in any kind of cells. To apply the method for stem cell
therapy, we succeeded to culture and recover MSCs from fabrics efficienty. Here we demonstrate the result and analysis of the cultured cells.
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Fetal bovine serum (FBS) is a common component of culture media and usually used for cellular research, as well as recent cell-based medical
products. However, due to the high risk of contaminations and the variation from batch to batch, FBS might influence the outcome of research
or cellular manufacturing. FBS also contains moral concerns because it harvested from bovine fetuses taken from pregnant cows. In addition,
FBS is most expensive part of cell culture. To overcome these problems, we developed a new serum, adult bovine platelet-rich plasma (PRP)derived serum “NeoSERA” .Using apheresis medical devices with closed disposable kits, sterile bovine serum NeoSERA is collected from healthy
bovine receiving a regular veterinary check. After stimulation and removal of coagulated fibrin by centrifugation, NeoSERA is collected in a
completely closed system. To meet the scope of directives that apply to produce medicinal products from the European Agency for the
Evaluation of Medicinal Products (EMEA/CVMP/743/00) and the United States Department of Agriculture (9CFR§113.420), NeoSERA is finally
gamma-irradiated at a dose of more than 30 kGy. Similar to blood donation, NeoSERA can repeatedly obtain from one adult bovine without
sacrifice, indicating less moral problem and lot-to-lot variation. To test whether NeoSERA is useful for the expansion of mesenchymal stem cells
(MSCs), a cell culture experiment was performed. 3 to 5 days after NeoSERA treatment, the proliferation of human bone marrow-, adipose
tissue-, umbilical cord- and amnion-derived MSCs was significantly increased (p < 0.05) compared to FBS. Our results confirm that safe, less
ethial and powerful adult bovine serum NeoSERA profoundly enhances MSC proliferation.
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Generation of Myogenic Cell Sheet Fragments from Human Mesenchymal Stem Cells using Thermosensitive,
Stretchable, and Piezoelectric Substrate for Skeletal Muscle Regeneration
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Human umbilical cord blood mesenchymal stem cells (hUCBMSCs) can differentiate into myocytes. In a native muscle microenvironment,
electrical and mechanical stimuli exist in the form of action potentials and muscle contraction. Here we created a cell culture system that
imitates the in vivo microenvironment and provide both stimuli to cultured hUCBMSCs. We tested whether the stimulation promotes myogenic
differentiation of hUCBMSCs. By using polydimethylsiloxane spin-coating on aligned ZnO nanorod layer and subsequent poly(Nisopropylacrylamide) grafting on the polydimethylsiloxane surface, we produced a thermosensitive, stretchable, and piezoelectric substrate
(TSPS). Periodic mechanoelectrical signals were applied to hUCBMSCs cultured on the TSPS by subjecting the TSPS to cyclic stretching and
bending, resulting in intracellular signal transduction related to the differentiation and significant promotion of myogenic differentiation of
hUCBMSCs. After differentiation ex vivo, the cells were detached in the form of cell sheet fragments and injected into injured skeletal muscle of
mice, which resulted in improved cell retention and muscle regeneration as compared to injection of either undifferentiated cells or
differentiated dissociated cells. This system may serve as a tool for research on the electrical and mechanical regulation of stem cells and may
be used to potentiate stem cell therapies.
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Cryopreservation is used for long-term preservation of biological materials containing cells. Two primary techniques of cryopreservation are
slow freezing and vitrification, in which water transition directly to the glassy state without crystallization. Slow freezing methods, which utilize
10% dimethyl sulfoxide (DMSO) as a cryoprotectant, are effective for numerous cell lines. However, the method is not acceptable for the
effective cryopreservation of large volume cell such as oocyte or 2D or 3D cell constructs.Vitrification methods have been developed with the
advent of preservation techniques for oocytes and embryos, primarily in the field of reproductive medicine.The key points of the success of
vitrification are related to avoid crystallization during cooling and ice recrystallization during thawing. In this study, we reported the
development of one of polyampholytes, carboxylated poly-L-lysin (COOH-PLL) as a more effective ice crystallization inhibitor and utilize it for
slow vitrification technique for the effective cryopreservation of tissue engineered-constructs.
We reported addition of COOH-PLL into a vitrification solution (VS) based on ethylene glycol (EG) and sucrose enhanced the viability after
thawing due to inhibitory effect of ice recrystallization. Human mesenchymal stem cells (MSCs) sheet cultured in the dish were vitrified with
various VS with controlling cooling rate and were warmed on the same day by gently addition of the pre-warmed medium and the cell viability
was evaluated by Live/Dead assay kit.
The crystallization behaviour of VS was affected by EG concentration. The stability of glassy state increases in higher EG concentration but
toxicity also increases. COOH-PLL addition enhanced inhibition of crystallization and re-crystallization of VS. And moreover, from the result of
thermal analysis, hydrophobic COOH-PLL (DMGA-PLL) much enhanced the glassy state of VS even at the slow cooling rate of 5 degree/min.
From the live/dead assay results of thawed MSC sheets after vitrification with DMGA-PLL through 5 degree/min of cooling rate, hydrophobically
modified COOH-PLL addition was very effective on the vitrification with slow cooling rate.It was shown that hydrophobically modification of
COOH-PLL improved effectively the vitrification properties of current vitrification system due to its inhibition of recrystallization property. From
our results, tissue constructs can be cryopreserved in glassy state at slow cooling rate.
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Stromal Cells Act as Guardians for Endothelial Progenitor Cells in Inflammatory Microenvironments  
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Vascularization of injured tissues could benefit from synergistic actions of Endothelial Colony Forming Cells (ECFC) and Mesenchymal Stromal
Cells (MSC). However, restricted availability of autologous cell sources and immunogenicity of allogeneic endothelial cells limit so far their
therapeutic application. We hypothesized that co-application of immune modulatory MSC could protect allogeneic ECFC against rejection and
ensures long-term and stable vascularization.
Matrigel grafts with either ECFC or a combination of ECFC with MSC were subcutaneously implanted into immunodeficient NOD.CgPrkdcSCIDIL2rgtm1Wjl/SzJ mice, reconstituted with Human Leukocyte Antigen (HLA)-mismatched human peripheral blood mononuclear cells
(PBMC) and analyzed for immune cell engraftment (blood, spleen) by flow cytometry, and for graft infiltration and vessel formation by
immunofluorescence staining and histology. ECFC and MSC from the same human umbilical cord were analyzed in vitro regarding changes of
their HLA molecule expression level in IFN γ -treated co-cultures and their potential to induce immune cell proliferation was measured by flow
cytometry.
In contrast to IFN γ -treated monocultures, co-cultures with ECFC and MSC significantly reduced HLA-molecule expression, in particular HLADR. After a seven-day-culture with human PBMC, the ECFC-induced T cell proliferation (CD4+ and CD8+ cells) was significantly reduced in cocultures with MSC, but only partially reversible by the Indolamin-2,3-Dioxygenase inhibitor 1-Methyltryptophan, indicating a contribution of the
HLA-DR down-regulation to the detected immunosuppression. Interestingly, the presence of MSC during both, the IFN γ stimulation and the T
cell effector phase was necessary for the observed protective effects to occur. In vivo improved and stable vessel formation was observed in
grafts containing ECFC and MSC confirmed by specific staining with human CD31 and alpha smooth muscle cell actin. Interestingly, HLA-DR
expression on CD31+ endothelial cells was diminished after co-application. Moreover, grafts containing both cell types showed reduced
infiltration of human leukocytes and CD4+ T cells close to human vascular structures.
Our data show, that crosstalk between umbilical cord-derived ECFC and MSC in an inflammatory microenvironment can lower the risk of ECFC
rejection, thus enabling their application for therapeutic vasculogenesis.
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Introduction:
Infertility due to conditions such as Asherman’s Syndrome or thin, unresponsive endometrium represent a significant clinical problem. Little is
understood regarding the mechanisms or role of the stroma in the pathogenesis of these clinical indications. The aim of this study was to
isolate and characterise endometrial stromal cells for the development of a translational, clinical grade product for cell therapy suitable for the
treatment of Asherman’s Syndrome or unresponsive endometrial disorders.
Methods:
Endometrial biopsies (n=6) were taken from healthy, fertile women during the proliferative phase of the menstrual cycle (day 7-9) and stromal
cells were isolated by enzymatic digestion. Cells were expanded under xeno-free conditions for multiple passages to assess both colony
forming potential (CFU-F) and proliferative capacity. Expanded cells were assessed for cell surface expression of the mesenchymal stromal cell
(MSC) markers CD90, CD105, CD73, CD29, human leukocyte antigen (HLA) I, HLA II and for the haematopoietic and endothelial markers CD34
and CD45. Multipotency was determined by differentiation down adipocyte and osteoblast lineages. Expanded cells (passage 3) were
evaluated for chromosomal stability by karyotyping and tumorigenic potential using the soft agar colony forming assay. Cells were co-cultured
with allogeneic lymphocytes (+/- activation with anti-CD2/CD3/CD28 microbeads) to assess immunoreactivity and immunomodulation
respectively.
Results and Conclusion: Stromal cells were reliable isolated and expanded in vitro under xeno-free, clinical protocols. Cells were uniformly
positive for MSC markers and demonstrated no expression of HLA II or haematopoietic or endothelial markers. Expanded cells demonstrated
an MSC like phenotype, with CFU-F formation and multipotency down both adipocyte and osteoblast lineages. Importantly expanded cells
demonstrated no in vitro tumorigenic potential or alloreactivity. Our continuing work focusses on further evaluating the potential for these cells
in the development of a local cell therapy application in the treatment of unresponsive endometrium.
Acknowledgements:
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Neural crest stem cells: a novel source of cell therapy for neonatal hypoxic-ischemic brain damage  
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Hypoxic-ischemic brain damage (HIBD) is one of the most serious birth complications happening in neonatal and infants. MSC-based therapy
has been emerging as a promising strategy in the treatment of HIBD in recent years. However, despite enormous potential, the clinical
application of MSCs is limited by several scientific hurdles, such as poor homing ability and rare neuronal differentiation in vivo. Therefore, a
new source of MSCs with improved biological behavior is urgently needed for the ultimate application of MSC therapy for HIBD. In this study,
we exploit the human neural crest derived-MSCs (hNCSC-MSCs) in the neonatal HIBD rats. Our results showed that hNCSC-MSCs exhibited a
much enhanced anti-inflammatory effects compared to human umbilical cord-derived MSCs (hUC-MSCs). The expression levels of glial markers
such as GFAP and Vimentin, as well as the microglial marker IBA-1 were dramatically decreased in hNCSC-MSC-treated animals compared to
PBS- or hUC-MSC-treated animals. In addition, hNCSC-MSCs promoted endogenous neurogenesis more than hUC-MSCs did, as the expression
levels of Nestin, Sox-2 and NeuN were dramatically increased in the hNCSC-MSC-treated brains 10 days after treatment. More importantly,
hNCSC-MSCs had a better function on alleviating the brain damage as demonstrated by much decreased apoptosis and reduced lesion size
compared to hUC-MSCs. To further identify the potential mechanism underlying the therapeutic effects of hNCSC-MSCs, the gene expression
profile of established hNCSC-MSCs was compared to bone marrow-MSCs (hBM-MSCs) and hUC-MSCs. At molecular level, hNCSC-MSCs
clustered more closely with hUC-MSCs than hBM-MSCs, indicating that hNCSC-MSCs represent a more primitive stage compared to hBM-MSCs.
Gene ontology analysis revealed that genes associated with growth factors, proliferation, and immune modulation were differentially expressed
between hNCSC-MSCs and hUC-MSCs. In particular, transcripts most highly enriched in hNCSC-MSCs included imperative genes and growth
factors that were involved in neurotrophic support for neural development or neurogenesis, and genes that were implicated in immune
modulation and inflammation regulation. These data suggest that hNCSC-MSCs exhibit a distinctive paracrine effect compared to MSCs derived
from adult tissues. The secretome from hNCSC-MSCs may function as a modulator of the neurogenic niche via its anti-inflammatory and
neurogenesis promoting effects, thus ideal for HIBD treatment.
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Context
Pelvic Organ Prolapse (POP) is a clinical burden affecting 25% of women. We are developing a novel tissue engineering approach to
regenerate vaginal tissue damaged by childbirth injury. Our pre-clinical model to assess this construct are ewes with POP.
Objective
To determine if autologous ovine endometrial MSC (eMSC) improve the biocompatibility of polyamide/gelatin mesh (PA/G) implanted into the
posterior vaginal wall of parous ewes with vaginal wall weakness. We hypothesise that eMSC switch pro-inflammatory M1 macrophages to a
wound healing M2 phenotype, regenerate the extracellular matrix (ECM) and improve the biomechanical properties of vaginal tissue.
Methods:
eMSC were isolated from hysterectomy tissue by FACS as CD271+/CD49f- cells, cultured and labelled with 1ug/10 6 cells FITC-Iodexparamagnetic nanoparticles and seeded onto PA/G mesh. Parous BLM ewes (n=38) with objectively measured vaginal wall weakness were
divided into 3 groups: incision control (n=6), PA/G mesh (n=7) and autologous eMSC seeded onto PA/G (n=6). Tissue was harvested at 7 and
30 days. Immunohistochemistry was used to quantify M1 (CD86) and M2 (CD163, C206) macrophages around mesh filaments. Smooth muscle
was quantified in Mason Trichrome-stained tissue, elastin and collagen by biochemical assays. Multiaxial biomechanical properties were tested
by ball burst test.
Results:
FITC-labelled eMSC were detected in vaginal tissue at 7 and 30 days. Similar quantities of M1 and M2 macrophages, ECM and smooth muscle
were found in PA/G and eMSC/PA/G groups, and the M1 and M2 macrophage response was significantly greater than the incision control.
Greater disruption of the smooth muscle was observed in the vaginal wall in PA/G and eMSC/PA/G explants compared to the incision control.
Mesh folding occurred and 23% of day 7 and 38% of Day 30 mesh explants eroded into the vaginal cavity. Biomechanical testing showed no
significant difference between groups.
Conclusion:
Implanted autologous eMSC persisted in vaginal tissue for 30 days, however transvaginal insertion of PA/G and eMSC/PA/G mesh had a
disruptive effect on vaginal wall integrity which may have masked any beneficial effect of eMSC on macrophage polarisation. It may be too early
to detect biomechanical differences. Our data suggests that non-degradable biomaterials delivered by transvaginal surgery has significant
adverse effects in an ovine model of POP. Alternate degradable materials should be considered for treating POP.
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Preconditioned Human Gingival Mesenchymal Stromal Cells Improve Skin Engraftment and Wound Healing
Through Their Paracrine Activity
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Major burn injuries disrupt the normal wound healing process through excessive and long-lasting inflammation, delayed wound closure and
hypertrophic scarring. Since the 1980’s, the surgical treatment of traumatic burns relies on skin grafting, and more particularly Cultured
Epithelial Autografts (CEA). Although life-saving, these epithelial grafts have an unreliable take rate that highly limits their systematic use.
However, a consistent body of clinical observations is now correlating the lack of vascularization, the immaturity of the dermal-epidermal
junction and infections with the poor CEA engraftment prognosis. Well-known for their enhanced pro-angiogenic, pro-migratory, remodelling,
anti-inflammatory and anti-bacterial activity, Mesenchymal Stromal Cells (MSC) from the gingiva appear as good candidates to improve CEA
engraftment and burn wound healing. In particular, it was shown that pro-inflammatory preconditioning of MSCs could amplify their trophic
activities towards a reparative phenotype. In the present study, we preconditioned gingival MSCs with Interleukin-1β (IL-1β) and Substance P
(SP), two major inducers of inflammation in major burns. We further sought to determine whether these primed MSCs could have any
beneficial effect on wound healing and CEA engraftment by stimulating skin cell migration, angiogenesis, dermal epidermal junction protein
synthesis and resolution of inflammation. Thus, we developed a full-thickness skin excisional mouse model and a few in vitro assays to
investigate the aforementioned wound healing parameters. Our results showed that primed MSCs can induce the synthesis of dermalepidermal junction proteins such as Nidogen-1 and Laminin-γ2. Primed MSCs were also able to improve tubule formation of primary
endothelial progenitor cells and migration of primary keratinocytes under burn-like conditions. Interestingly, a few key secreted molecules (such
as TGF-β1) were shown to greatly contribute in MSC efficacy. Together, these results indicate that the MSC therapy holds great promises as a
novel treatment in the management of major burns.
Keywords: skin engraftment, tissue repair, mesenchymal stromal cells, gingiva, priming, burns.
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In-vitro analysis of the immunomodulatory potential of MSCs and the accompanying phenotypic T cell switch in
the context of differential immunogenicity evoked by hiPSC-derived cell types
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Before human induced pluripotent stem cells (hiPSCs) may be used as a widespread clinical therapy in regenerative medicine, their
immunogenic potential needs to be evaluated and potential immunomodulatory strategies explored.
Different iPSC-derived cell types have been shown to exhibit differential immunogenicity. To investigate this [differential immunogenicity], we
have successfully differentiated a number of different cell types from hiPSCs, including neural crest stem cells (NCSCs), smooth muscle cells
(SMCs) and dendritic cells (DCs). To correlate immunogenicity with gene expression patterns, the expression levels of immune-related genes
(e.g. CD24, GATA3, PROM1, THBS2, LY96, IFIT3, CXCR4, IL1R1, FGFR3, IDO1 and KDR) were compared among undifferentiated iPSCs, iPSCNCSCs, iPSC-SMCs and iPSC-DCs. Immune responses are measured in a one-way modified mixed lymphocyte reaction (MLR), which comprises
iPSC derivatives as stimulator cells, DCs as antigen-presenting cells and peripheral blood mononuclear cells (PBMCs) as responder cells. Levels
of T-cell proliferation of the responder cell population are used as read-out for immunogenicity. Mesenchymal stromal cells (MSCs) were
included in the one-way modified MLR, to investigate the immunomodulation potential of these cells. Here, we present the gene expression
data of hiPSCs and demonstrate that MSCs isolated from human bone marrow, as well as hiPSC-derived MSCs can reduce T-cell proliferation.
Consistent with other studies, our data suggest that MSCs exert their immunomodulatory effect, among other mechanisms, by inducing a
phenotype switch from conventional CD4+CD25- T cells (Tconv) to induced regulatory CD4+CD25+ T cells (iTreg). To further investigate this
mechanism, we are performing RNA-Seq to compare the transcriptome of Treg and Tconv cells with and without MSC co-culture.
Predicting whether distinct iPSC-derived cell populations have immunogenic potential and understanding the mechanism by which MSCs exert
immunosuppression, will pave the way for a safer and more effective use of iPSCs and MSCs in regenerative medicine.
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Therapeutic effects of autologous adipose derived regenerative cells for osteoarthritis in an experimental rabbit
model
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Introduction: Adipose-derived regenerative cells (ADRCs) have multilineage potential equivalent to bone marrow derived stem cells1. Although
a number of reports have been published regarding clinical applications of ADRCs2, the role of ADRCs in the treatment of osteoarthritis (OA) is
not clear. The aim of this study was to evaluate the therapeutic effect of autologous ADRCs in a rabbit OA model. Methods: OA was induced
by anterior cruciate ligament transection (ACLT). A total of 1 ×105 ADRCs isolated from rabbits were re-suspended in 4% rabbit serum albumin
(RSA) and administered by an intra-articular injection into knees after OA onset, 8 weeks after ACLT. Four percent RSA was injected as a
control group. Animals were sacrificed respectively at 16 weeks and 20 weeks after ACLT to compare macroscopically, histologically, and
immunohistochemically between ADRC and control group. In addition, the co-culture system was performed. The chondrocytes of rabbit OA
models were divided into co-culture and control group. Co-culture group was established between ADRCs in cell culture inserts and
chondrocytes in 12 well plates, and the control group was established only chondrocytes. After culture for 48 hours, cell viability of the
chondrocytes and the expression of the chondrocyte specific genes analyzed by Real time- PCR were compared between two groups. Results:
The macroscopic OA scores and histological scores in the ADRC group were lower than those of the control group at 16 and 20 weeks after
ACLT. Immunohistochemically, the ADRC groups showed higher expression of collagen type Ⅱ and lower expression of MMP13 than the
control group at 16 and 20 weeks after ACLT. The cell viability of chondrocytes in the co-culture group was higher than that in the control
group. The ADRC groups showed the higher expression of collagen2, aggrecan, and SOX9 and lower expression of MMP13 and ADAMTS5 than
the control group. Conclusion: In our study, OA progression was obviously milder in the ADRC-treated knees than in the control knees.
Furthermore, our data showed a significant increase of viability and the expression of anabolic factors and a decrease of the expression of
catabolic factors in co-culture with ADRCs. Our findings suggest that autologous ADRC transplantation should be used for OA treatment as an
alternative to the other mesenchymal stem cells. References: 1. De Ugarte DA. Cells Tissues Organs. 174, 101, 2003. 2. Feng Z. Nephrol Dial
Transplant. 25, 3874, 2010.
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Effects of Three-Dimensional Culture on Plasticity of Equine Adipose Mesenchymal Stem Cells

Jienny LEE，Jeong Su BYEON，Mi Jeong PARK，Da-Un JEONG，Na-Yeon GU，In-Soo CHO，Sang-Ho CHA
Animal and Plant Quarantine Agency, Gimcheon-si, Republic of Korea

Mesenchymal stem cells (MSCs) are useful candidates for tissue engineering and cell therapy fields. We conducted to optimize the culture
condition of equine adipose tissue-derived MSCs (eAD-MSCs) for the treatment of horse fractures. To investigate the enhancing properties of
three-dimensional (3D) culture systems in eAD-MSCs, we perfomed various sized spheroid formation and determined changes in gene
expression levels. Using the hanging drop method, spheroid formation was generated for 3 days. Quantitative real-time PCR was performed to
analyze gene expression. As results, pluripotent markers increased depending on spheroid size, production of PGE 2 increased in spheroid
formation when compared the monolayer culture condition and Ki-67 showed a remarkable increase in the spheroid formed with 1×105 cells/
drop as compared to the monolayer culture condition. VEGF, IL-6, IL-8 and IL-18, which are angiogenesis-inducing factors, significantly
increased in spheroid formation when compared monolayer culture condition. COX-2 and TGF-beta1 significantly increased in spheroid
formation when compared the monolayer culture condition. Collectively, spheroid formation of eAD-MSCs through the hanging drop method
increases the expression of angiogesis and bone morphogenesis-inducing factors in optimal culture conditions.
References
1. Schnabel LV. Therapeutic use of stem cells in horses: Which type, how, and when? Vet. J. 197, 570, 2013.
2. Volarevic V. Mesenchymal stem cell-derived factors: Immuno-modulatory effects and therapeutic potential. BioFactors. 10.1002/biof.1374,
2017
3. Gazdic M. Mesenchymal Stem Cells: A Friend or Foe in Immune-Mediated Diseases. Stem Cell Rev. 11, 280, 2015.

367

a90832

02-P152

Preventive effect of tonsil-derived mesenchymal stem cell on osteoradionecrosis
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BACKGROUND: The purpose of this study was to investigate the effects of tonsil-derived mesenchymal stem cells (MSCs) on
osteoradionecrosis (ORN) in a rat model.
METHOD: We generated a mandibular ORN rat model using a combination of 20-Gy single-dose irradiation and tooth extraction. Study groups
were negative control (tooth extraction only), ORN group (irradiation, tooth extraction), Matrigel-1 group (Matrigel; BD Biosciences, San Jose,
CA; irradiation, Matrigel application immediately after tooth extraction), tonsil-derived MSC-1 group (irradiation, tonsil-derived MSC application
immediately after tooth extraction), Matrigel-4 group (irradiation, Matrigel application 4 weeks after tooth extraction), and tonsil-derived MSC-4
group (irradiation, tonsil-derived MSC application 4 weeks after tooth extraction). We then investigated the effects of tonsil-derived MSCs on
the osseous healing of ORN through gross inspection, histological analysis, and micro-CT analysis at two different administration times.
RESULT: Bone mineral density was significantly lower in the ORN group than in the negative control group. The histologic results showed
complete regeneration of alveolar bone with normal bone structure and covered epithelium at the tooth extraction sites in the negative control
group; however, there was almost no new bone formation in the ORN group. The tonsil-derived MSC-1 group showed significantly higher bone
mineral density than did the ORN and tonsil-derived MSC-4 groups. In the tonsil-derived MSC-1 group, we observed complete regeneration of
the alveolar bone and covering epithelium.
CONCLUSION: A single 20-Gy dose of irradiation combined with tooth extraction successfully generated ORN in the rat model. The tonsilderived MSCs can be effective for bone regeneration in ORN, particularly when applied immediately after dentoalveolar trauma or surgery.
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Combining Nonviral Genetically-Engineered Stem Cells with 3D Bioprinted Scaffolds for Accelerating Wound
Healing
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Applying human mesenchymal stem cells (hMSCs) on wound healing and skin regeneration have received increasing attention in recent years.
hMSCs can secrete various growth factors such as vascular endothelial growth factor (VEGF) which could contribute to neovascular
regeneration[1]. However, low viability of the transplanted hMSCs in the inflammatory microenvironment has significantly limited their beneficial
effects on wound healing[2]. With the advance of recent 3D printing techniques, it is possible to design biomimicking scaffolds capable of
improving survival, proliferation and migration of the transplanted cells[3]. The aim of this study is to develop photocrosslinkable gelatin
methacrylate (GelMA)/glycol chitosan methacrylate (GCMA) 3D-bioprinted scaffolds incorporated with VEGF-expressing hMSCs (VEGFhMSCs) as
a novel stem cell-based dressing for wound healing. GelMA and GCMA were synthesized and characterized by 1H-NMR. Degree of
methacrylation of the GelMA and GCMA were 50.0 % and 40.1 % respectively. GelMA/GCMA hydrogels were fabricated by photo-crosslinking
at 405 nm for 3 minutes. Porosity of these hydrogels were characterized by scanning electron microscope (SEM). In accordance to SEM results,
the swelling ratios of hydrogels were inversely proportional to the content of GelMA/GCMA hydrogels. In parallet, we have developed a
magnetic polymer/iron oxide nanocomplex (PNT) as an efficient and non-toxic gene delivery tool for human stem cells. VEGFhMSCs were
successfully constructed by PNT-mediated VEGF gene delivery. Much higher VEGF expression level was detected from the hMSCs transfected
by PNT compared to Lipofectamine 2000 or polyethylenimine. Inter-talks between stem cells and material properties/composition of the
hydrogels were further studied. Higher degree of cell spreading and proliferation were observed from hydrogels containing more GelMA. VEGF
secreted from the 3D-encapsulated VEGFhMSCs could effectively enhance the proliferation of human umbilical vein endothelial cells (HUVECs) in
vitro. Furthermore, good biocompatibility of the 3D-bioprinted GelMA hydrogels was demonstrated on the preliminary in vivo subcutaneous
transplantation model.
1. Lee, D.E., et al., Stem cell research & therapy 7, 37, 2016.
2. Nuschke, A., Organogenesis 10, 29, 2014.
3. Li, J., et al., Journal of translational medicine 14, 271, 2016.
Ministry of Science and Technology of Taiwan (MOST 106-2119-M-007-017-) and National Tsing Hua University (106J00X9K6/106N522CE1)
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Characterization of mesenchymal stem cell-conditioned media derived from human bone marrow, adipose tissue
and Wharton´s jelly with the focus on spinal cord injury repair
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Mesenchymal stem cells (MSCs) secrete a broad spectrum of cytokines, chemokines and growth factors that accelerate regeneration in various
pathologies through paracrine-mediated effects. Therefore, using stem cell-derived secretomes represents an alternative cell-free therapy,
avoiding the disadvantages related to direct stem cell transplantation.In this study we derived MSC-conditioned media (CMs) from human bone
marrow (BM-MSCs), adipose tissue (AT-MSCs) and Wharton´s jelly MSCs (WJ-MSCs) and characterized their protein expression profiles and
immunomodulatory, anti-inflammatory, antiapoptotic, angiogenic, and neurotrophic potential, in response to different culture conditions.All
three MSC types produced constitutively E-selectin, MCP1, LIF, SCF, VEGF A and D, SDF1 and HGF, while the highest production of HGF and
the lowest production of VEGF A was found for WJ-MSCs.Normoxic and hypoxic culture conditions did not remarkably affect production of
monitored factors instead of production of ICAM1 in hypoxic cultures, which was higher in AT- and BM-MSCs than WJ-MSCs. After induction
with pro-inflammatory cytokines (IFN γ and TNFα), all MSC types produced pro-inflammatory cytokines IFN γ , IL6, and IL8, as well as antiinflammatory cytokines IL1RA, IL10 and IFNα. Moreover, stimulation with pro-inflammatory cytokines positively affected the production of
RANTES, IP10, bFGF, MCP1, ICAM1, VCAM1 and IDO. Increased level of PGE2 was found only in WJ-MSCs after pro-inflammatory stimulation.
We further confirmed the immunomodulatory properties of all three types of MSCs and their CMs on inhibition of peripheral blood lymphocyte
proliferation. To reveal the neurotrophic potential, we determined the effect of CMs on axon growth in cultured sensory neurons isolated from
dorsal root ganglions of adult rats. WJ- and AT-MSC derived CMs induced higher axonal growth than CM derived from BM-MSCs. In conclusion,
we characterized CMs from different types of MSCs and confirmed their therapeutic potential. We proved that CM derived from WJ-MSCs is
comparable with the adult BM- and AT-MSCs with the advantage of high cell yield and proliferation as well as non-invasive collection
procedure. Preliminary data from in vivo experiments on spinal cord injury in rat demonstrate the paracrine effect of CM derived from WJ-MSCs
in comparison with direct cell transplantation.
Supported by GACR 17-03765S, MEYS CR LO1309.
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The Effect of Pulsed Electromagnetic Field (PEMF) Pre-treated Mesenchymal Stem Cells on the Regeneration of
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Objective: Pulsed Electromagnetic Field (PEMF), has been suggested. Past in vitro application of PEMF to MSCs increased cell proliferation and
growth factor release, and it specifically induced MSC differentiation into Schwann-like Cells. Also, PEMF in vivo helps in the regeneration of
damaged peripheral nerve, motor, and sensory neurons. The aim of this study was to evaluate the effect of PEMF on the proliferation and
growth factor release of MSCs and to evaluate the effect of PEMF pre-treated MSCs (PMSCs) on peripheral nerve regeneration.
Methods and Materials: MSCs were harvested from the long bones of five-week-old Sprague Dawley rats (200-250g) and primary cultured. The
effect of PEMF pre-treatment (50 Hz, 0.1 mT, 1hour/day) on MSCs was evaluated by cell proliferation assay and the change of S100, GFAP,
BDNF, and NGF mRNA expression. Cell survival was observed for two weeks by injecting the DiI-labeled MSCs into the injured nerve. Animal
surgery was carried out in four groups: Sham, PBS, the MSC-injected, and the PMSCs-injected group. Crush injury was performed on the left
mental nerve using a needle holder with a width of 3mm for one minute. MSCs and PMSCs (1x106) were suspended in 5ul PBS and injected
into the injury-induced nerve using a Hamilton syringe. Functional recovery of the nerve was carried out by measuring the gap and difference
scores at pre-surgery and 1 and 2weeks post-surgery. Axonal regeneration was evaluated with histomorphometric analysis and retrograde
labeling of the trigeminal ganglion (TG).
Results: The PMSCs group showed higher cell proliferation and growth factor expression than the MSC group. In the mental nerve sensory test,
the PMSC injection group showed faster recovery than the untreated MSC injection group. Also, the PMSCs exhibited significantly higher
myelinated axon count and density than the MSC and PBS groups. Furthermore, using TG retrograde labeling, a greater number of dyed
neurons was counted in the PMSCs group compared to the MSC group.
Conclusion: PMSCs in vitro increased not only the growth rate of the cells, but also the expression of nerve growth factors. Moreover, when
these PMSCs were injected into an injured nerve, they were more effective in regeneration than untreated MSCs. This suggests that PMSCs are
an enhanced strategic tool in cell therapy for recovery of injured nerves.
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Placenta-derived mesenchymal stem cells promote hepatic regeneration underlying mesenchymal-to-epithelial
transition in rat model with bile duct ligation
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Placenta-derived mesenchymal stem cells (PD-MSCs) have immune-modulatory potential for cell therapy in regenerative medicine, including
liver diseases. We reported that PD-MSCs improve hepatic regeneration via increased autophagic mechanism in hepatic failure model.
Recently, the epithelial-to-mesenchymal transition (EMT) was proposed as one of the mechanism that give rise to collagen-producing
myofibroblasts in cirrhotic liver. However, its mechanism in EMT-induced hepatic cirrhosis is poorly understood. Therefore, the major objective
is to investigate PD-MSCs transplantation into rats with bile duct ligation (BDL) improves hepatic epithelial regeneration that reconstructs
normal hepatic structure and function. PD-MSCs (Tx) was injected through intravenous transplantation via tail vein in rat model with BDL. Nontransplanted (NTx) rats were maintained as well as sham controls. Liver tissues were analyzed at 1, 2, 3 and 5 weeks post-transplantation using
immunohistochemistry, western blotting, real time polymerase chain reaction and immunofluorescence as well as blood samples were
assessed by enzyme-linked immunosorbent assay of interleukin-6 and 10. After transplantation, PD-MSCs promote migration into injured liver
tissues of rat model with BDL. The protein expression of mesenchymal markers (e.g. Type 1 collagen, a-smooth muscle actin, Vimentin and
Snai1) significantly decreased in PD-MSCs Tx group compared to NTx. On the other hand, epithelial markers (e.g. E-cadherin, Desmoplakin and
ZO-1) and albumin of expression increased by PD-MSCs Tx group compared with those of NTx. Moreover, PD-MSCs decreased a-SMA
expression and resolved cirrhosis by improving liver regenerating capabilities. In co-culture system with PD-MSCs, otherwise, rat hepatic
epithelial cells (WB-F344) and Hepatic stellate cells (T-HSC/Cl-6) exposed to TGF-b (2ng/ml) reduced mesenchymal markers, and albumin and
E-cadherin were increased at 48 and 72 hours. Taken together, these results suggested that PD-MSCs improve mesenchymal-to-epithelial
transition by repairing of hepatic epithelial cells and inhibiting collagen synthesis. Therefore, these findings provide that understanding of the
therapeutic mechanism in injured liver by PD-MSCs can facilitate the development of cell therapy-based strategies in regenerative medicine.
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Alteration of multipotent mesenchymal stromal cell functions upon interaction with allogeneic  immune cells  
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Multipotent mesenchymal stromal cells (MSC) are considered "invisible" for the recipient immune system that ensures the possibility of their
allogenic use in regenerative medicine. Recently, MSC were reported to be rather "immunoevasive", i.e. they could become a target for
activated allogeneic immune cells. Since therapeutic approaches involve the transplantation of allogeneic MSC, it is important to elucidate the
effects of recipient immune cells on MSC.
The pro-inflammatory conditions are known to induce the "priming" of MSC and activate the immunomodulatory properties. Here we applied
the in vitro model to evaluate the effect of activated immune cells on MSC function. Upon interaction with immune cells the significant
upregulation of MSC genes involved in pro-inflammatory activation, immunosuppression, proliferation, cytokine production, matrix remodeling,
etc was shown. At physiological O2 level (5%) the changes were less pronounced than at the standard atmospheric O2 (20%). Those MSC
suppressed stimulated T-cell proliferation and activation (HLA-DR) both at 20% and 5% O2 while maintaining high viability. Simultaneously,
activated immune cells affected the functional state of MSC: the elevation of mitochondrial, lysosomal activity, ROS production were observed.
Functional activity of MSC was altered: the slowdown of proliferation, migration, differentiation, the downregulation of proinflammatory, and the
upregulation of proangiogenic cytokines, the stimulation of angiogenic activity, and the increase of adhesion molecules’ expression occurred.
The direct contact with immune cells affected MSC more pronounced than paracrine regulation: a greater increase of ROS level, an inhibition of
proliferation, osteo-differentiation, a shift in the production of proangiogenic factors were observed. Physiological O2 level slowed down the
osteo-differentiation, increased angiogenic activity, and supported the immunomodulation. Thus, we demonstrated the set of MSC functional
changes governed by various cues as cell-to-cell contacts and O2 level upon interaction with immune cells. Along with the paracrine profile shift
towards anti-inflammatory and proangiogenic this phenotypic switch could promote the formation of a microenvironment for productive
resolution of the inflammation and further effective repair of damaged tissue.
The work was supported by Grant of President of Russian Federation MK-2976.2018.4 and RFBR Grant 17-04-00942
Authors have no conflicts of interest
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Mayumi Iwatake1，Yoshinori Sumita1，Tokiko Nagamura2，Izumi Asahina3
1
Basic and Translational Research Center for Hard Tissue Disease, Nagasaki University, Nagasaki, Japan，2Department of Cell Processing and Transfusion, The University of Tokyo, Tokyo,
Japan，3Department of Regenerative Oral Surgery, Unit of Translational Medicine, Graduate School of Biomedical Sciences, Nagasaki University, Nagasaki, Japan

Human umbilical cord-derived MSCs (UC-MSCs) have a higher proliferative potential and an ability to differentiate into osteoblasts. Moreover,
UC-MSCs are thought to be able to be applied in an allogeneic setting without eliciting host immune responses. However, the osteoblastic
differentiation ability of UC-MSCs is limited when compared with that of bone marrow-derived MSCs (BM-MSCs). Therefore, UC-MSCs usually
require the long-term culture for the osteoblastic differentiation even if when applied the osteogenic reagents or cytokines, such as bone
morphogenetic protein-2 (BMP-2), in culture. However, the exact mechanisms underlying the different ability of osteoblastic differentiation
depending on the cell sources are still an enigma. In this study, to enhance the differentiation ability of cultured UC-MSCs for future clinical
setting, we examined whether type I collagen (Col-1) gel culture promotes the BMP2-induced osteoblastic differentiation of UC-MSCs. As
experiments, the expression level of alkaline phosphatase (ALP) mRNA and its activity when cultured on the surface of Col-1 gel matrix for 7-10
days were significantly promoted compared with that when cultured on the plastic surfaces, and those promoted levels were comparable to
the levels of BM-MSCs. Subsequently, when investigated the downstream signaling pathways of BMPs for clarifying the mechanisms of this
phenomenon, we found one of the key receptors for conducting BMP signals and actin-depolymerizing factors, which activate ALP expression in
MSCs. Then, when explored the localization of G-actin in UC-MSCs cultured on Col-1 gel by focusing on the actin-depolymerization, we
detected F-actin was rapidly depolymerized to monomeric G-actin and subsequently cellular G-actin had been accumulated in UC-MSCs
cultured on Col-1 gel. In addition, we found that UC-MSCs cultured on Col-1 gel significantly decreased the expression of pluripotency
transcription factors such as Oct4 and Nanog while UC-MSCs on plastic were maintained their expression levels. Taken together of these
phenomena, Col-1 gel culture must be useful to enhance the osteoblastic differentiation ability of human UC-MSCs, and changes of cell
morphology that determined by dynamics of the actin cytoskeleton may associate with the inducibility of osteoblastic differentiation of MSCs.
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Stem cell spheroids have been frequently used for cell therapy owing to its highly preserved differentiation potential and enhanced cellular
functions as compared to those cultured as 2D. Those unique characteristics are from in vivo-like microenvironment within the spheroid
regarding interactions of stem cells with extracellular matrix and neighboring cells. Therefore, various spheroid culture techniques have been
developed such as centrifuge, liquid overlay, and hanging drop methods. However, conventional techniques showed limited productivity and
difficulty in size control due to their labor-intensive culture process. Many studies have tried to overcome those technical hurdles using diverse
processes such as micromolding or surface patterning with non-adhesive materials to increase cell cohesion while minimizing cell adhesion.
Nonetheless, there is much room for improvement due to complexity of production process and high cost. Thus, in this study, we developed
one-step hydrogel soft embossing technique for mass production of size-controlled human adipose-derived stem cell (hADSC) spheroids.
Firstly, we made polydimethylsiloxane (PDMS) master mold using commercially available sandpaper. On the resulting PDMS master, we
prepared embossed hydrogel with controlled surface roughness depending on the grit designation of sandpaper. hADSCs on embossed
hydrogel spontaneously formed spheroids within 24 hours and their sizes were specifically controlled depending on hydrogel’s roughness. We
observed that more than two-thousands of spheroids were formed per one square centimeter at once. Moreover, stemness and differentiation
abilities of spheroids were highly preserved as compared to two dimensionally cultured hADSCs. Then, we observed that spheroids on
embossed hydrogel secreted higher amount of pro-angiogenic factors compared to those cultured on commercially available spheroid culture
dish. Furthermore, owing to narrowly maintained size distribution of spheroids, we could utilize them for 3D bioprinting applications.
Morphology and viability of small size spheroids were maintained after pass through twenty-seven-gauge needle. In addition, we found printed
spheroids showed higher viability and pro-angiogenic factor secretion compare to printed cell suspension. Therefore, our results showed that
our novel spheroid culture technique can fortify versatile usage of stem cells for many applications.
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Enhancement of post-islet transplantation graft survival rate using 3D stem cell aggregates with pro-angiogenesis
and antiapoptotic effects
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Type 1 diabetes mellitus is a chronic disease characterized by insulin deficiency and hyperglycemia owing to the loss of pancreatic beta cells.
Islet transplantation has been demonstrated as a promising therapy in addition to insulin treatment. The liver, renal capsule or peritoneal cavity
are currently chose as the sites for islet transplantation. However, the surgical access of these positions can be very invasive and may cause
subsequent complications. In contrast, subcutaneous sites offer advantages of minimally invasive operating procedure and easy access for graft
monitoring. Nevertheless, subcutaneous transplantation of islet exhibits only limited therapeutic outcomes, which can be attributable to the
inadequate capability of skin tissue to foster revascularization in a short period. In this work, three-dimensional (3D) mesenchymal stem cell
aggregates that are fabricated using a thermo-responsive methylcellulose hydrogel system are employed to enhance the graft survival rates by
inducing local angiogenesis and prevent graft apoptosis. According to our results obtained from in vitro studies, the 3D stem cell aggregates
can induce neovascularization by direct differentiation into vascular endothelial/smooth muscle cells or by indirect paracrine secretion of
growth factors. Moreover, the release of several anti-apoptotic factors by the 3D stem cell aggregates is observed, demonstrating their prosurvival capability. We anticipate that the combination of 3D stem cell aggregates with islets may enhance regional neovascularization and
increase graft survival at subcutaneous site, thus improving the therapeutic efficacy of islet transplantation.
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Osteoarthritis (OA) is a degenerative and inflammatory joint disease that affects the whole joint tissues. Mesenchymal Stem Cells (MSC) ability
to secrete anti-inflammatory and immuno-modulatory factors represents an attractive tool in the treatment of OA. Considering the risk of cell
leakage and the massive cell death upon intra-articular injection, MSC encapsulation could therefore prevent cell death, avoid cell effusion
outside the articular space, and supply a suitable 3D microenvironment supporting MSC biological activity. Previously, we have demonstrated
that dropwise-manufactured alginate particles support MSC viability and bioactivity. Nevertheless these particles were too large to be injected
into joints of small animals. Here, we developed a new method of cell encapsulation compatible with intra-articular injection through a 26G
needle.
Human adipose-derived stem cells (hASC) were encapsulated via a micromolding method. We first manufactured polydimethylsiloxane (PDMS)
chips containing circular micromolds having 150μm of diameter and 100µm of depth. The chips were then hydrophilized and a solution of 2%
alginate (w/v) containing 3 millions of hASC per mL was deposited onto them. Cell loading into the micromolds was done either by
sedimentation or by centrifugation. Alginate particles were then crosslinked with an agarose gel charged with CaCl2 and the encapsulated cells
were cultured into 1 mL of complete medium. Cell number and bioactivity were evaluated for 7 days after encapsulation.
We successfully obtained cylindrical alginate microparticles presenting a diameter of 103 ± 0.7 µm and loaded with cells. Using cell
quantification, we determined that the centrifugation method allowed the encapsulation of 22 ± 3 cells per particles versus 4 ± 2 by
sedimentation. Cell number and metabolic activity remained stable for 7 days after encapsulation. We also demonstrated that injection
through a 26G needle had no impact on the viability of encapsulated cells.
Our results show that we are able to encapsulate hASC into alginate particles by a micromolding method. We demonstrated that neither the
method of encapsulation nor encapsulation by itself had any impact on cell viability. Moreover, our particles were injectable through a 26 G
needle without affecting cell viability. Our work will now focus on evaluating encapsulated in vitro cell functionality. We will then consider intraarticular injection in a small animal model of osteoarthritis.
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Exposing mesenchymal stem cells to chondroitin sulphated proteoglycans reduces their angiogenic and neuroadhesive paracrine activity
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The multifactorial complexity of spinal cord injuries includes the formation of a glial scar of which condroitin sulphated proteoglycans (CSPG)
are an integral component. Previous studies have shown that CSPG have inhibitory effects on endothelial and neuronal cell growth, highlighting
the difficulty of spinal cord regeneration in overcoming the glial scar. Mesenchymal stem/stromal cells (MSC) have been investigated as a cell
therapy for SCI and there is mounting evidence for their angiogenic and neurotrophic paracrine properties. However, in vivo studies have
observed poor engraftment and survival of MSC when injected into SCI lesions. Therefore, we have investigated the effects of CSPG exposure
to MSC in vitro.
MSC cultured on increasing CSPG concentrations showed reduced cell adhesion, but their viability was not affected. MSC conditioned medium
(CM) was harvested from these cultures and used to coat tissue culture plates, which were then seeded with EA.hy926 endothelial cells or
SHSY5Y neuronal cells. For both of these responder cell types, coating the plates with MSC CM significantly increased cell adhesion, an effect
that was markedly abrogated by prior exposure of the MSC to CSPG. MSC CM was added as a soluble medium to Matrigel assays with
EA.hy926 cells and this significantly enhanced endothelial tubule formation, in this case with no reduction seen as a result of prior CSPG
exposure. In contrast, MSC CM harvested from the CSPG-coated plates - including plates with no CSPG (as a control) - did not enhance SHSY5Y
neurite outgrowth versus non-conditioned medium. These experiments were set using lower numbers of MSC than previously examined.
Therefore, we also cultured MSC from the same donors in T75 culture flasks in the absence of CSPG but at a higher MSC number per ml of
medium. The MSC CM harvested from these flasks did significantly increase neurite outgrowth. Taken together, these studies demonstrate that
MSC are resilient to CSPG exposure, but that there is a marked effect of CSPG exposure on some aspects of their paracrine regenerative
activity. This has important implications for our understanding of how the wound microenvironment after SCI can mitigate the beneficial effects
of MSC transplantation.
MSC were supplied by The Veterinary Tissue Bank Ltd., Chirk, UK.
This work was supported by the Biotechnology and Biological Sciences Research Council (UK) Grant No. BB/M017311/1.
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ATAC-seq revealed the tissue-of-origin specific epigenomes in mouse mesenchymal stem cells
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Mesenchymal stem cells (MSCs) are multipotent stem/progenitor cells that have differentiation potential to three mesenchymal lineages,
osteocytes, adipocytes, and chondrocytes. In addition to the unique differentiation potential towards a broader range of cell types, MSCs have
an anti-inflammation activity; these features position MSCs as a promising material in regenerative medicine. MSCs can be isolated from various
tissues, such as bone marrow, adipose tissue, lung, or umbilical cords, and known to have distinct features likely depending on their tissue-oforigins. However, comprehensive methods that can identify the molecular mechanisms of how each MSC acquires unique features are not
developed. In this study, we isolated MSCs from four different mouse tissues (bone marrow from femur or vertebra, adipose, and lung) as
examples of distinct MSC populations, and analyzed whole transcriptome and epigenomes. After validating the expression of MSC makers
(CD106, CD29, CD44, and Sca-1), we performed RNA-seq on the established MSCs. Differentially expressed gene analysis illustrated cell type
specific gene expression patterns and the feature accurately clustered the MSCs based on their tissue-of-origins. We then utilized ATAC-seq
(Assay for transposase-accessible chromatin using sequencing) which identifies open chromatin regions. Interestingly, the open chromatin
status identified by ATAC-seq, particularly when focusing on the non-promoter region (defined as a region excluding +/- 1kb from transcription
start sites), clustered the established MSCs with much higher accuracy compared to the clustering with gene expression data, suggesting the
epigenome as a reliable marker to identify MSCs with different origins or properties. Furthermore, we have successfully identified transcription
factor motifs that were available in a cell type specific manner, suggesting that the transcription factors may establish cell type specific
epigenomes and gene expression patterns. Thus, our study provides a basis for understanding the molecular mechanisms of how certain MSCs
acquire distinct properties and will help to identify the MSCs suitable for regenerative medicine using epigenomic information.
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Human adipose tissue is an attractive and abundantly available source of adult stem cells applicable in regenerative medicine and tissue
engineering. The process to obtain the contained stromal vascular fraction (SVF) reveals, as intermediate step after reduction of fat and oil, a
microtissue with a heterogeneous cell population including the adipose-derived stromal/stem cells (ASC), endothelial (precursor) cells and
fibroblasts. Hence, prerequisite for the translation into clinics is a suitable production protocol for SVF. Current isolation methods for cells from
adipose tissue depend on enzymes such as collagenase, resulting in single cell suspensions dissociated from their natural microenvironment.
The aim of this study was to develop a closed, sterile and safe isolation method (Micro Iso) with reduced enzyme concentration to obtain
adipose-derived microtissues comprising therapeutic cells without dissociation from adipose tissue extracellular matrix. Microtissue was
isolated from adipose tissue with a low concentration of collagenase (GMP quality) under sterile and safe conditions. The isolated microtissue
was characterized regarding identity and functionality by analyzing cellular composition, surface marker profile, adipogenic and vasculogenic
differentiation potential as well as graft integration in nude mice after intramuscular and subcutaneous injection. The isolated microtissue
comprised connective tissue and intact vessels detected by histological stainings as well as regenerative cells verified by flow cytometry
analysis, as defined by the guidelines from the IFATS/ISCT. Moreover, the microtissue demonstrated a high adipogenic differentiation potential,
indicated by enhanced expression of adipogenic marker genes after induction, and a strong potential to form tube-like structures, which is a
prerequisite for neovascularization. In vivo analyses demonstrated successful integration of transplanted grafts composed of microtissue alone
or combined with fat tissue in immunocompromised mice. In summary, we developed a closed, safe and sterile isolation protocol with a low
enzyme concentration to obtain an adipose-derived microtissue enriched with regenerative cells for successful graft integration and survival.
This procedure provides a microtissue for structural restoration of tissue defects with therapeutic cells for potential autologous clinical
applications in regenerative medicine.
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A highly interesting source for adult stem cells is adipose tissue, from which the stromal vascular fraction (SVF) - a heterogeneous cell
population including the adipose-derived stromal/stem cells (ASC) - can be obtained. In the last decades, cell-based therapies with autologous
adipose tissue- derived cells have shown great potential in several clinical studies. The aim of this study is to enhance stem cell properties and
functionality of freshly isolated SVF cells using extracorporeal shock wave therapy (ESWT). In our two approaches, ESWT was applied on the
adipose tissue harvest site before liposuction (ESWT in situ) and on freshly obtained human adipose tissue (ESWT ex vivo). SVF cells derived
from both approaches were analyzed regarding cell vitality by adenosine triphosphate (ATP) content, adipogenic differentiation potential using
Oil Red O staining and quantification, vascularization potential by tube-like structure formation and angiogenic secretory protein profile as well
as surface marker profile using mesenchymal, vascular/endothelial, pericytic and hematopoietic marker. After ESWT ex vivo as well as ESWT in
situ we could achieve higher cellular ATP levels compared to the untreated control. An improved differentiation capacity towards the
adipogenic lineage was detected after ESWT in situ. Both approaches showed positive effects on vascularization potential where ESWT ex vivo
promoted tube-like structure formation and ESWT in situ enhanced specific angiogenic proteins. Likewise, cells expressing mesenchymal,
vascular/endothelial and pericytic markers were significantly elevated after ESWT in situ and ex vivo compared to the untreated control. Within
this study we could demonstrate the positive effect of ESWT in situ and ex vivo leading to enhanced cell properties and potentially a more
regenerative cell population. Since the effectiveness of autologous cell therapy is dependent on the therapeutic potency of the patient’s cells,
this technology might raise the number of patients eligible for autologous cell transplantation.
Acknowledgements. Financial support from the Austrian FFG project “Liporegeneration” (846062) and the FFG Industrienahe Dissertation
“2in1-online activation” (852978) is gratefully acknowledged.
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Mesenchymal stem/stromal cells are widely investigated for their abilities to replace lost or damaged connective tissues by differentiating and
to promote wound healing through paracrine activity. However, it is well known that both donor-donor and intra-donor variation in their
regenerative capacity is often seen. To better understand the activity of human MSC subpopulations, we compared adipose tissue derived
CD271-selected MSCs versus plastic adherent-selected (PA) MSCs by determining (i) their mesodermal differentiation in vitro and (ii) the effects
of MSC conditioned medium (MSC CM) on endothelial cells in vitro – in both cases using quantitative assays throughout. Theses MSC
subpopulations had a similar CD profile and differentiation capacity to form chondrocytes, osteoblasts and adipocytes. PA MSC CM significantly
increased endothelial cell migration and tubule formation in Matrigel assays versus control medium. However, this angiogenic effect was
markedly and significantly reduced in MSC CM harvested from CD271+ MSC cultures. Our results suggest that although adipose CD271+ MSCs
and PA MSCs are phenotypically alike, the CD271+ selected cells may form a better treatment option for the promotion of wound healing
where angiogenesis is less favored, e.g. to promote cartilaginous tissue repair.
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Human bone marrow-derived mesenchymal stem/stromal cells (MSCs) exert trophic, immunomodulatory and antibacterial activity through
secreted factors. This supports their use in regenerative medicine, e.g. to treat skin wounds. The paracrine effects of adipose tissue-derived
MSCs are less well understood. Here, we isolated, cultured and phenotyped human adipose tissue-derived (AT) MSCs and then inoculated AT
MSC cultures with bacteria common to infected wounds, i.e., gram-positive Staphylococcus aureus or gram-negative Pseudomonas aeruginosa.
Scanning electron microscopy (SEM) was used to examine MSC:bacterial interaction, whilst colony forming unit (CFU) and biofilm assays were
used to measure bacterial growth. By SEM, AT MSCs appeared to attach to both species of bacteria and to engulf S. aureus. Significantly fewer
bacterial CFUs were present in culture medium harvested from MSC:bacterial co-cultures compared with medium containing bacteria cultured
alone (controls). Antibacterial activity, including an inhibition of biofilm formation, was also observed when fresh bacteria cultures were treated
with conditioned medium from AT MSC:bacterial co-cultures (primed) that had been filter-sterilised compared with sterile non-primed AT MSC
culture-conditioned medium; this activity was irrespective of the bacterial species to which the AT MSCs had been prior exposed. Hence, we
have demonstrated that AT MSCs inhibit the growth/survival of two common bacterial species, which was associated with bacterial adhesion,
potential engulfment or phagocytosis, and the secretion of antibacterial factors.
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Retinal degenerative disorders represent a group of diseases affecting millions of people worldwide. Damage of any retinal layers is responsible
for loss of homeostasis and leads to a decreased quality of vision or even blindness. So far, there is still no effective treatment protocol
available for many of retinal disorders. A perspective approach for these patients represents stem cell-based therapy. The promising candidate
are mesenchymal stem cells (MSCs) that can be obtained from patient’s tissues in efficient amount. In this study we analysed the effect of
mouse bone marrow-derived MSCs on the early phase of retinal inflammation caused by inflammatory cytokines in vitro and in vivo. MSCs can
differentiate into various cell types and replace the damaged cells. We found that MSCs can differentiate in vitro also into cells expressing
retinal markers in the environment mimicking the retinal damage. We identified the key supportive role of interferon- γ in the differentiation
process. Moreover, MSCs with their immunomodulatory properties can inhibit inflammatory reaction in the retina. After cultivation of MSCs
together with stimulated retinal explants the inhibition of production of pro-inflammatory cytokines by MSCs was measured. The same effect
was detected in vivo after intravitreal injection of MSCs. Analysis of cell suspensions prepared from the eyes injected with fluorescent dyelabelled MSCs showed that MSCs specifically migrate into the posterior segment of the eye. Besides these properties, MSCs are also able to
produce a number of growth and trophic factors that have important role in retinal regeneration. We conclude that all of these properties
make MSCs a perspective cell candidate for treatment of retinal degenerative disorders.
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Autologous stem cell therapies have huge potential in addressing clinical challenges across a wide range of intractable diseases. The ability to
separate and enrich stem cell subpopulations intra-operatively, without the need for extrinsic labelling, would provide a step change in the
delivery of cell-based therapies. Our aim was to use binding proteins to provide a surface with switchable affinity coupled with microfluidics to
apply, selectively bind and subsequently collect released cells, offering a high-throughput, minimally-manipulative approach to select and enrich
stem cell populations for therapeutic applications.
We have developed a prototype device that exploits the specificity of the cell surface marker CD271 to select for mesenchymal stem cells
from complex biological mixes such as bone marrow or bone marrow aspirate. Both commercially available antibodies and custom-designed
non-antibody binding proteins (Affimers) have been tested for optimised cell capture and release. Affimers were selected against CD271
protein via phage display screening of an existing Affimer library. Positive hits were subcloned into an expression vector and recombinant
protein produced in E. coli. These binders were characterised using Enzyme Linked Immunosorbent Assays and Surface Plasmon Resonance to
determine their specificity and affinity for CD271. Specificity for CD271+ cells was demonstrated via flow cytometry, where known mixtures of
two different cell lines – a neuroblastoma cell line (CD271 positive) and a fibroblast cell line (CD271 negative) – were characterised. Specificity
for the different cell lines was greater than 90%, exceeding the desired cell enrichment requirements for clinical applications. The selected
binders were then immobilised to a low-fouling substrate in a microfluidic channel. Known mixtures of the two cell populations were used to
demonstrate specific cell capture in the microfluidic device. Different release mechanisms are now being investigated with the captured and
released cells characterised by flow cytometry for specificity and viability.
This work demonstrates that affinity capture via Affimer and antibody technologies, in conjunction with a bionanotechnology surface designed
to provide a controlled release mechanism, offers a potentially attractive solution for use in autologous cell-based therapies.
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The hypothesis of this study was that transplantation of Schwann cells (SCs) into atrophic muscles in lower limbs would enable neuromuscular
regeneration in a mouse model of hereditary peripheral neuropathy. We investigated the potential of Schwann-like cells differentiated from
human tonsil-derived MSCs (T-MSCs) for neuromuscular regeneration in trembler-J (Tr-J) mice, a model of Charcot–Marie–Tooth disease type
1A (CMT1A), which involves hereditary motor and sensory peripheral neuropathies. T-MSCs differentiated toward Schwann cells (SCs) with
increased expression of SCs-related markers in vitro. In situ transplantation of T-MSC-SCs into the caudal thigh muscle in Tr-J mice enhanced
motor function proved by a rotarod test and measurement of sciatic function index. Morphology of the sciatic nerve and skeletal muscle
recovered without the formation of teratomas. The sciatic nerves in the T-MSC-SCs-transplanted mice revealed regenerative morphology in
myelin sheaths and axons. Transplantation of T-MSC-SCs could enable neuromuscular regeneration in patients with CMT1A. Further studies
such as the assessment of neurotrophic factors and regeneration potential of neuromuscular junctions might provide more insight into the
outcomes of transplantation of T-MSC-SCs for patients with Charcot-Marie-Tooth disease.
Key words: human tonsil-derived stem cell, Charcot–Marie–Tooth disease, Schwann cells, regeneration, neuromuscular, cell therapy
Acknowledgment: This work was supported by a grant from the Korean Health Technology R&D Project (HI12C0135; HI16C2207), Ministry of
Health and Welfare, Republic of Korea.
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Although bone marrow is considered the ideal source of mesenchymal stem/stromal cells (MSCs) for regenerative therapy, adipose tissues may
represent a less-invasive source of MSCs. Moreover, animal-derived supplements, such as fetal bovine serum (FBS), should be avoided in MSCs
cultured for clinical applications. The objective of this study was to compare donor-matched human bone marrow (BMSCs) and adipose tissues
(ASCs) under xeno-free conditions, by substituting FBS with human platelet lysate (hPL). Bone marrow and adipose tissues were obtained from
10 healthy volunteer donors; BMSCs and ASCs from each donor were isolated and expanded in hPL and FBS and passage 3-5 cells from 3
representative donors were used for experiments. Growth kinetics were compared via cell proliferation and colony forming-unit (CFU) assays.
Cells were characterized via cytometric expression of MSC-markers and multi-lineage (osteogenic, adipogenic and chondrogenic) differentiation
potential in FBS- vs. hPL-supplemented media was evaluated. Osteogenic differentiation was further characterized via gene expression and
immunocytochemistry. BMSCs and ASCs in both FBS and hPL showed characteristic fibroblastic morphology and stromal phenotype (positive
for CD105/CD90/CD73 and negative for CD34/CD45/HLA-DR). Proliferation and CFU efficiency of both cells was superior in hPL compared to
FBS. BMSCs and ASCs expanded in both hPL and FBS differentiated into all three lineages; notably, osteogenic differentiation was enhanced in
BMSCs expanded in hPL. In summary, hPL represents a feasible clinical-grade FBS-substitute for MSC expansion, and ASCs represent an
alternative to BMSCs for bone tissue engineering applications.

377

a92785

02-P173

Mesenchymal stem cell-based therapy improves lower limb movement after spinal cord ischemia in rats

Kei Nakagawa1，Shinya Takahashi2，Tomoyuki Kurose1，Takeshi Imura1，Takashi Otsuka1，Koki Kido1，Mayumi Tomiyasu1，Yumi Kawahara3，
Taijiro Sueda2，Louis Yuge1,3
1
Division of Bio-Environmental Adaptation Sciences, Institute of Biomedical and Health Sciences, Hiroshima University, Hiroshima, Japan，2Department of Cardiovascular Surgery, Hiroshima
University Hospital, Hiroshima, Japan，3Space Bio-Laboratories. Co. Ltd.

Spinal cord ischemia is a devastating complication following thoracic and thoracoabdominal aortic surgery. In the present study, we aimed to
investigate the effects of mesenchymal stem cells (MSCs), which have the regenerative capability and exert paracrine actions on damaged
tissues, injected into rat models of spinal cord ischemia-reperfusion injury.
Forty-five Sprague-Dawley rats were divided into sham, phosphate-buffered saline (PBS), and MSC groups. Spinal cord ischemia was induced
in the latter two groups by balloon occlusion of the thoracic aorta. When the proximal blood pressure decreased to 40–45 mmHg, the Fogarty
catheter was inflated with 0.05ml of saline. After 8 minutes of aortic occlusion, the balloon was deflated, and the blood in the reservoir was
reinfused into the rat within 1 minute. Rat bone marrow-derived MSCs or PBS were immediately injected into the left carotid artery. After the
operation, hindlimb motor function was evaluated at 6 and 24 hours. The spinal cord was removed at 24 hours, histologic and
immunohistochemical analyses, and real-time polymerase chain reaction assessments were performed.
Hindlimb function was significantly better at 6 and 24 hours after ischemia-reperfusion injury in the MSC group than in the PBS group
(p<0.05). The number of terminal deoxynucleotidyl transferase dUTP nick end labeling-positive neuron cells in the spinal cord and the ratio of
Bax to Bcl-2 were significantly larger (p<0.05) in the phosphate-buffered saline group than in the mesenchymal stem cell group. The injected
MSCs were observed in the spinal cord 24 hours after ischemia-reperfusion injury.
The MSCs therapy by trans-arterial injection just after spinal cord ischemia-reperfusion injury may improve lower limb function by preventing
apoptosis of neuron cells in the spinal cord. Further studies are required to show the therapeutic mechanisms and the administration route for
the utmost benefit.
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The effect of adipose-derived stem cells for wound healing: Comparison of application method

Sang Wha Kim1，Hyeonwoo Kim1，Youn Hwan Kim2
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Adipose-derived stem cells (ADSCs) are pluripotent cells, which have characteristics similar to bone marrow-derived mesenchymal stem cell.
ADSCs are known to reduce an inflammation in acute wound and promote wound healing process. However, it is not known how to apply
ADSCs to achieve successful wound healing, and how long ADSCs is going to work. Our study is aimed to explore the wound healing effect of
ADSCs by application method, thus to estimate most effective application of ADSCs for wound healing.
ADSCs were achieved from GFP-transgenic mouse. C57BL/6 mice were used in the study. A 1 cm2 sized full-thickness skin defect at dorsum of
mice was created by skin biopsy punch and scissor. The mice (n=36) were divided into six groups (six mice for each group). Three application
method of ADSCs were evaluated: intramuscular injection, intravenous injection, and application over the wound using fibrin sealant. Each
methods were compared with phosphate-buffered saline (PBS) control group. Wound size were measured at day3, day7, and day 14.
Intravenous injection showed decrease in wound size at day 3 and day 7 compared to control groups without statistical significance.
Intramuscular infection and application over the wound showed significant reduction in wound size at day 3 and day 7 (p<0.05). However, all
groups showed similar wound healing at day 14. ADSCs had a positive effect on the full-thickness skin defect in mice at early stage of wound
healing, which accelerated wound healing.
ADSCs has the potential to promote wound healing. Transplantation of stem cells may be suitable for clinical application for acute wounds.

378

a93025

02-P175

Human umbilical cord blood-derived mesenchymal stem cells transplantation after selective retinal laser
treatment in retinal degeneration rodent model
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Purpose : To evaluate efficacy of human umbilical cord blood derived mesenchymal stem cells (hUCB-MSCs) transplantation after selective
retinal laser treatment (SRT) in retinal degeneration rodent model.
Methods : Healthy Brown Norway (BN) rats were induced retinal degeneration by intravenous sodium iodate (SI) injection and then SRT was
performed unilaterally. Seven days after induction of retinal degeneration, hUCB-MSCs were transplanted via lateral tail vein. The visual function
was evaluated by electroretinogram (ERG) at day 7, 15, 30, 60, 90 and optokinetic responses (OKN) at day 90. Thickness of outer nuclear layer
(ONL) was compared by histological examination at day 90 after sacrifice.
Results : ERG amplitude and OKN did not significantly affected by SRT when compared with contralateral SRT-untreated eyes (p > 0.05) at
every time points. After hUCB-MSCs transplantation, ERG amplitude and OKN was not significantly improved (p > 0.05) than without
transplantation in SRT-treated eyes. But, in SRT-untreated eyes, amplitudes of maximal combined response (221.2 ± 96.3 vs 76.6 ± 47.4 µv, p
= 0.04) and rod response (86.4 ± 27.5 vs 45.6 ± 19.0, p = 0.02) were significantly improved with hUCB-MSC transplantation than without at
day 90. Thickness of outer nuclear layer (ONL) was not significantly different in each group at every time points.
Conclusions : SRT did not affected to the visual function in degeneration rodent model. Furthermore, hUCB-MSCs transplantation improve the
visual function in SRT-untreated eyes at day 90. Clinicians should consider these findings when perform SRT in retinal degenerative diseases.
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Effect and Influence of Morphological Information Content obtained for Image-based Cell Evaluation

Masaya Fujitani，Shun Kawai，Kei Kanie，Ryuji Kato
Department of Basic Medicinal Sciences, Graduate School of Pharmaceutical Sciences, Nagoya University, Nagoya, Japan

By the recent technological advances in the industrialization of regenerative medicine, image-based analysis technologies have been growing
attention to enable non-invasive and practical method to quantitatively assess the changes of cellular status during their daily culture. At
present, several optical systems and software provides applications to quantitatively measure and analysis the conditions of cell culture status
by the image processing technologies. The advanced image processing technologies can now offer accurate and reproducible cell-recognition
in the non-stained images, and provides the measurement data from the daily images of cells under microscope.Our group had been reported
the importance of such image-based information, especially the information which describes the morphological profile of cellular population,
not only for converting images into data, but also applying such data for machine learning computational technologies. Although most of the
image processing technique gives “massive data of information from images”, there are few works that have analyzed the informational content
and its importance and effect for developing cell quality prediction computational model. Our detailed analysis with the massive image data
amount reveals that the information, generally expressed as “image-derived information” has both advantages and disadvantages for practical
and reproducible performance in industrial usage, such as in the cell manufacturing process. We here discuss the important factors that can be
extracted from the cellular image, together with the risks of image-based information.
Acknowledgement:
Authors are grateful for financial support from the Japan Science and Technology Agency (JST) Program for Creating STart-ups from Advanced
Research and Technology (START Program) program and Medical Research and Development Programs from the Japan Agency for Medical
Research and Development, AMED.
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Regenerative Potential of Tonsil Mesenchymal Stem Cells on Surgical Cutaneous Defect
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Objective As tissue engineering and regenerative medicine have evolved recently, stem cell therapy has been investigated in the field of
impaired wound healing. Several studies have reported that mesenchymal stem cells derived from various tissues including bone marrow and
adipose tissue can exert the regenerative efficacy in the wound healing. Previously, we have demonstrated the isolation and characterization of
tonsil-derived mesenchymal stem cells (T-MSCs) with excellent proliferative property. In the present study, we aimed to evaluate the
regenerative efficacy of T-MSCs in the wound healing process.
Material and Methods Two distinct cutaneous surgical defects were generated in the dorsum of thirty nude mice. Each wound was treated
with T-MSCs or phosphate buffered saline (PBS), respectively. After sacrifice, the skin and subcutaneous tissues around the surgical defect were
harvested and assessed for inflammation, re-epithelialization, dermal regeneration, and granulation tissue formation. To elucidate the
underlying mechanisms, T-MSCs were analyzed for their potency in immunomodulatory ability on immune cells, stimulatory effect on the
proliferation of keratinocytes and fibroblasts, as well as the regulation of fibroblast differentiation.
Results Subcutaneous administration of T-MSCs significantly contributed to the repair of surgical defects in mice. Especially, T-MSCs efficiently
down-regulated the excessive inflammation in the surgical lesion. Consistently, T-MSCs inhibited the non-specific or T cell-specific proliferation
of peripheral blood mononuclear cells, as well as the M1 polarization of macrophage-like cells. Moreover, T-MSCs augmented the proliferation
of skin-constituting fibroblasts and keratinocytes while they suppressed the differentiation of fibroblasts into myofibroblasts.
Conclusion Taken together, our findings demonstrate the regenerative potential of T-MSCs in wound healing process through the regulation on
inflammation, proliferation and remodeling of various skin cells, implying that T-MSCs can be a promising alternative for wound repair.
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The Quality of Mesenchymal Stem Cells Isolated from Bone Marrow of Pseudoarthrosis Patients
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Nonunion tibial fracture caused by congenital pseudoarthrosis of tibia (CPT) requires a complex healing treatment. Up to present, the reason
for delayed bone regeneration remains unclear. In this study, quality of the mesenchymal stem cells (MSCs) from fracture site of CPT patients
were evaluated for its correlation with the pseudoarthrosis incidence.
The bone marrow-derived MSCs from fracture site and iliac crest of six CPT patients were isolated and compared. The cumulative population
doubling level (cPDL), phenotype characteristics and trilineage differentiation potencies were observed to assess the quality of both MSCs.
There were no significant differences (p > 0.05) of the MSCs derived from fracture site and the MSCs from iliac crest of CPT patients, in terms
of cPDL, phenotype characteristics, and trilineage differentiation potencies. However, MSCs from the fracture site have a higher senescence
tendency than MSCs from iliac crest. the cPDL of iliac crest-derived MSCs from non-CPT (healthy) and CPT patients was similar. As a conclusion,
MSC quality is not the main reason for delayed bone regeneration in CPT patients, thus, autologous MSC is a promising source for treating CPT
patients.
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Comparison of Osteogenic Capacity of Donor-Matched Bone Marrow and Adipose-Derived Stem Cells  
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Adipose-derived stem cells (ASCs) have been proposed for bone tissue engineering as an alternative to bone marrow mesenchymal stem cells
(BMSCs). Our aim was to compare the proliferation and osteogenic capacity of human ASCs and BMSCs from the same donor in vitro and in
vivo, both ectopically and orthotopically. Human ASCs and BMSCs were isolated, characterized and seeded into poly (L-lactide-co- ε
-caprolactone) scaffolds. The in vitro proliferation and osteogenic capacity of the stem cells were tested. Scaffolds with ASCs or BMSCs, and
scaffolds without cells (control) were randomly implanted subcutaneously in the dorsum of 24 NOD/SCID mice, and in calvarial defects in 26
nude rats. Osteogenic genes expression, histology, positron emission tomography - computed tomography (PET-CT) and radiographic analyses
were performed to evaluate mineralization and bone formation after 4 and 10 weeks in mice, and 4, 12 and 24 weeks in rats. ASCs and BMSCs
showed morphological and immuno-phenotypical characteristics of stem cells. ASCs and BMSCs had similar proliferation capacity up to 10
days. Both ASCs and BMSCs showed osteogenic differentiation, evaluated by Alizarin red staining after 21 days. Following subcutaneous
implantation in mice, the osteogenic genes were upregulated in scaffold+BMSCs and Scaffold+ASCs compared to control after 4 weeks, with
histologically organized collagenous matrix formation after 10 weeks. In calvarial defects in rats, metabolic activity increased from 4 to 12
weeks in the three groups. Radiographic and histology analyses revealed comparable new bone formation in defects with scaffold+BMSCs and
Scaffold+ASCs after 24 weeks, significantly higher than results from control. We conclude that ASCs have a comparable proliferation and
osteogenic capacity to BMSCs, and might substitute BMSCs for bone tissue engineering applications. This study provides promising results for
more preclinical and clinical studies.
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Characterization of Stem Cells Derived by Human Adipocytes Dedifferentiation
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Introduction: The adipose tissue play an important role in regenerative medicine as a source of regenerative cells. In addition to deriving stem
cells from adipose tissue, as from other cell niches, the possibility of adipose dedifferentiation has also recently been considered. According to
the last published papers, cells obtained by the dedifferentiation from adipose tissue, possess the potential to three germ layers differentiation,
clonogenic and regenerative potential.
Aim of the study: The aim of our study was the optimization of described by T. Matsumoto method to obtain without genetic modifications
dedifferenti ated cells (DFAT) from the adipose tissue remnant after enzymatic isolation of ADRC (Adipose Derived Regenerative Cells) and
received DFAT characterisation.
Methods and Results: Carried experiments confirmed that DFAT display typical fibroblasts-like morphology and MSC surface antygen profile
(flow cytometric analysis) but additionally express the panel of stemness-related transcriptional factors (SRTF - Oct3/4, Sox2, Nanog, Rex-1 Reverse transcription-polymerase chain reaction analysis) indicating less advanced stage of their development (the pluripotent, Muse or
embryonic-like feature). Their cultivation in 5% oxygen concentration comparing with 21% increases their ability to proliferate and the
efficiency of dedifferentiation.
Conclusions: The results of our experiments have indicated that mature adipocytes left after ADRC-isolation procedure could be an additional,
new source of pluripotent stem cells. Obtained in described method cells might be also responsible for natural tissue remodelling and
regeneration after injury.
The work was supported by National Centre for Research and Development grant No Strategmed 1/234261/2/NCBR/2014 and statutory
funds to MMRC No 3757/E-32/S/2016-1.
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Adipose derived mesenchymal stromal/stem cells (ADMSCs) have been reported to show an anti-fibrotic potency in a number of pre-clinical
studies. It is known that the characteristics of ADMSCs are affected by culture conditions, such as culture medium, the geometry and
composition of a cell culture surface, oxygen concentration. In this study, we focus on the effect of culture medium on the anti-fibrotic potency
of ADMSCs to inhibit the activation of human hepatic stellate cells (HSCs).
ADMSCs cultured either in the in-house formulated serum free medium (R-SF) or in conventional culture medium supplemented with 10% FBS
(MEM-S) were prepared and indirectly co-cultured with HSCs stimulated with or without TGF-β. We found that R-SF/ADMSCs but not MEM-S/
ADMSCs inhibited mRNA expression of HSC activation markers, α-SMA and collagen type I and III, in HSCs. To explore anti-fibrotic factors of
ADMSCs, we performed microarray analysis and identified 68 genes encoding secreted proteins that are expressed more in R-SF/ADMSCs than
MEM-S/ADMSCs. Among these, there were hepatocyte growth factor (HGF) and tissue factor pathway inhibitor (TFPI). Interestingly, both
recombinant TFPI and HGF significantly suppressed the expression of HSC activation markers. The results indicate that the anti-fibrotic potency
of ADMSCs can be modified by culture medium. They also suggest that HGF and TFPI play an important role in the anti-fibrotic potency of
ADMSCs.
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DFAT (dedifferentiated Fat) Cell is established from mature adipocytes and has been studied its character for clinical application. DFAT cells
are multipotent mesencymal stem cells established by culture the terminally differentiated adipocytes. Under culture, fat, cartilage, bone, blood
vessel, smooth muscle can be easily differentiated from DFAT cells. Although skeletal muscle induction is also reported, it is only when
methylation is changed by 5-azacytidine treatment, and efficiency was not high.
For the lineage of mesenchymal stem cells related to the adipocytes, it has been suggested that cells expressing Myf5 differentiate into
skeletal muscle and brown adipocytes (WAT), while Myf5 negative cells differentiate into white adipocytes (BAT) and beige/Bright adipocytes.
It is known that beige/Bright could be induced from WAT. In addition, muscle satellite cells have multipotency and are known to differentiate
into muscle, bone and fat. Therefore, it is suggested that skeletal muscle and adipose stem cells can be transdifferentiated from each other.
The purpose of this study was to investigate the conditions for skeletal muscle induction from DFAT cells by using the following approach. 1)
Establish DFAT from BAT and induce skeletal muscle. So far DFAT has been established only from white adipocytes. 2) induce skeletal muscle
by guiding established DFAT cells to become beige/Bright or BAT. First of all, DFAT mesenchymal stem cell positioning was clarified by
molecular analysis.
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A case of stroke exhibited significant recovery of neurological functions by adipocyte-derived stem cells
transplanted intravenously
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Background: Mesenchymal stem cell (MSC) transplantation has been reported to effectively improve neurological function impaired by stroke
and other neural injuries by experimental and human clinical studies, although we have not set up a standardized method to treat stroke
patients with different age, location and severity in the brain, and the time duration before starting treatment after the onset of stroke.
Methods: Efficacy and safety of autologous adipocyte-derived stem cells (ADSCs) transplanted intravenously on 48-year-old male patient
suffered from stroke two years ago and treated continuously with conventional medicines and a short term rehabilitation program, and he had
dysarthria and paralysis on his right upper and lower extremities with contraction of right elbow, hands, knee and food joints. His neurological
functions were evaluated by NIHSS and Video movie. 0.61 x 108 cells were administered intravenously by drip infusion on December 16, 2017.
Results: His neurological abnormalities were significantly improved one hour after the end of infusion and more apparently recovered the
movement of his right arm and leg 24 h after the treatment. His articulation disorder was also improved. NIHSSs before and after one hour and
one day ASDCs transplantation were 15, 6 and 6, respectively.
Conclusions: The present study of the application of ADSCs on a stroke patient suggests a potent therapeutic efficacy of autologous
adipocyte-derived stem cell treatment of stroke patients who have suffered long years, although we need at least hundreds of cases before
establishing and proposing standard methods of ADSCs treatment for stroke. Further, we will discuss the mechanism of effective recovery of
disturbed nerve function, based on in vitro culture study using neuronal cells and allogenic adipocyte stem cells.
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Stem cells in bone regeneration, a systematic approach and pilot study in humans

Cecilie Gudveig Gjerde1，Kamal Mustafa1，Solve Hellem1，Mohammed Yassin1，Aymen Ahmed1，Markus Rojewski2，Hubert Schrezenmeier2，
Pierre Layrolle3
University of Bergen, Norway，2 4Institute of Transfusion Medicine, Ulm University, Ulm, Germany; Institute for Clinical Transfusion Medicine and Immunogenetics Ulm, Red Cross Blood Service
Baden-Württemberg - Hessen, Germany，3INSERM, UMR957, Nantes, France; Université de Nantes, Nantes Atlantique Universités, Laboratoire de Physiopathologie de la Résorption Osseuse et
Thérapie des Tumeurs Osseuses Primitives, Nantes, France
1

Aim: To reconstruct the atrophied posterior alveolar mandibular ridge using biomaterial and autologous bone marrow derived stem cells and
to insert an implant into the new bone in a prosthetically guided position.
Material and method: Eleven patients presenting with the need of an implant retained restauration in the posterior mandibula and an alveolar
ridge of maximum 4.5 mm width.
A clinical examination, x- rays and Cone Beam CT is accessed. A sample of the patients` bone marrow is extracted from the posterior alveolar
ridge, immediately shipped to the collaborating GMP cell laboratory for cell expansion, and returned after 21 days. The stem cells mixed with
Bi Calcium Phosphate are then used to augment the alveolar ridge. The material is covered with a titanium reinforced membrane before
closure of the site. After four to six months a bone biopsy is performed and implants are installed in the regenerated bone.
Results: At present time, 11 patients have had the stem cell augmentation, and all the patients have implants installed. Excellent primary
implant stability was confirmed using the Ostell device. Histology and Micro-CT revealed excellent results.
Conclusion: This pilot study indicate that the use of bone marrow derived stem cells in the applied protocol for augmentation of the
atrophied mandibular ridge have results comparable to the gold standard; autologous bone transplantation.
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Stem cell-based therapies for neuro-muscular degenerative disorders: today and tomorrow
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Recent insights into stem cell (SC) biology promise the regeneration of damaged organs. Stem cells (SCs) have the capability of self-renewal
and differentiation into a wide range of cell types with various potential clinical and therapeutic applications. SCs are providing hope for many
diseases that are currently in need of effective therapeutic methods, including neurodegenerative disorders like; stroke, amyotrophic lateral
sclerosis, Alzheimer’s disease, Parkinson’s disease and as well as muscular dystrophy disorders like Duchene Muscular Dystrophy and Facioscapulo-humeral Muscular Dystrophy. For this aim, numerous pre-clinical studies have been achieved and or in progress on different types of
stem cells including, induced pluripotent stem cell (IPS), embryonic stem cell (ESC) and neural stem cells. But there are some complications on
the clinical utilization of SCs, due to the reason of ethical issues and especially because of the risk of formation of teratomas via IPSs and ESCs.
For this reason, as we glance to the clinical trials ongoing nowadays, we see that mesenchymal stem cells (MSCs) are studied intensely on
clinical applications. MSCs attracted particular interest because of their ease of isolation, characterization, apparent multipotency and
pleiotropic effects. MSCs are capable of self-renewal and differentiation into specialized cell types and thus have the potential to promote
organogenesis, tissue regeneration, maintenance and repair. In addition to their capability of regulating inflammation, they can promote other
beneficial effects, such as neuronal growth, decreasing free radicals, reducing apoptosis and releasing different neurotrophic factors which can
assist the endogenous regeneration of the injured region. MSC studies in various disease models, including cardiovascular and
neurodegenerative disorders, demonstrated their efficacy in attenuating organ injury. Currently, more than 700 human clinical trials employing
cell therapy for the treatment of diverse diseases, including cardiac, neurologic, immune and respiratory conditions, are ongoing or completed.
The results of clinical trials carried out for the treatment of various diseases, especially including neuro-muscular degenerative disorders, via
application of MSCs derived from different tissues and manufactured in our own GMP facility, will be introduced in the presentation.
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Construction of TRAIL-Expressing Stem Cells for Treating Human Prostate Cancer
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Genetic-engineered stem cells are useful on various bioenmedical fields such as disease treatment and tissue engineering. A prerequisite to
success on these applications is the development of efficient and safe gene delivery tools. To this end, we’ve developed a novel polyplex/
nanoparticle ternary (PNT) system comprising of cationic polymers, plasmid DNA (pDNA), and magnetic nanoparticles for efficient gene delivery
on human mesenchymal stem cells (hMSCs). The PNT nanocomplexes, with particle size of ~200 nm, were formed via electrostatic
interactions. Comparing to the cationic polyplexes, the magnetic-assisted PNT-mediated gene delivery showed improved cellular internalization
(> 3 times) leading to enhanced gene transfection efficiency while maintaining good cell viability (>90%). It was noted that PNT-mediated gene
delivery did not cause detrimental effects on the differentiation capability of hMSCs. TNF-related apoptosis inducing ligand (TRAIL) is an
apoptosis inducing protein highly specific to human cancers such as hepatocellular carcinoma, glioma and prostate cancers. PNT-mediated
gene delivery was utilized to construct TRAIL-expressing hMSCs (TRAILhMSCs). Effects of TRAILhMSCs on triggering prostate cancer cell apoptosis
were demonstrated in vitro. Effective cancer cell death induced by TRAILhMSCs was via the activation of caspase 3 pathways. TRAILhMSCs, similar
to the unmodified hMSCs, were capable of migrating into prostate cancer spheroids. Significant tumor suppression by TRAILhMSCs was
successfully demonstrated on human prostate cancer xenograft model.
Acknowledgments:
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Introduction: Despite significant therapeutic advances, it is still a significant challenge to manage massive scar tissue formation while also
promoting normal wound healing. The goal of this study was to investigate the therapeutic effect of bone mesenchymal stem cells (BMSC)
expressing transforming growth factor-beta 3 (TGF-β3), an inhibitor of myofibroblast proliferation and collagen type I deposition, on fullthickness cutaneous wound healing in a rabbit model. Materials and Methods: Twenty-four rabbits with surgically-induced full-thickness
cutaneous wounds created on the external ear were randomized into four groups: (G1), wounds with no special treatment but common serumfree culture medium; (G2), topically-applied recombinant adenovirus, expressing TGF-β3/GFP; (G3), topically-applied BMSC alone; (G4),
topically-applied BMSC transfected with Ad-TGF-β3/GFP (BMSCTGF-β3); and (G5), an additional normal control (n=2). The sizes of wounds on
the ear tissues were grossly examined, and the scar depth and density of wounds were histologically evaluated 21, 45, and 90 days after
surgical wound creation.Results: The wound scar size and density significantly reduced in BMSCTGF-β3 group, compared those in G1-3. Numbers
of cells expressing GFP significantly increased in G4, compared to G2. The protein expression of TGF-β3 and type III collagen in G4
significantly increased, while the ratio of type I to type III collagen was also significantly reduced at each time points after treatments,
compared the other treatment groups.Conclusion: BMSC expressing TGF-β3 remarkably improves wound healing and reduces skin scar tissue
formation in an animal model, which may potentially provide an alternative in the treatment of extensive scar tissue formation after soft tissue
injury.
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Cellularized  silver‑pig skin nanocomposite as promising antibiofilm cellular dressing for wound healing
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Treatment of severe or chronic skin wounds is an important challenge facing medicine. Wound healing is often affected by bacterial infection,
where biofilm formation is one of the main risks and particularly problematic because it confers protection to microorganisms against
antibiotics.
One avenue to prevent bacterial infection of wounds is the use of silver nanoparticles (AgNPs), which have proved to be effective against nonmultidrug-resistant and multidrug-resistant bacteria. Besides, mesenchymal stem cells (MSC) could be an option to improve wound healing due
to their capability for differentiation and release of growth factors. Radiosterilized porcine skin (RPS) is a biological scaffold successfully used as
wound dressing to avoid water loss, and we have demonstrated can be use as a carrier to deliver MSC into wound beds.
We propose this three componenst AgNPs, RPS and MSC as a potential dressing to control, prevent bacterial infection and enhance skin
regeneration. We synthesized stable 10 nm-diameter spherical AgNPs that showed 21- and 16-fold increase in bacteria growth inhibition (in
comparison to antibiotics) against clinical strains Staphylococcus aureus and Stenotrophomonas maltophilia, respectively. RPS samples were
impregnated with different AgNPs suspensions to develop RPS-AgNPs nanocomposites with unlike AgNPs concentrations. Nanocomposites
showed inhibition zones, in Kirby–Bauer assay, against both clinical bacteria tested.
Nanocomposites also displayed antibiofilm properties against S. aureus and S. maltophilia from RPS samples impregnated with 250 and 1000
ppm AgNPs suspensions, respectively. MSC were isolated from adipose tissue and seeded on nanocomposites; cells survived on
nanocomposites impregnated with up to 250 ppm AgNPs suspensions, showing 35% reduction in cell viability, in comparison to cells on RPS.
Cells on nanocomposites proliferated during culture days, although the number of MSC on nanocomposites at 24 h of culture was lower than
that on RPS. AgNPs with better bactericide activity than antibiotics were synthesized. RPS-AgNPs nanocomposites impregnated with 125 and
250 ppm AgNPs suspensions decreased bacterial growth, decreased biofilm formation and were permissive for survival and proliferation of
MSC; constituting promising multi-functional dressings for successful treatment of skin wounds.
Authors declare no conflict of interest
CONACYT Projects:262103 and 262404. IAEA No. 18278/R2.
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Near infrared region-II (NIR-II) in vivo fluorescence imaging of transplanted stem cells labeled with quantum
nanomaterials
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We investigated the usefulness of the fluorescence in near infrared region-II (NIR-II: over-1000 nm) as the second biological window, showing a
very high optical transparency to the body 1, for in vivo imaging of transplanted stem cells. The fluorescence in NIR-II range under 980 nm
excitation was detected by using a portable in vivo fluorescent imaging system (SAI-1000, Shimadzu). Yttrium oxide and yttrium-based
nanoparticles (Y2O3-PEG-PA2 and NaYF4-PEI) were prepared and were used as over-1000 nm NIR fluorescent nanoparticles. The fluorescence
intensity of the nanoparticles was measured in the transduction medium (FD medium + 20% FBS). The efficiency of the cellular uptake was
investigated using adipose tissue-derived stem cells (ASCs) collected from C57BL/6 mice. The ASCs labeled with the nanoparticles were
transplanted subcutaneously into the backs of mice or into mice through the tail vein. The strong NIR-II fluorescence derived from Y2O3-PEG-PA2
and NaYF4-PEI could be detected in the transduction medium by using SAI-1000. ASCs could be labeled with both nanoparticles of Y2O3-PEGPA2 and NaYF4-PEI, however the labeling efficiency of NaYF4-PEI was much higher than that of Y2O3-PEG-PA2. Thus, NaYF4-PEI was used for in
vivo fluorescence imaging of transplanted ASCs. The subcutaneously transplanted ASCs labeled with NaYF4-PEI (> about 6,250 cells) could be
detected on the back of mice with the high efficiency in comparison to previous method using QDs. Next, the transplanted ASCs labeled with
NaYF4-PEI through tail vein could be detected in the lungs and liver in mice as with previous results. On the other hand, the accumulation of
transplanted ASCs into spleen could be confirmed, which was previously undetectable. These data suggested that in vivo fluorescence imaging
by using NIR-II fluorescence is useful for detecting and diagnosis of transplanted stem cells.
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Vascularized human “fat-on-a-chip” model to recapitulate and study adipose tissue expansion and angiogenesis
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1
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Obesity has become a significant public health concern worldwide because it is associated with the increase of the diabetes mellitus type II
incidence and other chronic diseases. This pandemic, for which no effective treatments exist, affects both children and adults and continues to
increase in prevalence and severity [1]. Dysfunction of the vasculature may contribute to the growth of the adipose tissue and the promotion of
metabolic perturbations. Recent evidence highlights that modulating adipose tissue vasculature in obesity might be a potential therapy for early
and late stages of obesity [2]. However, even if the native adipose niche has been well characterized, little is known about the mechanisms
involved in adipose tissue angiogenesis.
We present the development of a “vascularized fat-on-a-chip” that can be useful to study the complex role of the adipose tissue angiogenesis
[3]. Co-cultures of human preadipocytes and adipose-derived mesenchymal stem cells are allowed to grow and differentiate into adipocyte in
soft fibrin gels. Cells after 2 weeks in adipogenic differentiation are capable of recruiting endothelial cells (ECs) seeded into the chip at a later
time in a manner of neovessel sprouting promoted by stromal fibroblasts. Cell composition, density, and oxygen tension and interstitial flow
modulated ECs sprouting. Additionally, Triacylglycerols accumulation demonstrated that adipocytes retained their metabolic levels after eight
weeks. When co-culturing together, hASCs and preadipocyte showed improved functionality and macro-structural morphology under the
microscope.
The fat-on-a-chip with vasculature presented will serve to study the metabolic functionality of adipose tissue and its microvasculature. The
future works may extend out the studies from the healthy to different pathological states such as morbidity obesity or diabetes type 2.
[1] Yilmaz, Mustafa, and Gökhan S. Hotamisligil. "Damned if you do, damned if you don’t: the conundrum of adipose tissue vascularization." Cell
metabolism 17.1 (2013): 7-9.
[2] Robciuc, Marius R., et al. "VEGFB/VEGFR1-induced expansion of adipose vasculature counteracts obesity and related metabolic
complications." Cell metabolism 23.4 (2016): 712-724.
[2] Benam, Kambez H., et al. "Engineered in vitro disease models." Annual Review of Pathology: Mechanisms of Disease 10 (2015): 195-262.
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Multicellular Spheroids for Cartilage Tissue Engineering: High-throughput Cell Encapsulation in Microdroplets
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1

Osteoarthritis and other musculoskeletal disorders affect a large proportion of the aged population worldwide. Cartilage tissue engineering
approaches have emerged to replace invasive surgical techniques aiming to restore hyaline articular cartilage. Human bone marrow stromal
stem cells (hBMSCs) offer promising self-renewal capacity and the potential to induce differentiation into cartilage tissue. However, their
application is hindered by subpopulation heterogeneity and development of mechanically inferior fibrocartilage or the hypertrophic
chondrocyte phenotype. The current study provides proof of concept for the implementation of droplet microfluidics for functional assessment
of cell aggregates with the goal of high-throughput screening and sorting of subpopulations with high chondrogenic potential for cartilage
tissue engineering.
PDMS microchips were designed through rapid prototyping techniques. The chips enabled the generation of droplets with mean equivalent
diameters between 50 and 1000 µm by varying channel dimensions and flow rates. The ATDC5 murine cell line was used for experimental
optimisation due to its chondrogenic ability. Preliminary studies on chip with these cells validated cell aggregation and viability in
microdroplets. Off chip, we conducted in vitro assays on 500 to 500000 cell spheroids to cover relevant figures for microfluidics and pellet
culture. Time-lapse studies revealed cell aggregation in ultra-low adherence microplates after 6 h for ATDC5 and 12 to 24 h for hBMSCs. Whilst
ATDC5 spheroids underwent substantial cell growth (final diameters ranging 1.94 ± 0.09 – 4.04 ± 0.04 mm, n = 3) over 21 days of culture,
the opposite trend was observed for hBMSCs (0.39 ± 0.05 – 3.02 ± 0.11 mm, n = 2). Immunofluorescence stainings showed maintained SOX9
expression in ATDC5 spheroids with increasing Type II collagen synthesis for both cell types. In contrast, SOX9 expression saw a slight
reduction in hBMSCs from day 7 to day 21, suggesting correlation with spheroid size changes.
This work confirms the potential of droplet microfluidics for culturing multicellular spheroids as vehicles for chondrogenesis. The application of
this platform for cell aggregation, short-term culture and sorting on the basis of early stage functional markers opens new prospects for
harnessing hBMSCs for cartilage tissue engineering.
Acknowledgements
This research work was supported by Arthritis Research UK.
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Study of Pericytes potential for bone repair in a perfusable 3D microvascularized model

Sophie Verrier1，Ana Rita Pereira1,2，Laurent Barbe3，Mauro Alini1
AO Research Institute Davos，2Orthopedic Center for Musculoskeletal Research, Würzburg, Germany，3CSEM Landquart, Switzerland
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Bone regeneration relies on adequate vascularization. Pericytes (PCs) are located on the outside of capillaries, play a pivotal role in blood
vessel formation, show multilineage plasticity [1] and are suggested to contribute to regenerative processes. Little is known about their
response to paracrine signal in vivo. Microfluidic technologies have shown the potential to closely mimic the vascular microenvironment and
represent an alternative to animal models [2]. We developed a microfluidic microvascular network comprising PCs and human umbilical vein
endothelial cells (HUVECs) in a hydrogel. We aim to investigate the potential role the perivascular cells in response to bone injury signals in a
close to physiology environment.
The microfluidic platform comprises three different parts: a glass slide stage, a polycarbonate chamber including two capillary guides and a
PDMS lid. After polymerization of type I Collagen gel, two parallel microvascular channels are generated by retraction of micro-capillaries. Each
channel is connected to a reservoir of endothelial growth medium perfused using a micro-pump, injected with GFP-HUVECs and PKH-prestained PCs, and perfused under physiological conditions ( ≤10 µl/min). Observations are performed using a time-lapse microscope.
The created channels showed regular and stable shape (2 mm length, 150 µm diameter) in static and perfusion conditions. The seeding
procedure and perfusion conditions allowed for good cell viability and efficient endothelialization of the channel. In parallel, we identified
potent mobilization factors (injury, inflammation) and optimized concentration for PCs mobilization in a 2D co-culture system.
We successfully produced an on-chip perfuseable microvascular network. Next, pericyte behaviour and mobilization will be monitored in
response to bone injury related factors.
1 Crisan M et al, A perivascular origin for mesenchymal stem cells in multiple organs. Cell Stem Cell 2008. 3:301-313.
2 Barbe L et al, In vitro models to mimic endothelial barrier ATLA 2015. 43:34-36
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Multipotent mesenchymal stromal cells more effectively suppressed allogeneic activated T cells in vitro at tissuerelated oxygen level

Aleksandra Nikolaevna Gornostaeva，Polina Ivanovna Bobyleva
Cell physiology lab., Institute of Biomedical Problems of RAS, Moscow, Russia

Immunosuppression and low immunogenicity make possible the allogeneic application of multipotent mesenchymal stromal cells’ (MSCs). The
influence of MSCs on T cells is of particular interest. The oxygen level is the most important milieu cue regulated MSCs and its interaction with
immune cells. The MSCs’ niche and the eventual sites of interaction with T cells are characterized by 1-7% O2 - "physiological" hypoxia. Here
we examined the effects of MSCs on mitogen-activated T cells under standard (20%) and tissue-related (5%) O2.
After interaction with MSC, the viability of T cells remained at a high level. The cytokine profile of the co-culture was shifted towards antiinflammatory: the production of IL-10 increased, and TNF-alpha, IL-8, IL-6 decreased. T cell subpopulation ratio was changed: the share of
suppressor/cytotoxic (CD3+/CD8+) decreased, while NKT (CD3+/CD16+56+) increased. The early activation of T cells was elevated after
interaction with MSCs: the share of CD3+/CD25+ and CD3+/CD69+ cells was increased. In the presence of MSCs the late activation marker
HLA-DR, which expression on immune cells leads to their involvement in the "graft versus host" reaction was decreased. MSCs significantly
suppressed T cell proliferation.
Upon interaction with MSCs, PCR analysis of T cells showed an up-regulation of genes involved in the immune response modulation: PDCD1,
Foxp3, TGFβ1, IL10, and down-regulation of pro-inflammatory genes: IL2 and IFNG. The expression of CCL3 causing migration was upregulated. "Physiological" hypoxia did not affect functional state and transcriptional activity of monocultured T cells except of the downregulation of IL2, CCL3, and Foxp3 genes, while MSC immunosuppression was increased. The suppression of T cell proliferation was more
pronounced; up-regulation of PDCD1, Foxp3, IL10 was more expressed. The increase of T natural killers share was less marked. Expression of
IFNG in contrast to 20% O2 did not change.
Thus, the ability of MSCs to modulate the immune response is not only preserved under "physiological" hypoxia, moreover the
immunosuppressive activity against T cells is enhanced. These findings are significant to elucidate the MSC functions in local microenvironment
as well for protocols of cell therapy and regenerative medicine.
The work was supported by grant RFBR 18-015-00461 and Program fundamental research of IBMP
The authors have no conflict of interest
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The regulation of lamin A/C in a 3D environment
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Mesenchymal stromal cells (MSCs) use a complex signal transduction chain, translating environmental signals from the ECM to the nucleus
through focal adhesions and cytoskeleton dynamic modifications, to change their phenotype in response to the environment. Lamin A/C forms
a protein meshwork under the nuclear membrane and plays a key role in transducing mechanical signals from the cytoskeleton to gene
regulatory machinery in the nucleus. However, the regulation of lamin A/C expression and its role in cells’ ability to respond to a 3D
environment is not well known. Here, we show that the expression of lamin A/C changes when MSCs are subjected to a 3D environment, in
additive manufactured or electrospun scaffolds. This change is functional, as the lower lamin A/C expression leads to improved migration
through small pores, due to a more flexible nucleus. Cell density influences lamin A/C expression, but this does not account for the observed
differences between 2D and 3D cell culture systems. With knock down experiments, we are currently analysing the correlation between lamin
A/C expression and focal adhesions in MSCs in both scaffold systems compared to 2D cultures. Further investigations into the interplay
between focal adhesion, mechanosensitive proteins and lamin A/C are currently being investigated. This data can be used to better
understand mechanosensitive signalling and cell behaviour in a 3D environment and potentially advance regenerative medicine approaches
using 3D constructs.
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An Enzyme Mediated Gelatin Hydrogel for Human Adipose-Derived Stem Cell Spheroids Culture and Guided
Differentiation   
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1

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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Chondrogenic potential of human adipose-derived stem cells cultured onto gelatin-chitosan based hydrogels
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INTRODUCTION Adipose-derived stem cells (ASCs) represent a therapeutic source of cells for tissue engineering and cell therapy applications.
It has been demonstrated that combination of natural [gelatin (G) and chitosan (CS)] and synthetic [poly-vinyl alcohol (PVA)] biomaterials
improve mechanical properties. Human ASC cultured onto hydrogels can be used as covering or ensheathing biomaterials to promote
regeneration of cartilage and other tissues. The aim of this work was to determine the biocompatibility and differentiation of human ASCs
cultured onto G-CS-PVA hydrogels. MATERIALS AND METHODS Adipose tissue was donated from aesthetic surgeries and stromal vascular
fractions were enzymatically isolated. Cell phenotype was analyzed using mesenchymal markers and flow cytometry. Multilineage
differentiation was evaluated using high-density cultures and growth factors. Chondrogenic markers type II collagen (COL2), elastin (ELN) and
aggrecan (ACAN) were immunodetected. G-CS-PVA hydrogels were seeded with either undifferentiated ASCs, in vitro predifferentiated ASCs or
cells differentiated directly onto hydrogel. Viability was determined using Live/Death cell viability assay. RESULTS Adherent cells were isolated
from stromal fraction, displaying fibroblast-like morphology and highly proliferative. Cell phenotype analysis revealed CD73+ (99.24%), CD90+
(98.36%), CD105+ (97.94%), CD34- (1.16%), CD45- (0.37%) and HLA-DR- (0.13%). Lipid vesicles formation (adipogenic) and calcium deposits
(osteogenic) were observed. Alcian blue staining revealed synthesis of a proteoglycan-enriched ECM typical of cartilage, thus confirming
mesenchymal stemness. Chondrogenic-induced ASCs expressed COL2, ELN and ACAN after 21 days induction. Cell viability of undifferentiated
MSC seeded onto G-CS-PVA hydrogels was >95%. Interestingly, ASC directly differentiated to chondrogenic lineage onto hydrogels formed a
monolayer that covered uniformly the entire surface with a >90% viability. In contrast, predifferentiated ASC that were subcultured onto
hydrogels displayed poor adhesion to the surface. DISCUSSION This research establishes the potential and plasticity of ASCs for being cultured
and differentiated onto G-CS-PVA hydrogels. The properties of this material in combination with ASCs, besides cartilage regeneration, make it a
strong candidate for the development of wound dressings. ACKNOWLEDGMENTSFunding by CONACyT Mexico; Grant SALUD-2014-234073
and SALUD-2015-01-262404
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Development of Carriers for Mesenchymal Stem Cell (MSC) Therapy
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Mesenchymal stem cells (MSC) can differentiate into a variety of cells such as chondorocytes, osteocytes, smooth muscle cells, chondrocytes,
blood vessels, etc.. MSCs have high differentiation and self-renewal abilities, not only directly contributes to tissue formation but also has the
effect of curing damaged site by releasing regeneration promoting factor of cell called cytokines and immunosuppressive factors. When MSC is
used for cell therapy, it is dissipated immediately even if transplanted as it is to the local site. In addition, when it is put into the body by
intravenous injection, it gathers in the lungs, gives out cytokines therefrom, and encourages cardiovascular regeneration, but there are cases in
which pulmonary embolism has occurred depending on the number of cells.
Therefore, in order to increase the effect of cell therapy, it is preferable to use a method in which MSC is kept in some kind of scaffold or
carrier and administered locally, and the cytokine released for a certain period is used therefrom. It is necessary to develop an appropriate
carrier that has biodegradability, biocompatibility, and high cell retention ability, so that it does not impair cell differentiation or cytokine
production ability.
In this study, we used dedifferentiated fat (DFAT) cells developed at Nihon University as MSC for cell therapy, and used poly lactic-co- glycolic
acid: PLGA as a candidate material for carieer. We examined how adhesiveness of DFAT and cytokine productivity change with this method by
coating on the plate surface with gelatin, lysine, lectin or the like. The target genes are Gapdh (endogenous control), Vegfa, Vegfb, Hgf, Pdgfa,
Tgfa, etc.
The cell adhesion to the PLGA plate (diameter: 5 mm) in culture was better in lysine and gelatin coated samples than for samples without
coating. As a result of Q-PCR, high expression of the growth factor vegfa was confirmed in the lysine-coated sample, but high expression of this
gene could not be confirmed in the gelatin-coated sample. Therefore, it was suggested that lysine is more suitable for coating. In addition, we
are prepareing designed 3D PLGA scaffolds.
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Effects of astaxanthin in gelatin-methacryloyl (GelMA) scaffolds on proliferation of adipose-derived stem cells
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Recently, marine derived materials have been widely used in tissue engineering and regenerative medicine owing to its excellent bioactivity,
wide availability, and high cost-effectiveness. Astaxanthin (ASX) is a marine pigment obtained from algae haematococcus pluvialis, which is
highly antioxidant and supports immune response. Also, it has been reported that astaxanthin can upregulate proliferation-related transcript
factors. Therefore, in this study, we fabricated ASX-included gelatin-methacryloyl (GelMA) scaffolds to demonstrate the effects of ASX on the
proliferation of adipose-derived stem cells in the tissue-engineered constructs. Specifically, astaxanthin with various concentrations (0, 10 ng/
mL, 100 ng/mL, 10 ㎍ /mL, 100 ㎍ /mL) was mixed with GelMA hydrogel and encapsulated with rabbit adipose-derived stem cells. Furthermore,
the cellular proliferation in GelMA scaffolds with and without ASX was assessed using the Alamar blue assay, quantitative PCR, and western
blot analysis. The experimental results indicate that ASX can enhance proliferation and viability of adipose-derived stem cells in the appropriate
rheological conditions. Therefore, the suggested approach has a great potential to overcome the limitations related to stem cell viability in
preclinical and clinical applications of regenerative medicine.
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Vessel growth and bone formation depend on surface micromorphology of 3D-scaffolds
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Currently, a great number of factors, which influence the cell behavior and bone formation at the injury site when using scaffolds are known.
Those factors include the scaffold material, mechanical characteristics, surface roughness, porosity and many others. In this study, we focused
on a different basic parameter affecting the cell behavior - the surface structure of a scaffold. We have tested a number of two-photon
polymerization scaffolds from branched polylactides with gradually vary the roughness of the formed submicron surface. Application of
polymers with short arms or introduction of a low molecular cross-linking agent leads to formation of a nanoscale-uniform surface containing
pores with a less than 1 μm in diameter. In our study, the mean roughness of the scaffolds’ surface, total porosity, the number and highest
depth of the pores varied depending on the polymer chain length. Indeed, we have shown that the number of attached MSC significantly
grows, and the osteogenic differentiation is more pronounced on the scaffold structures with a higher roughness values. According to the
results of biological testing of scaffolds, a sample with the optimal surface micromorphology was selected, which was subsequently implanted
into a created cranial defect in a mouse for in vivo assessment of the bone tissue formation and autofluorescence analysis of scaffold
degradation. In vivo experiments have shown that, by week 10, deposition of calcium phosphate particles in the scaffolds with a higher
porosity and roughness values at the defect site, as well as, the formation of new bone and ingrowth of blood vessels from the surrounding
tissues occur. The structure of the newly formed bone is similar to the native bone tissue: plates of the compact substance at the edges with
large lacunae in the center filled with the sponge bone substance containing channels for blood vessels.
This work was supported by Russian Science Foundation grant 17-75-20178.
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Mechanobiological regulation of stem cell function and tissue regeneration by nanotopographical extracellular
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Stem cells reside within instructive and tissue-specific niches in the body, such as complex and controlled biochemical mixtures of soluble and
insoluble factors. In particular, it is widely accepted that stem cells display high sensitivity to the extracellular matrix (ECM) composed of
complex and well-defined nanostructures of protein fibers such as fibrillar collagens and elastins with feature sizes ranging from tens to several
hundreds of nanometers, suggesting that the use of nanotopographical cues hold great potentials to control stem cell functions. The structure
of the natural ECM in various tissues including bone, tooth, nerve, skin, muscle, and heart usually reveals highly oriented grooved structures
with various length scales in nanometers. Inspired by such ultrastructural observations, we designed and fabricated nanogrooved matrices with
various groove densities using ultraviolet-assisted capillary force lithography. We demonstrated that the defined nanotopographical density
would provide unique topographical cues to control the morphology and function of stem cells.
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Influence of carboxymethylcellulose hydrogel as a porogen agent to acrylic bone cement on physicochemical
properties and in vitro cell responses
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Introduction: Polymethylmetacrylate (PMMA) bone cements are commonly used in orthopaedic surgery for more than 50 years. Recent studies
revealed the importance of material surface topography to modulate basic cell behavior, such as proliferation, migration and differentiation. In
this work, we therefore sought to modify PMMA surface roughness with a porogen agent and examine whether and how cells respond to this
modification.
Materials and methods: 9% w/v carboxymethylcellulose hydrogel (CMC) was used as a porogen to modify surface roughness of commercially
available PMMA. Chemical and morphological modifications of the bone cement surface were characterized by scanning electron microscopy
(SEM) and light microscopy, measurements of water drop contact angle, differential scanning calorimetry (DSC) and Fourier transform infrared
(FTIR) spectrometry. Then, cytotoxicity of PMMA-CMC towards human mesenchymal stem cells (hMSCs) was tested in vitro by using the extract
test according to the ISO 10993-5 standards. Additionally, ability of PMMA-CMC to support hMSCs adhesion and proliferation was assessed.
Results: Addition of CMC hydrogel to commercially available PMMA creates pores ranging from 100 to 180µm. Spectrometric analysis reveals
that porous PMMA exhibits the same characteristics bands as compared to the nonporous control material. Glass transition temperature (Tg) is
unchanged, but surface wettability is higher in porous PMMA than in conventional PMMA. For cytotoxicity study, hMSCs were cultured in
medium containing extracts from PMMA-CMC scaffolds. Cell viability in extract medium is comparable to blank controls and higher than
cytotoxic controls. Presence of pores in PMMA greatly increases hMSC adhesion on this polymer. However, proliferation of hMSCs cultured
onto PMMA-CMC pastilles seems to be impaired as compared to cells grown on conventional PMMA or plastic flask. Since porous PMMA is
cytotoxic free and modulates cell responses in vitro, it would be interesting to test the influence of porous PMMA in vivo, in a bone defect
rodent model.
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The role of MMP-13 in remodeling of type I collagen during osteogenic differentiation of human adipose-derived
stem cells

Yoshie Arai，Bogyu Choi，Byoung Ju Kim，Sunghyun Park，Hyoeun Park，Deogil Kim，In-bo Han，Soo-Hong Lee
Department of Biomedical Sciences, University of CHA, Seoul, Korea

Matrix metalloproteases (MMPs) are essential for the intra- and extra-cellular biology of stem cells, such as proliferation, survival,
morphogenesis, and differentiation through extracellular matrix remodeling. Type I collagen (Col I) is a major component of bone tissues, which
is known to promote osteogenic differentiation of human adipose-derived stem cells (hASCs). It has been proven that cell-matrix interaction
plays an important role in osteogenic differentiation of hASCs. In this study, we evaluated that the expression of MMPs and integrins during
osteogenic differentiation in presence of Col I. As a result, Col I triggered the high level of expression of MMP-13 and ITGA3. Col I also induced
RUNX2 translocation into nucleus. It is known that RUNX2 is transcription factor which bind to MMP-13 promoter. We suggest that MMP-13
initiated and enhanced osteogenic differentiation of hASCs through the activation of focal adhesion molecules including ITGA3 in the presence
of Col I. Furthermore, nuclear translocated RUNX2 by hASCs-Col I interaction will regulate MMP-13 expression. Consistent with in vitro
experiment, osteogenic capacity of MMP-13 overexpressed hASCs was increased in the presence of a Col I after mouse subcutaneous
transplantation. These results collectively suggest that hASCs-Col I interaction can enhance osteogenic differentiation both in vitro and in vivo
through Col I/MMP-13 positive feedback loop.
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Live Detection of a Fluorescent Myogenic Factor to estimate its Nuclear Import Flow in Mesenchymal Stem Cells
growing in the 3D “nichoid” culture substrate

Lucia Boeri1，Emanuela Jacchetti1，Alessandro Negro3，Diego Albani2，Manuela Teresa Raimondi1
Department of Chemistry, Materials and Chemical Engineering "Giulio Natta", Politecnico di Milano, Milan, Italy，2Department of Neuroscience, IRCCS - Istituto di Ricerche Farmacologiche
Mario Negri, Milan, Italy，3Department of Biomedical Sciences, University of Padua, Padua, Italy
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INTRODUCTION: Mesenchymal stem cells (MSCs) are adult cells able to differentiate into multiple lineages. The niche, in which MSCs reside,
subjects cells to mechanical stimuli that trigger differentiation pathways. To mimic the MSC natural niche, we developed a 3D synthetic niche
culture substrate, namely the “nichoid”1. This promising 3D substrate architecture induces a nuclear roundish shape and maintains stemness
properties1. Our hypothesis is that mechanical constraints imposed to cells influence the nuclear pore complex structure altering the import
rate of transcription factors (TFs) involved in cellular fate programming.
AIM: To design a fluorescent transcription factor involved in MSC differentiation with the purpose to compare its nuclear import rate into living
MSCs cultured in the 3D nichoid versus a flat substrate.
METHODS: Myod is a transcription factor and promotes myogenic MSC differentiation. To detect its nuclear import, we designed four variants
of MyoD in which we fused the myogenic factor to different forms of the green fluorescent protein (GFP): (-30)GFP-MyoD, paGFP-MyoD,
mEOS3.2-MyoD, PAmCherry-MyoD. We used Fugene® HD transfection reagent (Promega Corporation) to internalize the recombinant vector in
MSCs extracted from rat bone marrow (rBM-MSC). To select the best MyoD variant, we analyzed the protein expression and localization by
fluorescence confocal microscopy and we evaluated the transcription promoting activity by Real-Time PCR (Applied Biosystem TaqMan assay)
and Western blotting. Nuclear import data were acquired performing Fluorescence Recovery After Photobleaching (FRAP) measurements by
fluorescence confocal microscopy. The data were analyzed by comparing MSCs cultured into the nichoid versus cultured in a 2D multi-well
plate.
RESULTS: Considering the confocal microscopy analyses and target genes expression levels (Myog, Des, Ckm, Cdh15) determined by MyoD
activity, the variant that best maintains the properties of the native MyoD and is better suited for the intracellular fluorescence detection is
paGFP-MyoD. Preliminary data on nuclear import in rBM-MSCs transfected with native GFP showed a lower level in terms of velocity of nuclear
import in the case of cells cultured in the nichoid, consistently with our hypothesis of an altered import rate of the MyoD TF in function of the
cell morphology.
REFERENCES: 1. Nava M et al. Stem Cell Res Ther 7:132, 2016.
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Oxygen-driven Regulation of DNMT3B Defines Methylation Status in Human Mesenchymal Stem Cells
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Human mesenchymal stem cells (hMSC) are in multiple therapeutic applications globally as a key component of the regenerative medicine
evolution. These promising clinical outcomes however are overshadowed to an extent by remaining questions surrounding mechanism of
action, mixed populations, and lack of standardisation of culture conditions applied to their isolation. Regulated physiological oxygen
(physioxia) is a primary component of the in vivo bone marrow niche of hMSC and when applied to in vitro isolation at the 2% O2 level (vs. air
oxygen) results in an enhanced Colony Forming Unit- ibroblastic isolation frequency, improved cell numbers at P0, and lobal modification of
coding and non-coding RNA species. It remains to be determined what role epigenetics plays in defining hMSC biology either in vitro or in vivo.
We therefore sought to determine if RNA transcriptional alterations and enhanced isolation biology in physioxic isolated hMSC were
mechanistically underpinned by alterations in DNA methylation (5mC) (promoter- level and globally), DNA hydroxymethylation (5hmC)
(globally), and in alterations in RNA/protein levels of associated genes including DNMT1/3A/3B and TET1/2/3. To achieve this hMSC, from
multiple donors, were isolated from bone marrow in either air oxygen or in a fully 2% O 2 defined environment (Hypoxycool media, tri-gas
workstation) and DNA, RNA, and protein isolated at P0 for subsequent analysis.
Quantitative RT-PCR revealed significant transcriptional ownregulation of DNMT3B, TET1, and TET3 in physioxic (vs. air oxygen) P0 hMSC.
This transcriptional downregulation was accompanied by significantly reduced protein levels for both DNMT3B and TET1 as detected by
western blot. DNA-wide 5mC and 5hmC levels were significantly reduced by around 50% in physioxia isolated hMSC (vs. air). Promoter specific
pyrosequencing of target genes revealed, paradoxically, elevated, and air oxygen reversible, methylation of the DNMT3B promoter sequence
which defined transcriptional and translational DNMT3B levels.
In summary, hMSC display an oxygen-sensitive methylation burden where de novo methylation is inked to air oxygen culture and correlates
directly with transcriptional and translational regulation of the de novo methylase DNMT3B. Delineating stem cell biology under niche-like
culture conditions will ultimately enhance our understanding of mechanisms of action promoting improved hMSC-based medicines and their
application.

393

a91305

02-P205

Cell Product “Adipose Stroma-Associated Primitive HSCs” Demonstrates Immunosuppressive and Angiogenic
Capacities

Ludmila B. Buravkova，Irina V. Andrianova，Aleksandra N. Gornostaeva，Elena R. Andreeva
Institute of Biomedical Problems RAS, Moscow, Russia

Adipose-tissue derived stromal cells (ASCs) are currently considered as a full value alternative source of bone marrow MSCs. Notably, ASCs
are known to support ex vivo expansion of hematopoietic stem and progenitor cells (HSPCs). Cord blood mononuclears (CB MNCs) contain
HSPCs and are easily assessed. The rarity of those HSPCs is a serious limitation of its application in cell therapy. Ex vivo expansion enables to
amplify significantly the number of HSPCs of different commitment. Here we expanded CB MNCs in co-culture with ASCs to enrich HSPCs and
described phenotypic features of newly formed floating and ASC-associated HSPCs.
Total CD34+-HSPCs and CFUs were enriched significantly upon expansion. A part of ASC-associated HSPCs exhibited primitive phenotype
confirmed by their ability to form cobble-stone areas (CAFC). Flow cytomentry revealed two subsets of ASC-asscociated CB–derived cells: С
D90+/ С D45- and С D90+/ С D45+. The proportion of CD3+/CD8+ and NK-T as well as CD25+ and HLA-DR+ Т cells among С D90-/ С D45+ cells
was significantly higher compared to MNCs and floating HSPCs. More than 80% of CD45+/ СD90+ HSPCs were identified as late primitive
precursors (CD133-/CD34+). It is assumed that such population of primitive HSPCs is able to support long-term restoration of hematopoiesis in
vivo.
ASCs associated with HSPCs demonstrated up-regulation of immunosuppressive IDO, LIF, PTGS2 genes and effectively inhibited activation and
proliferation of allogeneic stimulated T-cells. VEGF transcription and secretion were elevated providing stimulation of blood vessel formation.
Thus, ASCs are able to support ex vivo expansion of CB HSPCs as well as retain its own reparative capacities evidencing “third tissue”
potential. Above functions expand the relevance of ASCs for needs of regenerative medicine.
This work was supported by the Program of Presidium of RAS “Basic research for Biomedicine Technology”
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Non-invasive and reversible cell adhesion and detachment through magnetic field on tunable substrate stiffness

Siu Hong Wong，Wai Ki Wong，Liming Bian
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Dynamically regulating cell-molecule interactions is fundamental to a variety of biological and biomedical applications. Herein, for the first time,
by conjugating RGD-bearing magnetic nanoparticles (MNP-RGD) to metharcrylated hyaluronic (MeHA) hydrogel as a magnetic responsive
platform, we report a simple yet versatile strategy for controlling cell adhesion/detachment reversibly and noninvasively. Specifically, the
hydrogel matrix acts as a physical barrier that hides the MNP-RGD with downward magnetic attraction. Cell detach rapidly from the hydrogel.
With upward magnetic attraction, the MNP-RGD re-expose to the cells and hence cells re-attach to the susbtrate. Through upward and
downward magnetic attraction, it leads to reversible cell adhesion and detachment. Moreover, efficient adhesion-and-detachment of cells could
be realized even after 10 cycles. Most importantly, simple, non-contact, non-invasive and switchable strategy does not cause damage toward
cells. Our work showed promising potential for in vitro dynamically manipulating cell-molecule interactions and biological process for tissue
engineering.
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Notch-inducing hydrogels to investigate the perivascular fate switch of human MSCs

Martin Ehrbar1，Ulrich Blache1，Queralt Vallmajo-Martin1，Edward R Horton3，Julien Guerrero4，Valentin Djonov5，Arnaud Scherberich4，Janine T Erler3，
Ivan Martin4，Jess G Snedeker2，Vincent Milleret1
1
Department of Obstetrics, University of Zurich, Switzerland，2Insitute for Biomechanics, ETH Zurich, Switzerland，3Biotech Research and Innovation Centre, University of Copenhagen,
Denmark，4Department of Biomedicine and Department of Surgery, University Hospital Basel, Switzerland，5Institute of Anatomy, University of Berne, Switzerland

The fate of mesenchymal stem cells (MSCs) in the perivascular niche, as well as factors controlling their fate, are not sufficinently understood
today. To study MSCs in the perivascular microenvironment of endothelial capillaries we use a modular poly(ethylene glycol) (PEG)-hydrogel
system. We show that three-dimensional (3D) co-cultures MSCs and endothelial cells form micro-capillary networks specifically in these soft
PEG hydrogels. Transcriptome analysis of human MSCs isolated from engineered capillaries show a prominent switch in extracellular matrix
(ECM) production and Notch signalling. We demonstrate that this perivascular niche-induced fate of MSCs can be recapitulated in the absence
of endothelial cells by functionalizing PEG-hydrogels with the Notch-activator Jagged1. Interestingly, the transient culture in Notch-inducing
microenvironments induced a reversibile switch of MSC fate. These findings show the reversible perivascular lineage commitment of MSCs by
use of engineered niche-mimicking synthetic hydrogels. Currently, signalling pathwas that control the fate of MSCs during tissue healing are
further investigated.
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Pericyte Metabolic Mechanisms to Regulate a Bone Marrow Niche-Like Phenotype in vitro
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Pericytes are a key cell type of the bone marrow niche. They are multipotent and line the endothelium differentiating into mesenchymal stem
cells (MSCs) and CXCL12 abundant reticular cells. They act in a support role for haematopoietic stem cells (HSCs) and have immune
modulatory and inflammatory functions. When in a support role, they secrete growth factors and chemokines that maintain self-renewal and
support HSCs. In culture, however, as with MSCs, they loose their niche phenotype. Here, using a poly ethyl-acrylate (PEA) system on which
fibronectin (FN) forms ordered networks, thus allowing growth factor tethering[1], we aim to investigate the metabolic phenotype and
mechanisms required for pericytes to maintain niche phenotype.
We show that addition of a collagen gel (noting that soft gels can support expression of niche markers such as nestin [2]) supports a nichelike MSC phenotype when used with a bone-marrow like PEA environment. Immunocytochemistry was then used to show a degree of hypoxic
response in this system, with similar levels of activated HIF1a observed compared to no gel in 1% oxygen tension. Correspondingly, we
observed an increase in levels of glycolytic enzyme lactate dehydrogenase (LDH), indicative of a switch to an anaerobic metabolic profile.
Metabolite-wide analysis revealed agreement in down-regulation of metabolites involved in oxidative phosphorylation. The key genes and
signalling pathways involved in this hypoxia response to soft collagen gels was investigated through genome-wide transcriptomic analysis and
integration of this with metabolite data. Subsequently glycolysis and hypoxic pathway specific blockers were used to attenuate this supportive
mesenchymal phenotype.
The anaerobic phenotype corresponds to a maintenance of pericyte niche/support phenotype. This can have large implication for production
of pericytes in vitro that can be used to support e.g. tissue engineered construct implantation via enhanced anti-inflammatory and immune
modulatory properties.
Acknowledgements:
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Development of Custom 3D-Printed Polystyrene Bioreactors for the Generation of Mesenchymal Stem Cell Niche
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Human mesenchymal stem cell (hMSC) expansion ex vivo remains rooted in the same cell culture technology pioneered more than 50 years
ago: oxidized 2D polystyrene culture dishes (TCPS). However, it remains poorly understood how cells associate with surfaces ex vivo, and the
influential role surface chemistry plays in facilitating protein deposition. Additionally, transforming polystyrene (PS) dishes into a 3D culture
system could improve intracellular signaling and native tissue reconstruction.
This work seeks to develop targeted mesenchymal stem cell niche scaffolds, by understanding the influence of surface chemistry on targeting
protein deposition and developing customized 3D constructs. A low-temperature plasma (LTP) jet is used to transform PS surfaces, where input
gases readily generate different surface functionality. Helium (He) aids in ambient plasma ignition, where single-bonded oxygen, carbonyl, and
nitrogen are incorporated in PS surfaces with oxygen (O2) and acetonitrile (ACtN) gas, as verified by XPS. A range of contact angles is achieved
(16.3°, 43.0°, 45.8°, 50.0°, and 92.3°for ACtN, O2, He, TCPS, and untreated surfaces (UT)) after surface treatment. Contact angles between
40-60°have been demonstrated to best facilitate extracellular matrix and cell deposition, a functional range achieved. Contact angles on test
surfaces decrease after exposure to serum, with the exception of ACtN, (67.8°, 13.3°, 15.8°, 13.7°, and 16.1°for ACtN, O2, He TCPS, and UT),
but surface chemistry displayed similar carbon, oxygen, and nitrogen content, suggesting differences in protein deposition and surface
interactions on test substrates. Initial hMSC confocal imaging shows that cell spreading is influenced by a combination of serum presence and
surface chemistry. Where hMSCs grown on TCPS remain highly spread with average areas insensitive to serum presence (3800 vs. 3400 µm2,
serum vs. no serum), cells grown on O2, ACtN, and UT (1800, 2100, 1600 vs. 930, 1200, 650 µm2 serum vs. no serum) displayed more
elongated morphology and decreased average size area when no serum is present. Understanding the link between surface chemistry, protein
deposition, and cellular response would facilitate targeted hMSC expansion on a custom stable, easily scalable, 3D construct. Further work
seeks to use surface chemistry to direct differentiation and chemically link cytokines to PS surfaces, enhancing hematopoietic stem-progenitor
cell coculture.
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3D hydrogel system: a tool towards hMSCs quiescent/statis state
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Human mesenchymal stromal cells (hMSCs) are capable of differentiating into osteogenic chondrogenic and adipogenic phenotypes, among
others, presenting a great opportunity for tissue regeneration. Upon in vitro long term expansion, in order to obtain sufficient number of cells,
there is always a compromise over their multipotency which is gradually lost over time. Therefore, a biomaterial able to maintain their
multipotency and quiescence over a long period, providing a continuous source at a state similar to their bone marrow counterpart is
desirable, but yet to be developed. In order to achieve this, in this study, we have tested a RGD functionalized alginate hydrogel, which mimics
the bone marrow physical properties, allowing hMSCs to remain quiescent and maintain their multipotency over long periods of in vitro culture
(28 days). hMSCs cultured on these hydrogels maintained survival while lacking proliferation as confirmed by calcine-ethidium bromide staining
and Presto Blue metabolic activity, and EdU staining measurements, respectively. hMSCs encapsulated inside the hydrogels for 7 days also
readily exhibited their multipotency by their differentiation into the three classical linages. Moreover, hMSCs cultured for 7 days in the hydrogel
presented a significant upregulation of quiescent markers FOXO3, EZH1, and p27 when compared to a monolayer culture. Finally, hMSCs
inside the hydrogels were also immunostained for nuclear envelope statin (NES), a novel quiescence marker, and caspase-3, a marker for
apoptosis, over the same period of 28 days. In conclusion, we demonstrate that RGD functionalized alginate hydrogel maintains hMSCs
phenotype and mutipotency without compromising their viability, by retaining their quiescent state up on a long term in vitro culture.
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Establishment of Bovine Tongue Epithelium-Derived Mesenchymal Stem Cells
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Mesenchymal stem cells (MSCs) could be differentiated into multi-lineage cells, which have attracted interest in human and animal research
fields due to their regenerative potential. Bovine stem cells have been isolated from various tissues such as adipose, bone marrow, umbilical
cord blood, amniotic fluid, wharton’s jelly, and liver. However, bovine tongue epithelium tissue-derived MSCs (boT-MSCs) have not been
studied. The objective of this study was to isolate and characterize boT-MSCs by investigating their phenotype morphology, proliferation
properties, expression pattern of cell surface markers, and differentiation potentials under optimal culture condition. Bovine whole tongue
organ was obtained from 30-month-old Korean native cattle. Tongue epithelium tissue from tongue dorsum (tongue’s upper surface) was
separated. The tissue was minced into 1-2 mm pieces and incubated in PBS containing 0.1% collagenase type Ι at 37˚C for 1 hour. The cell
pellet was then resuspended in three culture mediums (A, B, and C). To optimize culture condition, cells were cultured and sub-cultured to
passage 10 (P10) in three culture mediums supplemented with 1% penicillin streptomycin and 10% fetal bovine serum (FBS). In this study,
MSCs were successfully isolated from bovine tongue epithelium as two cell lines by collagenase digestion method. Among the three culture
mediums, medium A-cultured MSCs exhibited the highest CPDL during 10 consecutive passages and CPDL continued until P20. These MSCs
expressed pluripotency markers (OCT3/4, SOX2 and NANOG) and cell surface markers including CD44, CD90, and CD105, but did not CD45
and MHC-II. Moreover, these MSCs could be differentiated into mesodermal lineages. In this study, boT-MSCs are successfully isolated and
characterized. Also, optimal culture condition of boT-MSCs is provided. These results can help in bovine disease-related research fields. Our
results suggest that tongue epithelium tissue from bovine can be used as a source of MSCs.
References
1. Cardoso TC. Isolation, characterization and immunomodulatory-associated gene transcription of Wharton's jelly-derived multipotent
mesenchymal stromal cells at different trimesters of cow pregnancy. Cell Tissue Res. DOI: 10.1007/s00441-016-2504-9, 2016.
2. Sampaio RV. Generation of bovine (Bos indicus) and buffalo (Bubalus bubalis) adipose tissue derived stem cells: isolation, characterization,
and multipotentiality. Genet Mol Res. 15, 53, 2015.
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Up-Scaling of the “Nichoid” Stem Cell Culture Substrate on a Large Surface
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The fabrication of three-dimensional scaffolds for cell culture is a fundamental task to recreate an artificial environment resembling the natural
one. Auto assembled and nanoporous scaffolds offer features comparable with the cells dimensions, but prevent a fine control over the
geometry of the pores, while 3D printers can provide large and precisely controlled structures, but with a minimum feature size much larger
than a single cell.
A technique capable of achieving precisely controlled three-dimensional geometry with a sub-micrometric resolution, is two-photon
polymerization (2PP) by femtosecond laser irradiation. For this reason, we chose it to fabricate a scaffold based on a repeated unit, called
“nichoid”, intended to mimic the mechanical constraints provided by a staminal niche, in order to study the behavior of mesenchymal stem cells
in this three-dimensional environment. The single nichoid is 30 µm tall and has a lateral dimension of 90x90 µm, with pores of variable size
from 10 to 30 µm side, and realized with a hybrid organic-inorganic photoresist. This structure has been designed to study how the right
mechanical stimuli can maintain stem cell pluripotency, while promoting proliferation [1].
To obtain a sufficient number of cultured cells on a single nichoid-patterned culture well and to avoid cell growth on the flat surface
surrounding the nichoids, we organized the nichoid in larger blocks and repeated the blocks to cover an 8 mm-diameter circular area. By
optimizing the fabrication procedure in the existing laser microfabrication set-up, we could produce the 8 mm samples in less than 12 hours
[2]. Recently, we added a spatial light modulator to the set-up, to take advantage of multiple foci laser fabrication, in the effort to strongly
reduce the fabrication time for each substrate. This will enable us to machine larger nichoid-covered surfaces in a reasonable time thus
increasing the number of cells cultured and biological tests performed on the cells.
1. Nava, Michele M., et al. "Two-photon polymerized “nichoid” substrates maintain function of pluripotent stem cells when expanded under
feeder-free conditions." Stem cell research & therapy 7.1 (2016): 132.
2. Ricci, Davide, et al. "Scaling-up techniques for the nanofabrication of cell culture substrates via two-photon polymerization for industrialscale expansion of stem cells." Materials 10.1 (2017): 66.
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The 3D nichoid culture substrate better preserves mesenchymal stromal cell structure and function than cell
monolayer
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Stem cells behavior is affected by the bidirectional communication of cells and their microenvironment (stem cell niche). Recent studies
highlighted a critical role for physical and mechanical factors in triggering stem cells response1. Conventional cell-culture used to investigate
stem cell fate is based on flat substrates. However, bi-dimensional (2D) cultures strongly alter cell functions, as they don’t reproduce the
complex three-dimensional (3D) environment of cell niche. In the present study, we compared the culture of rat mesenchymal stromal cells
(MSCs) on standard 2D supports and on an innovative nanoengineered 3D substrate2.
The innovative culture substrate (nichoid) was nanoengineered via two-photon laser polymerization in photopolymer SZ2080. Rat bonemarrow MSCs were seeded on glass substrates or on the nichoid substrates. During culture, cell growth was monitored by live images and
metabolic activity was assessed with the Alamar Blue assay. After 2 weeks, samples were processed for immunofluorescence (IF), scanning
electron microscopy (SEM) and gene expression analysis.
Live images showed that MSCs adhered on the nichoid and grew similarly to those seeded on glass. At SEM, MSCs colonize not only the
surface but also the internal structure of the niche, spreading in the three dimensions. IF staining showed that MSCs cultured on the nichoid
substrate have long actin filaments and small but spherical nuclei, while on glass cells have large and flattened cytoplasm and nuclei. Gene
array revealed differences in the expression of stemness genes (i.e. leukemia inhibitory factor, LIF) and genes associated to MSCs, such as
interleukin 6 (IL6) and colony stimulating factor 3 (CSF3). By Real Time PCR we confirmed significantly higher expression of LIF, IL6 and CSF3 in
cells expanded on the nichoid, as compared to cells expanded on glass.
Our results demonstrate that MSCs adhere and grow in the nichoid. The 3D substrate has pronounced effect on cell structure, nuclear
dimensions and cytoskeletal organization. Moreover, 3D substrate upregulates the expression of stemness markers, of cytokines and growth
factors. In particular, the significant increase in CFS3 gene expression suggest that MSCs culture in the nichoid may better contribute to tissue
repair, as compared to cells cultured in a 2D substrate.
1.Vining KH, Mooney DJ. Nat Rev Mol Cell Biol 18(12):728, 2017
2.Nava MM et al. Stem Cell Res Ther 7(1):132, 2016
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Human adipose-derived stem cells (hADSCs) play an important role in stem cells research, because there are no ethical issues to use the fat
tissue from patient’s body. Additionally, we can easily get large amount of fat tissue, therefore, the clinical usage of hADSCs is inexpensive.
Although hADSCs are promising for use in regenerative medicine, their lower expansion ability (aging problem) due to the lower pluripotency
of hADSCs compared with human embryonic stem cells (hESCs) and human induced pluripotent stem cells (hiPSCs) is a critical issue.
We reported that the cells in stromal vascular fraction (SVF) show higher pluripotency gene expressions of SOX2, OCT4 and Nanog than
hADSCs after passages1. This result indicated that the cells in SVF after conventional 2-D cultivation, the pluripotency gene expressions of the
cells dramatically decreased. However, after culturing hADSCs in ultra-low attachment dishes from 2-D cultivation into 3-D cultivation, the
pluripotency gene expressions of hADSCs was found to increase. To evaluate the difference between culturing hADSCs on Tissue Culture
Polystyrene dishes (TCSP, 2D-cultivation) & ultra-low attachment dishes (3D-cultivation) we cultured hADSCs on TCPS for one passage, in
2D-cultivation, subsequently , we cultured hADSCs on ultra-low attachment dishes, in 3D-cultivation, and this cycle processes were repeated
several times We analyzed the pluripotency of hADSCs in each cycle. We also evaluated the differentiation ability of hADSCs into neural cells ,
osteoblasts and chondrocytes, which were cultured in each cycle after 2-D cultivation and 3-D cultivation for several passages.
References
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Differences in biomarker release of 3D-spheroids of human mesenchymal stem/stromal cells in adipogenic
differentiation in vitro compared to 2D culture
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The cultivation of cells as 3D spheroids is frequently shown to be more physiological regarding cell-cell and cell-matrix interactions compared
to the 2D situation. Mesenchymal stem/stromal cells (MSC) are important in tissue regeneration in vivo by renewal of the mesenchymal
progenitor cell fraction and their ability for tissue specific differentiation. It is shown that the cultivation conditions have a strong impact on the
differentiation process of MSC. Since MSC are able to form 3D spheroids in vitro we analyzed the effects of adipogenic stimulation of MSC in
3D compared to 2D.
We generated spheroids of human adipose-derived MSC (adMSC) by using magnetisable nanoparticles that attach to the cell surface. The
nanoparticle-equipped cells were subsequently exposed in cell repellent plates to a magnetic field and spheroid formation was achieved. The
spheroids were cultivated up to 14 days. Beside the non-specifically stimulated cultivation we performed adipogenic stimulation. Standard
adMSC cultivation in 2D was performed as control. Beside the analysis of cell number and cell viability, the cell culture supernatants of the
different 3D and 2D cultivation conditions were subjected to multiplex assay (Merck Milliplex, Human Adipocyte Magnetic Bead Panel).
The spectrum of released biomarkers from adMSC in 3D spheroids differed from that in 2D culture. For example, the release of nerve growth
factor (NGF), Leptin, monocyte chemotactic protein 1 (MCP1) and plasminogen activator inhibitor-1 (PAI-1) was increased in non-stimulated
and adipogenically stimulated 2D culture. In contrast, the release of the pro-inflammatory factor IL-8 was increased by 3D cultivation in nonstimulated and adipogenic culture. Adiponectin was only released in adipogenically stimulated2D cultures. In summary, the biomarker release
depends on the cultivation method (2D vs. 3D), the differentiation stimulus, and the length of cultivation respectively.
Acknowledgement: This work was financially supported by the European Union and the Federal State Mecklenburg-Vorpommern (EFREproject ARENA, project-No. TBI-V-1-003-VBW-001).

a90034

02-P216

Efficient human adipose stem cell osteogenic induction in 3D hydrogels

Kaisa Leena Vuornos1,2，Miina Ojansivu1,2，Janne Koivisto3,4，Jenny Parraga Meneses3，Heikki Häkkänen5，Nick J Walters1,2，Birhanu Belay6，
Toni Montonen6，Jari Hyttinen6，Janne Ihalainen5，Leena Hupa7，Minna Kellomäki3,8，Susanna Miettinen1,2
1
BioMediTech Institute and Faculty of Medicine and Life Sciences, University of Tampere, Tampere, Finland，2Science Center, Tampere University Hospital, Tampere, Finland，3Biomaterials and
Tissue Engineering Group, BioMediTech Institute and Faculty of Biomedical Sciences and Engineering, Tampere University of Technology, Tampere, Finland，4Heart Group, BioMediTech
Institute and Faculty of Medicine and Life Sciences, University of Tampere, Tampere, Finland，5Nanoscience Center, University of Jyväskylä, Jyväskylä, Finland，6Computational Biophysics and
Imaging Group, BioMediTech Institute and Faculty of Biomedical Sciences and Engineering, Tampere University of Technology, Tampere, Finland，7Johan Gadolin Process Chemistry Centre,
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There is a high demand for bone grafts due to lack of donors and in relation to traumas and ageing population. Human adipose stem cells
(hASCs) are an easily accessible source of adult stem cells for bone constructs. 3D hydrogel culture simulates better cell microenvironment
compared to traditional biomaterials. This study presents efficient osteogenic differentiation of hASCs encapsulated in 3D hydrogels.The gellan
gum (GG) and collagen type I (COL1) hydrogels were tested for their ability to support hASC viability, proliferation, gene expression and
mineralization in 3D culture. To determine early osteogenic differentiation of hASCs, osteogenic marker genes ALP, OSX, DLX5, and RUNX2A
were analyzed. Late osteogenic differentiation of hASCs was analyzed based on the mineralization of the hASC ECM measured by
hydroxyapatite formation and by immunofluorescence staining of bone marker protein osteocalcin. Different types of mineral residues in
different hydrogels were analyzed by Raman spectroscopy. Optical projection tomography and selective plane illumination microscopy were
used to image hASCs embedded in 3D hydrogels.The hASCs were viable in 3D hydrogel culture. GG encapsulated hASCs had tight and round
cell morphology, whereas in COL1 hydrogel hASCs were spread out. In COL1, significantly higher osteogenic marker gene expression was seen.
Both 3D hydrogel culture conditions supported the formation of mineralized hydroxyapatite residues, whereas strong osteocalcin staining was
observed only in COL1 hydrogel.

399

a90612

02-P217

Scalable Culture of Human Mesenchymal Stem Cells in Bioreactor
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Human mesenchymal stem cells (hMSCs) are used in hundreds of clinical trials of cell therapy and regenerative medicine and their needs are
rapidly increasing. Therefore, large scale production of hMSCs with consistent quality is necessary. However, its achievement by conventional
culture vessels such as tissue culture flasks and stacking chambers is complicate and costly. Recently, hMSC culture with microcarrier (MC) in
bioreactors has been reported but the manufacturing process has not been fully established. In this study, we have developed the culture,
expansion and harvesting processes of bone marrow-derived hMSCs with MC in bioreactors.
First, we selected a proper MC for hMSC culture from different kinds of MC and investigated the effects of MC density and cell seeding
density on cell proliferation in 100-ml spinner flasks. Our results showed that with the use of Cytodex 1 MC (GE Healthcare) in the spinner
flasks, homogenous cell adhesion and proliferation from 1.5×104 cells/ml to 2.7 ± 0.2×105 cells/ml in 9 days can be successfully achieved. In
addition, the passage and expansion of hMSCs on Cytodex1 MC were demonstrated by simply adding fresh MC to the flasks without
detachment of the cells. Next, we optimized stirring speed, dissolved oxygen concentration (DO) and pH of the medium for hMSC proliferation
using 1-L bioreactors. The optimization of stirring speed, DO and pH with bioreactors resulted in higher rate of cell proliferation than the cells
cultured in spinner flasks. High viability of the cells was maintained during 9-day culture. More than 90% of cells were viable after detachment
and harvesting from the MC. Flow cytometric analysis of the harvested cells showed that cells cultured in bioreactors had similar hMSC-specific
surface markers to those cultured on tissue culture flasks.
The present results strongly suggest that scalable processes of culture, expansion, and harvest of hMSCs can be established by using MC in
bioreactors. Further study of hMSC culture scale-up in bioreactor is ongoing.
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Cell aggregation can affect cell-cell interactions, resulting in enhanced biological functions. Conventional cell culture involves the use of 2D
systems, which differ significantly from the local environment of cells in living tissues. Therefore, 3D cell culture technologies have been
developed. The earliest records describe the hanging drop method, in which cells spontaneously aggregate in the bottom of a drop after
inverting a plate containing drops of cell suspension. Alternatively, spinner flasks enable spontaneous cell aggregation. In the static liquid
overlay technique, suspended cells are cultured on a nonadherent substrate. However, when a cell aggregate becomes too large, the cells
inside the aggregate tend to die due to a lack of oxygen and nutrients. Such conditions often make it difficult to culture cells in vitro for long
periods of time, thereby impeding basic research into cell differentiation and organization.
The periodic peptide induces the formation of human mesenchymal stem cell (hMSC) aggregates. In the present study, we evaluated (LysPro)12 periodic peptides with the function of hMSC aggregates. hMSC aggregates were induced spinner flasks and cell culture plate with
periodic peptides containing medium.
In the presence of peptide in cell culture medium, cell aggregation was observed beginning on the third day of culture, and the cell
aggregations formed maintained their shape over the 7-day culture period. The (Lys-Pro)12 peptides induced the formation of uniformly sized
cell aggregates.
ALP activity is regarded as a key biomarker of hMSC differentiation. ALP activity was comparable in cell aggregation and 2D monolayer cultures
on differentiation time: 10day, increased dramatically on day 10 in both cultures system. This results were applied for drug metabolism, cell
transplantation and micro array system.
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Adult pluripotent stem cells have emerged as promising tools in tissue engineering strategies. The reproducible and predictive generation of 3D
tissue engineering constructs involves the seeding and culturing in vitro of scaffolds under controllable conditions. A major hurdle in the
successful establishment of tissue engineering strategies remains the establishment of non-destructive methodologies for real time assessment
of the quality of the cell/scaffold constructs, a prerequisite for regulatory authorization. Such methodologies are expected to provide at
minimum nondestructive online information on the viability, proliferation, and differentiation of the cultured cells. The use of 3D specialized
culturing systems for tissue engineered cell/scaffold constructs complicates the development of such methodologies further. The current state
of the art involves mainly destructive endpoint characterization. The main objective of this study was the development of alternative strategies
for the real-time, non-destructive monitoring of bone tissue engineered constructs. Constructs comprised of 85% porous poly(L-lactic acid)
spunbonded fibrous scaffolds dynamically seeded with rat MSC and cultured within a flow perfusion bioreactor for up to 14 days. Throughout
the culture period, O2 concentration measurements were taken at the inlet and outlet of each construct and global media samples were taken
and assayed for glucose, osteocalcin, and osteoprotegerin content in order to determine O2 uptake, glucose consumption, and osteoprotegerin
and osteocalcin production rates. At specified time points throughout the culture period constructs were sacrificed and assayed for cellularity
(via a dsDNA assay), alkaline phosphatase activity, and calcium deposition. Comparative analysis of trends in both the non-invasive mid-culture
and destructive post-culture data revealed correlations that can be utilized for the real-time, mid-culture determination of construct quality. Key
trends observed include increases in the cell-specific rate of O2 uptake and decreases in the cell-specific rate of glucose consumption in
osteoinduced constructs with little change in non-osteoinduced ones. The ratio of the O2 to glucose consumption appeared comparable
between osteogenic and standard cultures but exhibited a strong increase for the osteogenic one at the point where osteogenic differentiation
was observed via the presence of deposited mineral and elevated alkaline phosphatase.
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The role of cadherin signalling in the differentiation of mesenchymal stem cells
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The acquisition of a specific cell fate is one of the core aims in tissue engineering and regenerative medicine. The influence of the cell-material
interface on cell fate has been an area of significant research, but comparatively little is currently known about cell-cell interaction.
Furthermore, while there is significant evidence that three-dimensional (3D) cultures positively influence fate decisions, the mechanisms
underlying this are not fully described. Human mesenchymal stem cells (hMSCs) from bone marrow have the ability to differentiate into three
lineages in vitro, and are an example of a cell type that has been shown to differentiate more effectively in 3D culture. Here we study 3D
spheroids of hMSCs in vitro, in which we study cell-cell contact, cadherin expression and signalling during proliferation and differentiation into
different lineages. We make a comparison to cells cultured in 2D. We show that proliferating hMSCs in 3D express N-cadherin and undergo a
switch to cadherin-11 upon commitment to the osteogenic lineage, which was not evident in the 2D cultures. Results from knockdown
experiments further establish a hypothesis for the mechanism regulating the differentiation of hMSCs in 3D compared to 2D cultures.
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Application of synthetic gel for osteogenic differentiation of mesenchymal stem cells
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Currently stem cell researchers have been aware the importance of the physical factors in stem cell culture and differentiation. Here we
compared the effect of the stiffness of synthetic gel on the differentiation lineages of MSC. We also showed that optimizing stiffness of the
synthetic gel could allow osteogenic differentiation of MSC as early as 3 days after differentiation induction without cytokines. These results
demonstrate that the stiffness of synthetic gel play a key role in fate determination of stem cells. This fact is expected to be effectively applied
to organic tissue and cell therapy development.
We would like to acknowledge the financial support from the Korea Healthcare technology R&D Project (HI16O1002), Ministry of Health and
Welfare & Ministry of Agriculture, Food and Rural Affairs (815006-3), Republic of Korea Republic of Korea.
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Human Mesenchymal Stem Cell Failure to Adapt to Glucose Shortage and Rapidly Use Intracellular Energy
Reserves Through Glycolysis Explains Poor Cell Survival After Implantation
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delphine Logeart-Avramoglou
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Mesenchymal stem cells (MSCs) hold considerable promise in tissue engineering (TE). Their poor survival when exogenously administered,
however, limits their therapeutic potential. Previous studies from our group demonstrated that lack of oxygen is not fatal to MSCs because
glucose serves as a pro-angiogenic and pro-survival molecule for hMSC upon transplantation. The underlying mechanisms regarding how MSC
process glucose (for example, whether alternate energetic pathways/nutrients exist) and most importantly, what amount of glucose stock is
available for fueling hMSCs metabolism and ensuring their survival upon transplantation. In the present study, we established for the first time
that the in vivo environment experienced by hMSCs is best reflected by near-anoxia (0.1% pO2) rather than hypoxia (1% -5% pO2) in vitro. We
demonstrated that under these conditions, hMSCs rely almost exclusively on glucose through anaerobic glycolysis for ATP production and that
they are unable to use either exogenous glutamine, serine or pyruvate as energy substrates in near-anoxia. Most importantly, the hMSCs tested
were unable to adapt their metabolism to the lack of exogenous glucose, possessed a very limited internal stock of glucose and virtually no
ATPs reserves. This lack of downregulation of energy turnover as a function of exogenous glucose level resulted in a rapid depletion of MSCs
energy reserves explaining their poor survival rate. These new insights prompt for the development of glucose-releasing scaffolds to overcome
this roadblock plaguing the field of TE based-therapies.
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Cell migration is essential process in tissue regeneration and wound healing. Mesenchymal stem cells(MSCs) are mobilized and contribute to
tissue repair by acting as a reservoir of cells for regeneration. So, many researchers studied MSCs migration. However, they used only chemical
factors and transwell that only observe the migration in one direction.
In this study, we utilized a small chamber which can separate two types of cells in a certain distance. Then the migration distance was
quantitatively measured through image processing. Some of MSCs move through the circulatory system within the human body. So, they are to
be affected by endothelial cells(ECs). To confirm the effects of neighboring ECs on migration of MSCs, we set up two groups : MSCs cultured
alone and MSCs co-cultured with ECs.
MSCs and ECs were seeded on PDMS membrane using 2 well silicon insert. The insert was removed to allow cell migration after 12 hours of
stabilization. And we observed migration after 0h, 6h, 12h and 24h. Image processing was used to measure migration distance.
Immunofluorescence was also performed to compare expression of CXCR4, which is most commonly known to be involved in cell migration.
We observed MSCs co-cultured with ECs migrated faster than MSCs cultured alone. Also, immunostaining showed that co-cultured with ECs
up-regulate the expression of CXCR4 in MSCs. These results indicated that the activation of CXCR4 in MSCs is increased due to the chemical
factors secreted by ECs. Further study needs to confirm or identify which chemical factors are released from ECs. Moreover, the effects of
mechanical stimuli mimicking biomimetic environments are worth to be investigated.
Acknowledgments: This work was supported by Priority Research Centers Program (2010-0020224, the Ministry of Education, ROK) and by
the National Research Foundation of Korea (NRF) Grant (NRF-2015M3A9B6073643).
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Mesenchymal stem cells (MSC) are sensitive to physical stimuli from their surrounding microenvironment. In vitro, variations in substrate
stiffness invoke changes in MSC proliferation, migration and differentiation. Manipulation of mechanical signalling offers the opportunity to direct
MSC differentiation and enhance the efficiency to obtain mature cell type for tissue engineering applications. However, the potential of using
microRNAs (miRs) to modulate MSC mechanotransductive pathways and subsequent cell fate has not been addressed to date. We aim to
investigate the role of miRNA signalling in response to substrate stiffness and modulate the mechanosensitive miRNAs to drive MSC fate in
injectable hydrogels.
MSCs were cultured on stiff (70 kPa) and soft (0.6 kPa) polyacrylamide gels. miRNA sequencing was performed and differential miRNA
expression was identified in response to varying hydrogel stiffness; the predicted target genes showed enrichment in pathways associated with
mechanotransduction, RhoA and GTPase signalling. MSCs were transfected with miR mimics and inhibitors, cultured on both soft and stiff gels in
mixed induction medium, and the change in bias between ostegenesis and adipogenesis was determined. Both miR-100-5p and miR-143-3p
showed the most significant effect in altering MSC osteo-adipogenic differentiation fate and both miRs converge on mTOR signalling. To test this
in 3D environment, MSCs were transfected with miR modulators, encapsulated in gelatin-PEG 3D hydrogels, and cultured in osteogenic
supplements for 14 days. Increased hydroxyapatite accumulation was found in 3D hydrogels with miR-100-5p and miR-143-3p which
generated mature osteoblasts. This outcome provides novel avenue to drive MSC fate using mechanosensitive microRNAs for bone
regeneration.
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Introduction: A recent understanding is that cells are able to translate their morphology into a fate decision [1]. To control the cell nuclear
shape, we developed a pioneering 3D-culture substrate, the nichoid [2, 3], which induces a roundish nuclear shape in cells adhered to its
micro-lattice and a spread nuclear shape in cells adhering to the bottom surface. In this work, we combine this innovative substrate with high
spatiotemporal resolution fluorescence microscopy to characterize the cell morphology, protein localization and their nucleocytoplasmic
transport, in mesenchymal stem cells (MSC) adhering to the substrate.
Materials & Methods: Nichoids were microfabricated on Nunc™ Lab-Tek™ Coverglass via two-photon laser polymerization in a hybrid
biocompatible photoresist. These artificial niches consist in grids with micrometric pores, acting as miniaturized scaffolds for cell adhesion,
proliferation and differentiation. Cell morphology and the localization of actin and vinculin were acquired by immunofluorescence. After a
transient transfection of fluorescent proteins (GFP and the transcription factor MyoD-GFP), the nuclear envelope permeability was evaluated by
using the fluorescence recovery after photobleaching (FRAP) technique.
Results and Discussion: Immunofluorescence assays demonstrates that the nichoid substrate induces a roundish nuclear shape in cells grown
in the lattice. The cells adhere to the scaffold through the focal adhesions and the forces are transmitted to the nuclear envelope via actin
fibers. The FRAP study of passive diffusion and facilitated translocation of proteins through the nuclear pore complexes confirm that the nuclear
envelope permeability of MSC is modulated by the nuclear morphology.
Conclusions: The nichoid substrate allowed to study the basic processes that characterize the fate of MSC, in particular protein displacement
and the nuclear envelope permeability. As this substrate also allows to maintain MSC stemness during expansion [3], it holds very high
potential for regenerative medicine.
References:
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β-glucans, composed of polysaccharides of β-(1,3), β-(1,4) and β-(1,6)-linked glucose units, are mostly found in plant, bacteria and fungi and,
therefore, any polysaccharide with these repeating β-(1,3)-glycosidic linkage can potentially induce the immune response in the organism
similar to bacterial or fungal infections (Palema et al., 2015). The order and the frequency of these two glycosidic bonds, depending on the
source from which it is isolated, determine the degree of the response in the body. In the study by Jedinak and Sliva (2008), cancer and
somatic cells were cultured in the medium with β glucans, and only the number of cancer cells was decreased as a result of apoptosis
induced by Erk-1/-2 phosphorylation and somatic cells were not affected. Further studies have been proven the β-glucans’ immunomodulatory
function (Novak, 2008). In this study, human mesenchymal stem cells (hMSCs) were cultured on culture flask coated with β-glucan from P.
ostreatus, and differentiated into osteogenic cell lines. Although the MAPK signaling pathway was stimulated by β-glucan, it was sufficient to
induce the differentiation alone. To understand the effect of β-glucan, the osteogenic differentiation was completely blocked by a specific
inhibitor of p38, SB202190, and the cells were cultured on β-glucan coated surface in the presence of p38 inhibitor. Although the change in
the ERK1/2 and MEK1/2 expressions was insignificantly, the p38a expression was upregulated by 10.54, and BMP2 by 6.20 folds. The results
indicated the β-glucans enhanced the osteogenic differentiation capacity of hMSCs by inducing p38a expression.
References:
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For the successful tissue engineering outcomes in esophageal regeneration bionic scaffold, proper cell source, and bio-mimetic environments
should be harmonical just like an orchestra. Regardless of many studies on esophageal regeneration, few studies have been released on the
differentiation of stem cells into esophageal epithelial cell lineage. In this study, we aim to induce esophageal epithelial differentiation from
mesenchymal stem cells(MSCs) by adjusting substrate phenotype and mechanical stimuli. In the preliminary tests, optimal chemical
concentration(ATRA - 0, 1, 5, 10μM) and substrate type (cover glass, PU membranes, and PU nanofiber sheet) were selected. Then human
MSCs were seeded on the selected substrate and stimulated by ATRA together with hydrostatic pressures(HP - 0, 50, 100mmHg). The
expression of epithelial-specific genes(CK8, CK18, P63, CK4, and CK14) was assessed by RT-PCR. The related proteins(CK18, CK4) were
assessed by immunostaining. Based on our results, stimulating with chemical only can slightly induce early esophageal epithelial differentiation
through increasing early marker gene expression by 5~15 folds and intermediate-to-late marker gene expression by 2~4folds. Although the
effects of various chemical concentration on the expression of related markers were not significant, 5μM was shown to be most potential for
epithelial regeneration. Then substrates with different stiffness and topography were tested. Higher expression of epithelial-specific genes, as
well as proteins, was observed in the order of PU nanofibrous sheet, PU membrane, and cover glass. The effect of HP was also observed in
those expressions. This preliminary study enabled us to confirm the possibility of esophageal epithelial differentiation from MSCs by adjusting
substrate phenotype and mechanical stimuli. Furthermore, our study showed nanofibrous scaffold and physiological pressure have a potential
of promoting esophageal epithelial differentiation in vitro. The optimal conditions like experimental pattern and duration should be investigated
in the further study.
Acknowledgments: This work was supported by a grant of the Korea Health Technology R&D Project through the KHIDI (HI16C0362, the
Ministry of Health & Welfare, ROK) and by the Technology development Program(S2474609) funded by the Ministry of SMEs and Startups(MSS,
Korea).
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The repair of bone defects occurs through a complex cascade of events which could be studied by in vivo experiments on animal models [1,2].
However, many ethical concerns arise from the use of animals, in addition to high costs. Furthermore, the complexity and duration of such
experiments has encouraged the development of suitable in vitro bone models, useful to simulate the native three-dimensional (3D)
environment better than traditional bi-dimensional (2D) cell cultures. Therefore, the work explored the design and manufacturing of scaffolds
bioinspired in bone osteon hierarchical architecture and organisation by using Fused Deposition Modelling technique to 3D-print a poly(ε
-caprolactone) (PCL) scaffold with different macroscopic levels. The construct was designed with interconnected compartments to host
mesenchymal stem cells and endothelial cells. Cells were encapsulated within an optimised gellan gum-based hydrogel matrix, crosslinked
using strontium (Sr2+) ions to exploit its bioactivity and then, assembled within compartments with different sizes. The construct elemental
composition was studied by XPS, confirming the inclusion of Sr2+ ions within the hydrogel matrix. Moreover, the incorporation of gellan-gum
hydrogel into the 3D PCL porous scaffold showed its potential as reinforcement with far superior strength properties under compressive load,
as described also by FEM analysis. Finally, the assessment of the construct biological behaviour showed high cell viability and a good overall
metabolic activity of both cell types studied.
Acknowledgements
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Mesenchymal stem cells (MSCs) are numerically the most favored cell type presently under clinical trial because of their advantages in easier
isolation and expansion, immune regulation, as well as multilineal differentiation into various tissues[1]. Successful stem cell therapy requires
billions of stem cells. Such vast numbers of stem cells are traditionally achieved by repeated subcultures of stem cells in tissue culture plates or
flasks (2D cultures). However, the senescence of MSCs is easily happened during in vitro expansion culture, accompanying the changes of cell
morphology and behavior. This limits the acquisition of a sufficient cell number for therapy. Therefore, the development of a biomimetic culture
system that yields stem cells on a large scale while maintaining high cell proliferation and multipotency potential is highly demanded.
To solve this problem, our research has developed an efficient 3D culture system by using the microcarriers to obtain a large amount of
multipotent MSCs. In our 3D culture system, the biomimetic microcarriers are explored to promote cell adhesion, proliferation and
multipotency potential of MSCs in vitro. This work will not only provide a preferable tool for manufacturing large-scale MSCs, but also promote
the research and development of stem cell products for clinical applications.
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Poly(ethylene glycol) (PEG) hydrogels have previously been used for tissue engineering and mechanobiology studies [1, 2]. In order for PEG to
support cell attachment, strategies typically involve the incorporation of extracellular matrix (ECM) proteins or synthetic peptide fragments such
as RGDs. In this study, we investigated the effects of varying RGD concentrations (0.05 – 2.5 mM) and the stiffness of 4-arm and 8-arm PEG
hydrogels on the attachment and organisation of human mesenchymal stem cells (hMSCs). Atomic force microscopy (AFM) results indicated no
significant changes in stiffness upon RGD tethering for both soft (E = 7.4 – 11.2 kPa) and stiff (E = 27.3 – 36.8 kPa) hydrogels. However, hMSCs
exhibited differences in attachment numbers and organisational morphologies in response to stiffness changes and ligand availability. hMSCs
seeded on soft hydrogels attached in lower numbers with reduced spreading area in comparison to cells on stiff hydrogels. Furthermore,
hMSCs on soft hydrogels clustered irrespective of RGD concentrations. In contrast, cells seeded on stiff hydrogels with RGD concentrations of
0.5 mM or more, exhibited spread morphologies. Our results highlight an interplay between substrate stiffness and ligand availability of RGD
ligands that contribute to the organisation and attachment of hMSCs on PEG hydrogels. This study expands our current knowledge regarding
tissue engineering and mechanobiology templates by providing an understanding of how hMSCs initially interact and colonise the surface of
PEG hydrogels.
[1] M.P. Lutolf, G.P. Raeber, A.H. Zisch, N. Tirelli, J.A. Hubbell, Cell-Responsive Synthetic Hydrogels, Advanced Materials 15(11) (2003) 888-892.
[2] W.G. Herrick, T.V. Nguyen, M. Sleiman, S. McRae, T.S. Emrick, S.R. Peyton, PEG-phosphorylcholine hydrogels as tunable and versatile
platforms for mechanobiology, Biomacromolecules 14(7) (2013) 2294-2304.
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Tissue-O2 Related Level (“Physioxia”) Provides Alteration of Extracellular Matrix Transcriptome of Multipotent
Mesenchymal Stromal Cells  

Maria I. Ezdakova1，Elena R. Andreeva1，Sergey V. Buravkov2，Olga O. Udartseva1，Ludmila B. Buravkova1,2
Institute of Biomedical Problems of RAS, Moscow, Russia，2Faculty of Fundamental Medicine, Moscow State University, Moscow, Russia
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The "tissue niche" is determined the specific environment conducting the interaction of its components. Perivascular niche of mesenchymal
stem/stromal cells (MSCs) contains specific cellular and extracellular components governed by a number of biochemical and biophysical cues
among which the low O2 level – “physioxia” is of most important one. Currently available data demonstrate the crutial importance of O2 level in
extracellular matrix (ECM) formation and remodeling. Here we have compared the ECM-related transcriptional profile of MSCs permanently
expanded at standard (20%) and tissue-related “physioxia” (5%) O2 levels. The significant changes in genes encoding the major components of
ECM and enzymes involved in ECM remodeling were detected. Global gene expression analysis revealed down-regulation of the major ECM
genes: basement membrane collagens (COL4A1, COL5A1, COL5A2), interstitial proteins (COL1A1, COL1A2, COL3A1, ELN), fibronectins (FN,
FNDC1), extracellular glycoproteins and glycoprotein-related proteins (ACAN, BGN, MGP). At the same time the up-regulation of protease gene
expression (MMP2, MMP3, ADAM23) and significant reduction of protease inhibitor gene expression (TIMP3, CRIM1, CST6) were detected
under these conditions. As a result of HIF-1 regulation, LOXL4 was up-regulated as well. Based on our data the MSC transcriptome under
“physioxia” can be addressed as predisposed to proliferation and migration in the expense of down-regulation of genes encoded ECM proteins
and up-regulation of matrix-degrading enzymes. Indeed, the increased proliferation rate of MSCs under permanent “physioxia” was
demonstrated as well. MSCs provide constant turnover of the ECM in their microenvironment, and this dynamic modification of ECM
determines cell behavior. Modification of ECM properties under “physioxia” may affect significantly MSC involvement in tissue homeostasis and
remodeling.
This work was supported in part by Programm #43P of Presidium of Russian Academy of Sciences and by Russian Science Foundation Grant
#14-15-00693
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Reconstruction of the Alveolar Process in Kids with Orofacial Cleft by Using Bone Substitute Supported by
Mesenchymal Stem Cells Derived from Umbilical Cord

Michal Kosinski1,2，Anna Figiel-Dabrowska1,3，Wioletta Lech3，Anna Sarnowska1,3
1
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Objective: Cleft lip and palate are one of the most common birth defects which involves orofacial part of the cranium. In one of the multiple
surgeries missing part of the bone in alveolar process must be filled to enable of proper growth of the jaw and cutting teeth. Currently the
most favored methods of filling the gap in the alveolar are harvesting of the square piece of cancellated bone from ala of ilium, or bone
transplantation from decedent. Replacement of the autologous or allogenic source of the bone by bone substitute will reduce number of
surgeries and time in the pharmacological coma during the reconstruction of the alveolar process. Usage of mesenchymal stem cells in the
reconstruction surgery may have positive influence on tissue regeneration by secretion of angiogenic factors, recruitment of other MSCs or
differentiation into osteoblasts.
Materials and methods: Mesenchymal stem cells derived from Wharton’s jelly from umbilical cord (WJ-MSC) were cultured in GMP grade
DMEM low glucose supplemented with heparin, 10% platelet lysate, glucose and antibiotics. In in vitro study WJ-MSC were seeded on bone
substitute Bio-Oss Collagen® and cultured in StemPro® Osteogenesis Differentiation Kit. On days 1, 7, 14 and 21 we analyzed viability
(confocal microscopy), adhesion capability (electron microscopy) of WJ-MSC on Bio- Oss scaffolds, gene expression (qPCR) and secretion
profile (Luminex). In in vivo studies on rats Bio-Oss scaffolds with WJ-MSC were used to fill the gaps after the cranium trepanation and the
tomography were performed after 7, 14 and 21 days after the surgery.
Results: WJ-MSC in osteodifferentiation medium indicate high potential to attach and proliferate on Bio-Oss scaffolds. Results obtained from
qPCR and Luminex indicate that WJ-MSC possess the ability to differentiate into osteoblasts/osteoclasts, may induce angiogenesis and
mobilization of host MSCs. In in vivo studies usage of Bio-Oss with WJ-MSC reduced time needed for healing the tissue.
Conclusions: The current studies give promising results for clinical implementation of WJ-MSC seeded on Bio-Oss Collagen to improve the
reconstruction of the alveolar process.
The work was supported by statutory funds to MMRC No 3757/E-32/S/2016-1.
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Comprehensive characterization of TRP receptors in human MSCs and brown adipose tissue reveals new potential
therapeutic targets to modulate adipocyte phenotype

Anna Goralczyk1,2，Marc van Vijven2，Mathilde Koch2，Cedric Badowski3，Shabeer Muhammad4，Sue-Anne Toh4,5，Asim Shabbir6，
Alfredo Franco-Obregon6，Michael Raghunath1,2,7,8
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Dept of Biomedical Engineering, National University of Singapore (NUS), Singapore，2NUS Tissue Engineering Program, Life Science Institute, Singapore，3Institute of Medical Biology, A*STAR,
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Sciences, Wadenswil, Switzerland

One promising approach to manage obesity and metabolic syndrome is to develop methods to promote the differentiation of human brown
adipocytes (BA) from progenitor cells or to stimulate the “browning” of white adipocytes (WA) independently of adrenergic stimulation.
Transient Receptor Potential (TRP) channels are polymodal cell sensors reacting to a wide range of external stimuli. A few members of this
receptor family have already been implicated in adipogenesis.
We characterized the expression signature of all 27 TRP channels on human bone marrow-derived MSCs and stromal vascular fraction (SVF)
progenitors and upon their differentiation into WA or BA. Our results show that several TRP channels are expressed in a developmentallyregulated manner during differentiation towards adipocytes, reflecting their potential importance in adipocyte differentiation. We identified
TRPP3 as a new promising target for modulating the adipocyte phenotype in clinical scenarios. Knockdown of TRPP3 repressed uncoupling
protein 1 expression and differentiation towards the brown phenotype yet, did not interrupt white adipogenesis. We also showed that TRPM8,
previously demonstrated in BA, plays a permissive role in browning and brown differentiation, yet did not activate thermogenesis of BA. Both
channels represent targets for therapeutic intervention of obesity and related metabolic disorders.
Future work will be aimed at a better understanding of TRPP3 structure and function for the development of pharmacological modulators of
the channel to better define its relevance to human metabolic status.
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Capabilities of a new device for on-site separation and concentration of SVF cells from adipose tissue

Juliane Meyer，Anne Wolff，Kirsten Peters
Department of Cellbiology, University Medicine Rostock, Rostock, Germany

Cells from the stromal vascular fraction (SVF) of adipose tissue are a promising new tool for regenerative medicine and tissue engineering. The
new, compact system (Q-graft®), gives the prospective of harvesting adipose tissue and isolating and concentrating SVF-cells in one closed
sterile system.
Liposuction tissue is digested with HumanaseTM, a blend of proteolytic GMP grade enzymes. The SVF is then isolated through a series of steps
of washing and filtration. The suspension of the SVF can either be concentrated by a last step of cross-flow filtration in the same device or by
one step of centrifugation. The transfer between the operating area and the centrifuge in the operating room can be performed with a special
sterile Q-graft® Centrifugation Set.
Preliminary results (n=2) could be achieved for the comparison to a general laboratory isolation procedure. This procedure is dependent on
the application of high collagenase concentrations and multiple steps of centrifugation. The general laboratory isolation procedure resulted in
an average of 97.4 x 104 SVF-cells per ml processed tissue. An average of 6,4 % of the cells reached plastic adherence and were identified to
be CD34-positive, two main features of adipose-derived mesenchymal stem cells. The cross flow filtration without centrifugation resulted in an
average of 4.2 x 104 SVF-cells per ml processed tissue, an average 7.3 % of these cells reached plastic adherence and were identified to be
CD34-positive. At an average with just one step of centrifugation the Q-graft®-system was able to isolate 36.3 x 104 SVF-cells per ml processed
tissue, and an average of 17.4 % of these cells reached plastic adherence and were identified to be CD34-positive.
The remaining collagenase content in the resulting cell suspensions for the filtered solution and the centrifuged solution were below the
physiological collagenase activity. All cell suspensions were without bacterial contamination. In ongoing investigations the CFU content of the
resulting cell suspension, population doubling time of the isolated adMSC as well as their mesenchymal differentiation potential will be
determined. Thus, the successful isolation of the SVF in the closed Q-graft system can clear the way for the clinical application of this promising
cell fraction.
Acknowledgement: This work was financially supported by the European Union and the Federal State Mecklenburg-Vorpommern (EFREproject ARENA, project-No. TBI-V-1-003-VBW-001)
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Catechol conjugated-chondroitin sulphate biopolymer as platform for mesenchymal stem cell culture for tissue
engineering

Piergiorgio Gentile1，Maria A Bonifacio2，Yi Zhang1，Fabio Cucinotta3，Elvira De Giglio2，Ana M Ferreira1
1
School of Engineering, Newcastle University, Newcastle upon Tyne, United Kingdom，2Dept. of Chemistry, University of Bari Aldo Moro, Bari, Italy，3School of Chemistry, Newcastle University,
Newcastle upon Tyne, United Kingdom

Nature provides biomaterials that tend to have an effective approach to control both their adhesive or cohesive properties. A catecholamine
motifs found in the marine mussels, mytilus edulis foot protein, can play adhesiveness and cohesiveness[1]. Particularly, acidic pH drives
catechol to have adhesive function, resulting in surface coating, while basic pH allows to increase its cohesive properties, resulting in the
formation of hydrogels[2]. In this work we demonstrated the usefulness of catechol-conjugated chondroitin sulphate (CS) as a platform for
mesenchymal stem cell culture, utilizing the adhesive property of CS-catechol as coating for bone implants and the cohesive properties as
hydrogel for cartilage regeneration. To prepare the CS-catechol biopolymer, dopamine was coupled to the CS by EDC coupling reaction and
the catechol content was determined by UV-Vis spectroscopy (4.8±0.6%). To demonstrate the adhesive properties of the biopolymer, PLA, PU,
TiO2 and SiO2 substrates were immersed in CS-catechol solution (pH<2). After being coated, the surfaces became high hydrophilic, exhibiting a
contact angle less than 30°. Detection of nitrogen and amide by XPS and FT-IR spectroscopies indicated CS-catechol coating. In addition, in
presence of an oxidizing agent at pH 8, CS-catechol solution immediately became a hydrogel, as shown by inverted-vial test. Finally, TERT
human mesenchymal stem cells (Y201) confirmed the high compatibility of the biopolymer. The coating of CS-catechol significantly facilitated
the Y201 adhesion onto PLA substrate, but on the non-coated substrate Y201 did not adhere tightly and spread over the substrate as shown
by Live/Dead staining. PrestoBlue demonstrated the high Y201 metabolic activity after seeding as spheroids (200000 cells) on the CS-catechol
hydrogel surface. Furthermore Y201 tendency to differentiate into osteoblasts (by measuring ALP and staining mineral deposits) and
chondrocytes (by aggrecan and collagen quantification) was demonstrated after their seeding on CS-catechol films and hydrogels respectively.
Acknowledgements
Dr Gentile and Dr Ferreira are members of the UK EPSRC Centre for Innovative Manufacturing of Medical Devices.
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Comparison of adipose stem cell characteristics in monozygotic twin pairs
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Adipose stem cells (ASCs) are promising candidates for future clinical applications. ASCs have regenerative capacity, low immunogenicity and
ability for immunomodulation. However, the success of the future allogeneic cell-based therapies depends on the appropriate selection of
adipose tissue (AT) donors. Several factors including donor age, sex and body mass index (BMI) have been shown to affect the ASC
characteristics. The aim of the study was to investigate ASC characteristics under the same genetic background using monozygotic (MZ) twin
pairs. ASCs were isolated from AT of weight-discordant (n=5) and weight-concordant MZ twin pairs (n=2). Four of the MZ twin pairs were
male and three were female. ASCs proliferation, multipotency and immunophenotype (CD11b, CD14, CD19, CD34, CD36, CD45, CD54, CD73,
CD80, CD86, CD90, CD105 CD106, CD146, HLA-DR and -ABC) were studied with CCK8 cell proliferation assay, adipogenic and osteogenic
differentiation and flow cytometry, respectively. Adipogenic differentiation was studied with Oil Red O –staining and analysis of adipogenic
marker genes PPARγ and AP2. Osteogenic differentiation was studied with quantitative alkaline phosphatase activity analysis, Alizarin Red
-staining and analysis of osteogenic marker genes RUNX2 and ALP. ASC immunogenicity was studied using one-way mixed lymphocyte reaction
(MLR) and immunosuppression capacity using direct and indirect two-way MLRs. ASC proliferation rate was similar between the MZ twin pairs.
ASCs differentiated similarly towards osteogenic and adipogenic lineages. However, small differences could be seen with expression of the
osteogenic differentiation markers within some of the MZ twin pairs. ASCs showed low immunogenicity and had similar immunosuppression
capacity and immunophenotype. Nevertheless, expression of CD146, CD80 and CD54 were slightly divergent within some of the MZ twin
pairs. Our data suggest that under the same genetic background MZ twin pairs show similar ASC characteristics. Genetic background influence
more on ASC characteristics than the BMI of the donor.
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A HYBRID-MEMBRANE MIGRATION METHOD TO ISOLATE HIGH-PURITY OF ADIPOSE-DERIVED STEM CELLS
FROM FAT TISSUES THROUGH MEMBRANES COATED WITH EXTRACELLULAR MATRICES

Yu-Chun Lee，Akon Higuchi
Department of Chemical and Materials engineering, University of National Central, Taoyuan, Taiwan

Human adipose-derived stem cells (hADSCs) exhibit heterogeneous characteristics, indicating various genotypes and differentiation abilities.
The isolated hADSCs can possess different purity levels and divergent properties depending on the purification methods used. Previously, we
developed the membrane migration method through Nylon mesh filter that purifies hADSCs from a fat tissue solution with extremely high purity
and pluripotency. A primary fat-tissue solution was permeated through the porous membranes (e.g., Nylon mesh) with a pore size from 8 to 25
μm, and the membranes were incubated in cell culture medium for 15-18 days.
In this study, we are developing a new membrane migration method using Nylon mesh membranes having optimal pore sizes, 11 and 20 μm,
and PLGA/silk membranes where optimal extracellular matrix (ECM) is coated on the membranes, which can purify hADSCs. The isolated
hADSCs are expected to have high pluripotency and high differentiation ability into chondrocytes, osteoblasts and adipocytes. We isolated
hADSCs from adipose tissue by the membrane migration method where different substrates are used, e.g., (a) Nylon mesh (pore size=11 or 20
μm) and PLGA/silk membrane, (b) Nylon mesh (pore size=11 or 20 μm) and PLGA/silk membrane coated with collagen type I, (c) Nylon mesh
(pore size=11 or 20 μm) and PLGA/silk membrane coated with human recombinant-vitronectin, (d) Nylon mesh (pore size=11 or 20 μm) and
PLGA/silk membrane coated with human fibronectin. Collagen type I is xeno-containing materials, another extracellular matrices (ECMs) are
xeno-free materials. The hADSCs that migrated from the membranes keep an extremely high percentage (e.g., >98%) expression of
mesenchymal stem cell markers (CD44, CD73, and CD90) and show almost one order of magnitude higher expression of some pluripotency
genes (Oct4, Sox2, and Nanog) compared with cells isolated using the conventional culture method.
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Interpositional jump-graft using a hybrid artificial nerve-conduit with adipose-derived stem cells for rat facial
nerve paralysis model

Wataru Kamei，Hajime Matsumine，Mari Shimizu，Satoshi Tsunoda，Kazuki Hashimoto，Hiroshi Fujimaki，Hiroyuki Sakurai
Department of Plastic and Reconstructive Surgery, Tokyo Women's Medical University, Tokyo, Japan

Introduction: Facial paralysis such as Bell's paralysis suddenly occurs in healthy individuals, and although the most of cases heal by
conservative treatment, some of them have obstacle disorder and significantly decrease quality of life. For such cases, an interpositional jumpgraft (IPJG) with the hypoglossal nerve as a motor source was performed, and a number of reports have unveiled favorable clinical outcomes.
However, for using the technique, an autologous nerve must be obtained, and depending on the donor site, unavoidable issues such as nerve
disorders are given to the patients.
Objective: To avoid the harvesting autologous nerve graft, this study investigated the efficacy of an IPJG using a hybrid artificial nerve conduits
with adipose-derived stem cells in a rat facial nerve paresis model.
Methods: A ligature clip was used to crush the facial nerve trunk, thereby creating a partial facial nerve paresis model. A 10-mm-long
biodegradable artificial nerve-conduit containing ASCs used to create an IPJG between the facial nerve trunk and the hypoglossal nerve (ASCs
group). Thirteen weeks after the surgery, the outcome was physiologically compared with conventional IPJG with autograft using the greater
auricular nerve (autograft group), non-ASCs artificial nerve group (non-ASCs group) and non-treated group (control group).
Results: Compound muscle action potential amplitude was highest in the autograft group (4352 ± 1587 μV), followed by the ASCs group
(3224 ± 1778 μV), non-ASCs group (1960 ± 445 μV), and then control group (687 ± 490 μV). In the ASCs group, amplitude was
significantly higher than in the non-ASCs group (P < 0.05). Myelin thickness of autograft group (0.79 ± 0.03 μm) was significantly higher than
that of ASCs group (0.68 ± 0.29 μm) (P < 0.01), and that of ASCs group was significantly higher than that of non-ASCs group (0.44 ± 0.03 μ
m) (P < 0.01). Autograft, non-ASCs, and ASCs groups showed a myelinated nerve regeneration with double innervation in hypoglossal and facial
nerve nuclei for vibrissal muscle.
Conclusion: This study found that a conventional IPJG technique with an autologous nerve can be substituted with a hybrid artificial nerveconduit with ASCs in a rat model with partial facial nerve paresis.
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Educational and training on Stem Cells and Regenerative Medicine program for undergraduate medical students as
an elective course at a Public School Medicine in Colombia: A 8-year Experience
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With the advance of technologies and tools on regenerative medicine and the knowledge of the potential of Stem Cells during the last years, it
has become necessary to encourage the undergraduate students of Schools of Medicine all over the world to understand basic sciences and
take them to medical practice. Therefore, universities even in middle-income countries, have to develop academic opportunities where
students can be trained in regenerative and translational medicine.
Since March/2010 to December/2017 the Universidad Militar Nueva Granada (Bogotá, Colombia) has been developed an elective course as
an opportunity for students who are interested in deepen their understanding on regenerative medicine for encouraging them to participate in
laboratory investigative practice. This course consist of 5 levels, each one takes 20 weeks, every student must to be enrolled for at least 1 year,
after that time they are allowed to carry out basic laboratory practices.
The goals of this course are to promote the knowledge of biological bases, typical characteristics and functions of human stem cells; to learn
the advances in basic research and technological development about cellular and genetic manipulation with somatic cells and human stem
cells applied to tissue regeneration; to develop a critical and analytical thinking that allows to expand the student knowledge and research
capacity. To integrate the theory and practice in order to optimize their professional development on cell therapy and regenerative medicine.
Additionally, to know the policies of research, patent regulation and approval of the use of biocomposites by government agencies of cellular
components, biomaterials for treatment of human pathologies, as well as ethical concerns.
Hence, during this period in our course 19 students have been trained in human stem cells collecting from different source: adipose tissue,
Wharton jelly, menstrual blood, bone marrow and bone tissue. Aseptic techniques for primary cell culture and maintenance in some cases till
passage 7; cryopreservation, reagents preparation for nucleic acid extraction, differentiation assays and cytogenetics analysis.
In addition, this practices allow students to improve their way of thinking for giving a feedback about their outcomes as well as possible
solutions to troubleshoot experimental problems along with the understanding of basic knowledge about regenerative and translational
medicine based on stem cells for clinical practice.
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Musculoskeletal diseases are the second greatest cause of disability worldwide. The use of autologous mesenchymal stromal cells (MSCs)
combined with biomimetic scaffolds for tissue replacement/repair is a promising treatment strategy. However, these technologies require high
MSC numbers, which often need in vitro expansion, which is time consuming and requires cell manipulation, impacting adversely on treatment
costs and even patient safety. There is an urgent need for new approaches to enable enrichment of MSCs within intra-operative time-scales
and with minimal-manipulation. The aim of this project was to develop a novel cell-separation device to meet these needs.
We have developed a remote dielectrophoresis (DEP) device which operates by creating virtual electrodes within a microfluidic channel using
shear-horizontal surface acoustic waves (SH-SAWs), generated on a piezoelectric material. This differs from all previous SAW- or DEP-based
separations by exploiting multiple symbiotic effects, which overcomes the limitations of either technology in isolation. Together, this yields a
high-throughput cell separation technology which operates in high-conductivity, physiological-like fluids without cell-labelling, heating or
electrochemical reactions occurring. We demonstrated proof of concept operation of the device using MSCs from human dental pulp tissues.
Separation of viable from non-viable MSCs was achieved in physiologically-relevant medium at a throughput of ~105 cells/min and an
enrichment efficiency > 98%.
To investigate the effects of a range of input parameters (e.g. power, particle size and microfluidic channel height) of the remote
dielectrophoresis on the MSC enrichment, we developed a 3D finite-element model using COMSOL Multiphysics. The model was
experimentally validated using latex-spheres to optimise throughput and selectivity and showed that throughput could be increased by
exploiting the vertical DEP forces in the channel. We have also used 3DEP, a commercial system that characterises the dielectric properties of
cells based on their DEP response at different frequencies. Determining the properties of the different cells found in bone marrow allows our
devices to be targeted for the enrichment of (clinically relevant) musculoskeletal MSCs. We conclude that SAW-DEP based technology has the
potential to enrich MSCs with minimal cell manipulation for immediate intra-operative implantation.
Acknowledgments: funded by the EPSRC (EP/L014823/1).
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Human mesenchymal stem cells (hMSCs) are one of the most commonly and successfully used cell source in clinical applications. However, to
expand the manufacturing volume of such cell source as regenerative medicine products, the maintenance of their quality, which is multipotency of differentiation and satisfactory growth rate, requires new technologies. At present, daily maintenance of hMSCs daily quality along
their culture is dependent on human decisions based on microscopic observations. For more stable and safe hMSC treatment, image-based
cellular quality maintenance technology offers a great potential to solve their problems in industrial manufacturing.
Our group has been investigating the use of non-labeled phase contrast microscopic images to non-invasively assess, record, and monitor their
cellular quality, which conventionally had been evaluated invasively. By the technological combination of “image-processing” and “machine
learning AI-related technology”, we have been proposing that only several time-course microscopic images can enable to predict the future
occurring quality collapse.
In the process of mass manufacturing of hMSCs, cryopreservation is an essential process for the banking. However, by the strong stress and
effect from the freeze and thaw process, hMSCs often tend to show sudden and unexpected performance decay after the cryopreservation. To
predict such post-performance of hMSCs after their banking process, we here introduce an image based technology using fingerprint of hMSCs
morphology.
Acknowledgments:
Authors are grateful for financial support from the Japan Science and Technology Agency (JST) Program for Creating STart-ups from Advanced
Research and Technology (START Program) program, and Program for Leading Graduate Schools “Integrative Graduate Education and Research
in Green Natural Sciences” from the Ministry of Education, Culture Sports, Science and Technology (MEXT) of Japan.
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Slow and fragmented release of sericin from silk mat induces tumour necrosis factor- α and indirectly regulates
bone formation

Seong-Gon Kim，Yei-Jin Kang
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The content of sericin is different to the silk mat layer. Accordingly, the level of sericin release from each layer is also different. The sericin
release was evaluated for the TNF-α expression level in murine macrophages. The concentration of protein released from silk mats was higher
in the outermost and the innermost layers than in the middle layers. The level of TNF-α in murine macrophages was dependent on the applied
concentration of sericin, and the expression of genes associated with osteogenesis in osteoblast-like cells was dependent on the applied
concentration of TNF-α. In animal experiments, silk mats from the middle layers led to a higher regenerated bone volume than silk mats from
the innermost layer or the outermost layer. If TNF-α protein was incorporated into the silk mats from the middle layers, bone regeneration was
suppressed compared with unloaded silk mats from the middle layers. Accordingly, silk mats from the silk cocoon can be considered to be a
fragmented sericin-secreting carrier, and the level of sericin secretion is associated with TNF-α induction and bone regeneration.
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Role of TNS3 on the proliferation and differentiation of tonsil-derived mesenchymal stem cells
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Human palatine tonsils have emerged as a new potential tissue source of multipotent mesenchymal stem cells (MSCs). The proliferation rate of
palatine tonsil-derived MSCs (T-MSCs) was far higher than that of bone marrow-derived MSCs (BM-MSCs) or adipose tissue-derived MSCs
(A-MSCs). We already knew that tensin-3 (TNS3), a type of focal adhesion protein, was found to be highly expressed in T-MSCs compared with
those in both BM-MSCs and A-MSCs by DNA microarray in our previous study. In present study, we tried to find out about the role of TNS3 role
in the biology of T- MSCS and its relationship with integrin. Real-time PCR analyses confirmed that the expression of TNS3 was significantly
elevated in T-MSCs compared with those in A-MSCs and BM-MSCs. Cell growth curves showed a difference between untreated and siTNS3treated T-MSCs. We also found that when TNS3 was blocked, both total and active b1-integrin is significantly reduced, but it didn’t recover
even after recombinant b1-integrin added. Treatment with siTNS3 resulted in a increase in the level of P21, and an overall decrease in the level
of ERK, ARK, FAK and JNK in western blotting. Treatment with sib1-integrin also had similar results to that of siTNS3. The adipogenic,
osteogenic, and chondrogenic differentiation of T-MSCs was significantly reduced following siTNS3 transfection. These findings indicate that
TNS3 plays an important role through regulating b1-integrin in proliferation of T-MSCs. TNS3 also influences the adipogenic, osteogenic and
chondrogenic differentiation of T-MSCs.
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The use of a 3D collagen matrix cell sheet and decellularized dermis to regenerate the mucosal layer in a
bioengineered laryngeal transplant

Nick Hamilton1,2，Angela Tait1，Martin Birchall1,2
University College London, London, UK，2Royal National Throat Nose & Ear Hospital, London, UK

1

Success in replacing a cancerous larynx with a bioengineered larynx would revolutionise the treatment of laryngeal cancer. One of the
fundamental challenges in achieving this ambitious goal is regenerating the internal lining (mucosa) to provide a barrier against infection and
restore key physiological functions such as mucus clearance. To achieve this, we designed a two-stage procedure using decellularized dermis
to reconstruct the basement membrane and a cell sheet to regenerate the epithelial layer.
To fabricate the cell sheet, human upper airway epithelial cells and fibroblasts were isolated from biopsies and expanded in FMED media
containing a RHO-Kinase inhibitor (Y-27632). After passage two, cells were trypsinized and embedded within rat-tail collagen I. The collagen gel
was dehydrated using custom-made absorbers (RAFTTM, Lonza) to deliver a mechanically stable collagen sheet with cells embedded within.
4cm2 sections of decellularized porcine cartilage lined with decellularized human dermis were grafted into subcutaneous pockets over the
flanks of NOD SCID mice and left to vascularize for eight weeks. After this period, the wound was opened and the cell sheets grafted onto the
surface of the dermis lined cartilage. Constructs were retrieved at two weeks and two months and prepared for histology.
Immunofluorescent staining for the epithelial marker Cytokeratin 5, the cell viability marker Calcein and the human cytoplasmic marker
STEM121 demonstrated a live population of human epithelial cells within the collagen sheet two weeks post grafting. Positivity for the
basement membrane extracellular matrix (ECM) proteins collagen IV and laminin V were also shown on the surface of the dermis. At two
months, live human epithelial cells were again demonstrated and staining with haematoxylin and eosin showed an organized stratified
squamous cell layer on the surface of the dermis lined cartilage that was representative of upper airway mucosa.
To our knowledge, this is the first example of an in-vivo bioengineering method using cell sheets to successfully regenerate upper airway
mucosa on cartilage in the long-term. This technique highlights the importance of ensuring adequate vascularization and the correct ECM
environment. Whilst a delay exists between implantation and complete mucosal regeneration, the dermis and collagen embedded cell layer
are likely to act as a sufficient barrier against infection in the early stages.
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Effective Peripheral Blood Mononuclear Cells Promote the Regeneration of Radiation Injured Salivary Glands

Yoshinori Sumita1，Takashi I2，Mayumi Iwatake1，Takako Yoshida1，Simon D Tran3，Takayuki Asahara4，Izumi Asahina2
1
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of Craniofacial Tissue Engineering and Stem Cells, Faculty of Dentistry, McGill University, Montreal, Canada，4Department of Regenerative Medicine Science, Tokai University School of
Medicine, Isehara, Japan

There are currently no effective treatments available for patients with the irreversible loss of salivary gland (SG) function caused by radiation
therapy for head and neck cancer. Meanwhile, we have recently developed an effective culture system of peripheral-blood mononuclear cells
(PBMNCs) with serum-free medium containing 5 recombinant growth factors (5G-culture), and found this culture method can successfully
enhance the anti-inflammatory and vasculogenic potentials of PBMNCs in a short period (for 5-7 days). In this study, we investigated whether
5G-cultured PBMNCs (Effective-MNCs; E-MNCs) can regenerate radiation-injured salivary tissues and ameliorate salivary secretory function in
mice. Mouse PBMNCs were expanded in 5G-culture for 5-days, and the resulting enriched population in E-MNCs had characteristics of M2polarizing macrophages (CD11b+/CD206+ cells). Then, 1x105 E-MNCs were injected intra-glandular into mouse submandibular glands after
3-days of local-irradiation. As results, salivary secretory function in E-MNCs-transplanted mice gradually recovered after 4-week post-irradiation
(post-IR), and reached a 4-fold higher than that of non-transplanted mice at 12-weeks post-IR. EGFP-expressing E-MNCs were detected in a
portion of vascular endothelium and perivascular gland tissue at 2-week post-IR, but only in some microvessels at 3-weeks. Between 4-12
weeks post-IR, mRNA-expression and histological analyses revealed that E-MNCs transplantation reduced the expression of inflammatory genes
and increased the level of tissue regenerative activities such as stem cell markers, cell proliferation and blood vessels formation. At 12-week
post-IR, areas of acinar and ductal cells regenerated, and the glands had less fibrosis. Moreover, when carried out the injection at 4-weeks
after irradiation as a disease established model, E-MNCs could also ameliorate the hypofunction of damaged glands. We conclude 5G-culture
of PBMNCs is a simple, rapid, efficient method and provides a non-invasive source of therapeutic cells for regenerating radiation-injured
atrophic salivary glands. Currently, we prepare the first-in-human study to investigate whether E-MNCs can treat the radiation-induced
xerostomia in patients.
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SWALL-E:  A ROBOTIC SYSTEM MIMICKING THE DYNAMICS OF SWALLOWING FOR DEVICE TESTING

Nihal Engin Vrana，Nicolas Perrin，Julian van der Giessen，Fabrice Neveu，Yo Fujiso
Protip Medical, Strasbourg, France

Swallowing is a complex physiological function involving synchronized movements of several anatomical structures. Any engineered system
(such as implants, engineered tissues) that aims to replace fully or partially a component of the system should be tested in vitro in
physiologically relevant conditions. However, currently there are no high fidelity in-vitro models of swallowing available for medical device
testing and development. In order to fill this gap we designed and developed a robotic simulation of the pharyngeal phase of swallowing
(Swall-E). The system is composed of an anatomical conduit (including tongue base, pharynx, larynx and upper esophagus), high speed
cameras and actuators. Seventeen actuators integrated in the robot provide mechanical movements pertaining to important physiological
mechanisms that happen during the pharyngeal swallowing, such as pharyngeal contraction, vocal fold closure, elevation of larynx and tilting of
epiglottis. The associated computer interface allows a high level of control of the actuation (spatio-temporal accuracy of 0.025 mm and 20 ms).
We have demonstrated that Swall-E system can mimic a normal pharyngeal swallowing in less than 1 s for 10 ml of thick food bolus, without
any aspiration or penetration of the injected bolus in the synthetic laryngo-tracheal duct. Normal and pathological swallowing (such as
swallowing problems due to neurological disorders) sequences can be mimicked in the presence of implants. The presented robotic simulation
system can be used for testing of engineered tissues for larynx, vocal folds, trachea and esophagus in a mechanical environment highly similar
to that of in vivo conditions.
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Development of a Micropatterned Fish Scale Collagen Scaffold to Manufacture a Tissue-Engineered Oral Mucosa   

Ayako Suzuki1,2，Hiroko Kato1,3，Takahiro Kawakami4，Yoshihiro Kodama4，Mayuko Shiozawa5，Emi Hoshikawa1,6，Kenta Haga1,7，Aki Shiomi8，
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We previously developed a scaffold made of fish scale collagen (1% type I collagen gel mixed with 1% chondroitin sulfate) to construct a
tissue-engineered oral mucosa (TEOM), and simply put undulation on one side of the matrix by non-woven fabric compression to prevent the
overlying epithelial layer from exfoliating for future clinical use. Recent interest of bilayered skin substitutes is mimicking the topography of the
“dermal-epidermal junction (DEJ)” with micropatterned scaffolds, which provides keratinocyte niches. Since the DEJ topographical features of
oral mucosa are different from that of skin, specific topographical research is needed. Thus, we aimed to develop a two-step protocol to
fabricate several types of micropatterned collagen scaffold by using MEMS technology and evaluate the epithelial regeneration. We attempted
to design two types of micropattern, grid and pillar, associated with rectangle and wave-shape, respectively. The dimensions of connective
tissue papilla were 200 μm in height and 100 μm in thickness, with 200 μm of channel width. With a combination of isotropic and
anisotropic etching, we first built a silicon semiconductor substrate, then fabricated four types of micropatterned mold, as a negative mold for
collagen gel matrix, made of dimethyl polysiloxane (PDMS). After the collagen solution was poured into the PDMS molds, they were placed into
an incubator to induce fibrogenesis. Then the collagen gels received γ irradiation for cross-linking and sterilization. According to our human
clinical protocol, TEOMs were manufactured by seeding primary oral keratinocytes onto the scaffolds at a density of 2.6 x 105 cells/cm2, with
EpiLife® medium. They were then prepared for histologic examination. The dimension of the PDMS negative molds having wave-shape was
fabricated as designed, in contrast to the rectangle ones showing slight deformation. Subsequently, we were able to fabricate the scaffold, grid
patterned with rectangle shape, as designed. In contrast, other scaffolds had minor defects, mostly due to incomplete solution filling. All of the
TEOMs developed a continuous, fully-differentiated epithelial layer, which was thicker than two control TEOMs generated on the flat surface
scaffold and a human cadaver dermis. Although our protocol to fabricate collagen gels needs to be further improved, our platform technique
would be an effective tool to investigate the optimal topography for oral mucosa tissue engineering.
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Characteristic analyses of spheroids from oral mucosal cells in mice

Ni Li1，Xianqi Li1,2，Kai Chen1，Hongwei Dong1，Michiko Yoshizawa1,2，Hideaki Kagami1,2
1
Department of Hard Tissue Research, Graduate School of Oral Medicine, Matsumoto Dental University，2Department of Oral and Maxillofacial Surgery, School of Dentistry, Matsumoto Dental
University.

Abstract Objectives: Sphere-forming cells from skin are known to contain pluripotent stem cells. Although oral mucosa is also known as an
excellent cell source of somatic stem cell, the characteristics of spheroids from oral mucosal cells are not well known. In this study, we
established the spheroid culture from mouse oral mucosal cells and investigated its characteristics.Materials and Methods: The oral mucosa
and skin cells were obtained from the palate and the back skin of C57BL/6J mouse, respectively using a conventional explant culture
technique. P2-P3 cells were used for the following experiments. The cells (1.5×104/cm2) were inoculated into a sphere-forming culture plate.
Gene expression in the spheroids were analyzed at 12h, and day 1, 3 and 5 after cell seeding using quantitative real-time PCR (qRT-PCR).
Embryonic stem cell markers (SSEA1, SOX2, OCT4) and neural cell makers such as nestin and P75 were analyzed. The expression of stem cell
markers were also analyzed using immunofluorescence (SSEA1, SOX2, OCT4, nanog, nestin, vimentin, CD44) and alkaline phosphatase (AP)
staining. To investigate neurogenic differentiation, the sphere-forming cells were maintained in a neurogenic induction medium for 7 days and
the expressions of specific makers (nestin, βIII-tubulin, MAP2, S100β) were analyzed by qRT-PCR and immunofluorescence. Results: Sphereforming cells from oral mucosa expressed significantly higher stem cell marker genes (SSEA1 and SOX2) as compared with those of twodimensional culture. Immunofluorescence showed that spheroids from oral mucosal cells were positive for neural stem cell makers such as
nestin and embryonic stem markers such as SSEA1, SOX2, OCT4 and Nanog as well as AP activity. Additionally, sphere-forming cells from oral
mucosa have the capability to differentiate into neural cells and Schwann cells under appropriate culture conditions.Conclusions: Sphereforming cells from oral mucosa contain highly potent somatic stem cells and exhibited neural differentiation. It might be a reasonable approach
to apply spheroids or spheroid-derived cells for regeneration therapy of neurological disorders.
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Generation and analysis of spheroid from mouse compact bone-derived cells
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Abstract
Objectives: Spheroid culture has been reported beneficial for tissue engineering and cell therapy, since it is regarded as more physiological
and may better preserve the characteristics of stem cells than conventional two-dimensional culture. Although compact bone-derived cells
(CBDCs) have been reported as an abundant cell source for mesenchymal stem cells, the character of spheroids from CBDCs is not well
known. The purpose of this study was to characterize the nature of spheroid from mouse CBDCs and to compare that with two-dimensional
culture.
Materials and Methods: CBDCs were isolated from mouse (C57BL/J) leg cortical bone after dissection and collagenase treatment. The cells
were cultured on a conventional dish and the cells at passage 2 or 3 were used for the following experiments. After transfer to a spheroidforming plate, spheroids were harvested at 12h, day 1, 3 and 5 after cell seeding and the expressions of stem cell markers (SSEA-1, SOX-2)
were analyzed using quantitative real-time PCR (qRT-PCR). Spheroids were transferred on a conventional culture dish and induced into
osteogenic cells. The expression of osteogenic marker genes (Osterix, BSP and DMP1) was analyzed and compared with that of twodimensional culture.
Results: After cell seeding to the spheroid-forming plate, spheroids were observed as early as 12 hours and the number peaked at day 1, then
gradually decreased. The qRT-PCR results showed that the expression of SSEA-1 and SOX-2 in sphere-forming cells were significantly higher
than those of two-dimensional culture from 12 hours to day 3. After osteogenic induction, the expression of osterix, BSP and DMP1 were higher
in spheroid-derived cells at day 7 and day 14.
Conclusions: CBDCs can form spheroids stably and spontaneously at an optimal condition. The higher expression of stem cell markers and
osteogenic inducibility in spheroids showed that the spheroids from CBDCs contain highly potent stem cells, which might be useful for various
tissue engineering.
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Application of basic fibroblast growth factor to the extraction socket prevents the occurrence of bisphosphonaterelated osteonecrosis of the jaws after tooth extraction: An experimental study in rats

Mitsuhiko Imada1，Takahiro Yagyuu1，Yoshihiro Ueyama1，Masahiko Maeda1，Kazuhiko Yamamoto1，Satoshi Kurokawa1，Jun-ichiro Jo2，
Yasuhiko Tabata2，Tadaaki Kirita1
1
Depertment of Oral and Maxillofacial Surgery, Nara Medical University, Nara, Japan，2Laboratory of Biomaterials, Department of Regeneration Science and Engineering, Institute for Frontier
Life and Medical Sciences, Kyoto University, Kyoto, Japan

Purpose: Osteonecrosis of the jaw induced by administration of bisphosphonates (BPs), BP-related osteonecrosis (BRONJ), typically develops
after tooth extraction and is medically challenging. Because BRONJ is often refractory to treatment and tends to be progressive, a means of
preventing its development is required. The pathogenesis of BP-induced BRONJ is thought to involve inhibition of osteoclastic bone resorption
and remodeling, inhibition of angiogenesis, soft tissue toxicity, immune dysfunction, etc. On the other hand, it is known that bFGF promotes
proliferation of osteoblasts, differentiation and migration of osteoclasts, angiogenesis, mucosal healing, and immune function. Therefore, we
examined whether the onset of BRONJ could be prevented by applying a bFGF-containing gelatin hydrogel over the extraction sockets of rats
that had been administered BPs.
Methods: Forty-two BRONJ-model rats underwent extraction of the bilateral lower first molars. Extraction sockets were randomly assigned to
the bFGF group (n = 28 sockets, gelatin hydrogel sheets, with incorporated bFGF, applied over the sockets); the phosphate-buffered saline
(PBS) group (n = 28 sockets, gelatin hydrogel sheets, without bFGF, applied over the sockets); or the control group (n = 28 sockets, nothing
applied over the sockets). Twenty-one rats were sacrificed at 3 weeks, and the remaining 21 rats were sacrificed at 8 weeks after tooth
extractions. The harvested mandibles were analyzed using micro-computed tomography and sections were evaluated semi-quantitatively for
mucosal disruption and osteonecrosis.
Results: The incidence of osteonecrosis at 3 weeks after tooth extraction was 14.3% in the bFGF group, 78.6% in the PBS group, and 64.3% in
the control group. The frequency of complete coverage of the extraction socket by mucosal tissue was significantly greater in the bFGF group
than in the other groups. On the other hand, the incidence of osteonecrosis at 8 weeks after tooth extraction was 14.3% in the bFGF group,
78.6% in the PBS group, and 92.9% in the control group, showing a markedly lower rate in the bFGF group than in the other groups.
Conclusions: These results suggest that application of bFGF in the extraction socket promoted mucosal healing in the extraction socket was
facilitated by bFGF, which markedly prevented BRONJ development. Elucidation of the mechanism by which bFGF inhibits the occurrence of
BRONJ may clarify the pathology of BRONJ, which remains unclear at present.
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3D models of head-neck squamous cell carcinoma via tissue engineering

Serena Danti1,2，Claudio Ricci2,4，Luisa Trombi1,2，Alessandra Fusco2,3，Delfo D'Alessandro4，Luca Bruschini4，Giovanna Donnarumma2,3，
Alessandro Franchi5，Stefano Berrettini4
1
Dept. of Civil and Industrial Engineering, University of Pisa, Pisa, Italy，2Consorzio Interuniversitario Nazionale per la Scienza e Tecnologia dei Materiali (INSTM), Florence, Italy，3Dept. of
Experimental Medicine, University of Campania, Naples, Italy，4Dept. of Surgical, Medical, Molecular Pathology and Emergency Medicine, University of Pisa, Pisa, Italy，5Dept. of Translational
and New Technologies in Medicine and Surgery, University of Pisa, Pisa, Italy

Introduction
Head and neck squamous cell carcinoma (HNSCC) affects oral and nasal cavities, paranasal sinuses, pharynx, larynx and parotid glands.
HNSCC is the 6th leading cancer by incidence worldwide and 8th by death, with a 5-year survival rate of about 50%. For a better understanding
of HNSCC biology and development of higher efficacy therapies, 3D in vivo models using patient’s cells can be very valuable. In this study, we
set up a 3D model of HNSCC using both a cell line (FaDu) and primary cells (named TCCR3) from a patient affected by larynx HNSCC. The cells
were cultured on different scaffolds to select the one in which the tumor morphology was most similar to that of HNSCC.
Materials and Methods
Poly(vinyl alcohol)/gelatin (PVA/G) with weight composition 100/0-50/50 w/w, fully characterized (1), were selected for cellular
investigations. The interaction of the sponges with FaDu cells was evaluated via RT-PCR at 6 h and 24 h by assaying the expression of proinflammatory cytokines IL-1 alfa, IL-1 beta, IL-6, IL-8 and TNF-alfa, anti-inflammatory cytokine TGF-beta, and antimicrobial peptide human beta
defensin-2 (HBD-2). The sponges were cultured with FaDu and TCCR3 cells for 10 days. Biological analyses included metabolic assays
(AlamarBlue test), scanning electron microscopy (SEM), and immunohistochemistry (IHC) for TGF-beta 1, MMP-2, MMP-9, IL-6, integrins alfa 5,
alfa 2, and Smad4.
Results and Discussion
Presence and viability of FaDu cells diminished ranging from PVA/G 100/0 to 50/50, being PVA/G 100/0 and 90/10 the best colonized with
cells coating pore surface in multilayer structures and 50/50 almost empty. Differently, TCCR3 cells colonized all the PVA/G compositions, with
best HNSCC morphology in the intermediate range PVA/G 90/10 -70/30, while in the outer compositions the cells were aggregated in large
clusters. First RT-PCR results performed on FaDu cells and PVA/G sponges showed down-regulation of all the pro-inflammatory cytokines
tested, but IL-8, which may have a role in tumor angiogenesis. IHC analysis highlighted that IL-6, MMP-9 and Smad4 were expressed most
intensely in the TCCR3 cell/scaffold model.
Conclusion
Poral and compositional features of PVA/G scaffolds specifically affected the capability of 3D arrangement in FaDu and primary TCCR3 cells.
These 3D in vitro models may help disclosing HNSCC biology, and finally developing personalized therapies.
Reference
1. De La Ossa et al. Macromol. Mater. Eng. 2017, 1700300.
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Increased expression of calcium voltage-gated channel expression in aging vocal fold by comprehensive
transcriptome analysis of next generation sequencing  

Byungjoo Lee，Sungchan Shin，JiMin Kim
Department of Otorhinolaryngology, Pusan National University, Busan, Korea

The characteristics of the aging vocal fold are thin lamina propria and the change of extracellular matrix composition of lamina propria. There is
not yet much research on this mechanism yet. We investigated the change of genes of vocal fold in aging rats by next generation sequencing
(NGS) analysis for the lamina propria tissue of old and young rats.
The authors performed the hematoxylin-eosin staining, Verhoeff staining and immunohistochemistry in vocal fold for aging related genes in old
rats compared to young rats. NGS was performed for the harvested lamina propria of the vocal folds in old and young rat. NGS data were
analysed by the functional annotation and network analysis.
The cellular density of lamina propria and expression of elastin were decreased in old rats (p<0.05). The expression of collagen type I was
increased and denser in the 22 months old rats compared with 6 months old rats (p < 0.05). However, the rats showed unchanged in collagen
III and hyaluronic acid deposition in aging vocal fold.
After NGS data analysis, the 8 genes were identified, such as, Cacng1, Cacnb1, Mylk2, Actn3, Mybpc2 Prkag3, Myom2 and Cacna1s. In
immunohistochemistry, the expression of calcium voltage-gated channel related genes (Cacng1, Cacnb1, and Cacna1s) were increased in aging
vocal fold than young rat.
NGS analysis of the lamina propria of young and old rats revealed that calcium channel related genes were increased in aging vocal fold.
Further studies on the role of the calcium channel in vocal fold aging are needed.
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MSC delivery by hyaluronic acid to treat vocal fold scarring
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Vocal fold scarring remains one of the most debilitating conditions affecting voice. Normal phonation requires not only adequate neuromotor
function as supplied by the vagus nerve but also sufficient pliability of vocal fold soft tissue to permit complex mucosal wave motion.
Approaches to improve healing after surgery where scar is removed includes the use of cells and scaffolds to be implanted at the site of injury.
In our work, we employed injectable hyaluronic acid gels, and bone marrow-derived human mesenchymal stromal cells (hMSC) to evaluate if
the could provide a functional improvement. The hyaluronic acid (HA) hydrogel scaffold was designed to be rheologically matched with rabbit
vocal folds. A vocal fold scar was manifested in the rabbit model. The scar tissue was resected, and the HA gel precursors were combined with
hMSCs and injected in the circumferential zone. Subsequent healing demonstrates normalised morphological appearance after two months and
also reduced scarring and a viscoelastic behaviour similar to native tissue.
In a pilot study with 8+8 patients with hoarseness and scarring the scar was removed and autologous MSCs implanted by injection with and
without hyaluronic acid gel scaffold. The follow-up six months and twelve months postoperatively demonstrated functional improvement in 9
(16) patients.
While earlier work suggests differentiation of hMSCs to functional cells to become part of the regenerating tissues, the engraftment and
survival in our hands where disappointingly low with only 3.3% at day 2 and 0.6% at day 4. The likely explanation for the improved outcome is
due to the immunomodulatory signals secreted by the hMSCs rather than their differentiation to functional tissue. More specifically, hMSCs
have been demonstrated to express various chemokines, cytokines, growth factors and proteases that positively affect the healing process with
what has been termed the paracrine mechanisms. From the rabbit model, we learn that MSCs enhance recruitment of anti-inflammatory
macrophages, reduces inflammation and collagen deposition, enhance restoration of lamina propria but also that tissue repair is not mediated
by MSC engraftment.
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Efficiency of low-level laser therapy to prevent tracheal stenosis in an animal model
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Background : Tracheal stenosis may be caused by prolonged endotracheal intubation and may lead to serious airway obstruction. In this study,
we evaluated the efficiency of low level laser therapy (LLLT) to prevent tracheal stenosis in an animal model of tracheal stenosis.
Materials and method : Diode laser of 635nm was used for LLLT. In vitro study was conducted with human trachea fibroblast cell line to verify
inhibition of cell proliferation. In vivo study was conducted with 16 New Zealand White Rabbits. Tracheal injury was given 2 cm below the level
of vocal cord as it was described in our previous study of tracheal stenosis animal model using diffuse laser irradiation (1470 nm, diode laser).
LLLT was given to LLLT group (n=8) on the day of injury and 3 days after injury. The other 8 rabbits were not treated. Rabbits in each group (4
rabbits in each group) were sacrificed 2 weeks after initial tracheal injury. Endoscopic and histologic review of the trachea was conducted to
evaluate the thickness of submucosal layer, grade of inflammation, and amount of collagen.
Results : In vitro study with human tracheal fibroblast cell revealed inhibition of fibrogenesis in LLLT group. In vivo study showed smaller
thickness of submucosa, lesser amount of inflammation and smaller amount of collagen deposition in LLLT group.
Conclusion : LLLT with 635nm diode laser may be useful to prevent or ameliorate tracheal stenosis in early phase of tracheal injury which may
lead to tracheal stenosis.
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Comparison of The Effects of Growth Factors Supplemented to Collagen Sponge Scaffold on Rat Tracheal Epithelial
Regeneration: Contrasting Effects of bFGF and EGF on the Regeneration of Cilia motility
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Tracheal epithelium prevents the invasion of extraneous particles and infectious materials by barrier and mucociliary clearance functions.
Following tracheal reconstruction, functional, as well as morphological, regeneration of epithelium is required to prevent respiratory
compromise and infectious diseases. Although growth factors can be candidates for promoting regeneration of tracheal epithelium, the effects
of growth factors on functional tracheal epithelial regeneration are still unclear. We investigated the effects of inslin-like growth factor-1 (IGF-1),
and basic fibroblast, hepatocyte and epidermal growth factors (bFGF, HGF and EGF) on tracheal epithelial regeneration in transplantation
study. Partial tracheal defects surgically formed in rats, were transplanted with collagen sponge supplemented with IGF-1, bFGF, HGF or EGF.
Immunofluorescent study suggested that EGF and bFGF contributed to regular distribution of tight junction molecules in the epithelia formed in
reconstructed regions. Tracer permeability assay suggested that EGF and bFGF promoted regeneration of barrier function. Promoted
ciliogenesis was observed by scanning electron microscopy in the region reconstructed with EGF- and bFGF-supplemented collagen sponges.
However, the region reconstructed with bFGF-supplemented collagen sponge showed greater microsphere transport activity than that
reconstructed with EGF-supplemented one, This study suggested that bFGF is useful for promoting functional regeneration of tracheal
epithelium.
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Proteomic Analysis of Nasal Fibroblast Secretory Product That Accelerates In Vitro Wound Healing of Respiratory
Epithelial Cells
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Secreted proteins or conditioned medium from cultured cells is known to promote wound healing. Our previous study showed that nasal
fibroblast-derived conditioned medium (NFCM) promotes cell migration in an in vitro wound model. Therefore, the aim of this study was to
identify the secreted proteins in NFCM. Nasal turbinates were obtained from consenting patients who underwent turbinectomy procedures.
Respiratory epithelial cells (RECs) and fibroblasts were co-cultured in Defined Keratinocytes Serum Free Medium (DKSFM), F-12 and Dulbecco’s
Modified Eagle’s Medium. Once confluent, the fibroblasts were removed by differential trypsinization, leaving colonies of RECs to reach
confluency in DKSFM. The conditioned medium was acquired by culturing fibroblast either in DKSFM or serum-free F12: DMEM, denoted as
NFCM_DKSFM and NFCM_FD, respectively. 1D nanoLC ESI MS/MS analysis by Triple TOF was carried out to identify the proteins that present
in NFCM_FD and NFCM_DKSFM. Exponentially modified protein abundance index (emPAI) score in both conditioned media was quantified to
estimate the absolute protein contents in complex mixtures. The protein was further analyzed using SignalP, SecretomeP, TMHMM, PANTHER
Classification System and STRING 10 Protein Interaction Network. The emPAI score showed that NFCM_FD displayed at least 2 folds higher of
cell adhesion-related protein and growth factors compared to NFCM_DK. The analyses using SignalP, SecretomeP and TMHMM demonstrated
that the number of secreted proteins in NFCM_FD, NFCM_DKSFM and DKSFM were 104, 83 and 7, respectively. Four protein class that are
involved in RECs wound healing were identified, namely calcium-binding proteins, cell adhesion molecules, extracellular matrix proteins and
signaling molecules. STRING10 demonstrated that most of the proteins secreted in both conditioned media had significantly more interactions
compared to the control group. Hence, we concluded that the secreted proteins, which might play important roles in RECs wound healing
mechanism were successfully identified by shotgun protein identification technique.
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Analysis of Airway Fibroblast Secretome to Identify the Airway Epithelium Wound Healing Mediators  
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The airway epithelium act as physical barrier and interface between the internal and the external environment as well as being the primary
absorption site for inhaled respiratory drugs. The secretome of airway fibroblasts, which comprises various cytokines, chemokines, angiogenic
factors, and growth factors, synergistically enhance the airway epithelium repair and regeneration. However, critical role of airway fibroblast
secretome on airway epithelium wound healing have not been extensively studied. This study was undertaken to profile the proteins secreted
by airway fibroblast and the airway epithelial cells (AECs), and subsequently, identify of soluble factors derived from the fibroblast secretome
that can enhance the wound healing of airway epithelium, and to predict the potential pathway, regulatory mechanism and mediators of
airway epithelium repair and regeneration. Human AECs and fibroblasts were isolated from consented patients undergoing turbinectomy and
co-cultured. Fibroblasts from the co-culture were differentially trypsinized, leaving the colonies of AECs to reach confluency. For condition
medium collection, the fibroblasts at passage 2 was cultured with F-12: Dulbecco’s Modified Eagle’s Medium (FD) + 10% FBS until it reach
90% confluency before the culture medium is changed to either serum free airway epithelial cell basal medium (AM) or serum free FD and
maintained for three days for the collection of nasal fibroblast conditioned medium, denoted as NFCM_AM and NFCM_FD. Currently, NFCM_
AM and NFCM_FD, each from 5 human samples have been collected. Optimization of seeding density showed that 7,500/cm² is the best cells
seeding density to analyse the effect of the NFCM on the AECs proliferation. On the other hand, the migration assay protocol also was
optimized, especially the time period for cells to migrate into the wound area of the airway epithelial cells. It was found that the wound closure
wa completed within 48 hours. The conditioned medium that has been collected is currently processed for sample preparation to be send for
Mass Spectrometry analysis and subsequently quantitative proteomic analysis. At the same time the pooled secretome will be used to perform
the attachment, proliferation and migration assays. Further, the conditioned medium of NFCM treated AECs will be collected for proteomic
analysis later.
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Human Respiratory Epithelial Cells
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Olea Europaea (OE) has the ability to inhibit epithelial-to-mesenchymal transition in breast cancer and kidney cell. This study aimed to
investigate the effect of OE on EMT of primary human respiratory epithelial cells (RECs). RECs were isolated and divided into 4 groups:
untreated RECs (control), OE treated group (OE), TGFβ1 induced EMT group (TGFβ-1), and TGFβ1+OE treated group (OE+TGFβ-1). The
effects of OE to RECs on growth kinetic, morphology, and protein expression (E-cadherin and vimentin) were evaluated. There were no
significant differences between untreated RECs (control) with OE treated RECs in terms of its morphology, growth kinetic and protein
expression. Treatment with TGFβ1 cause RECs to have elongated spindle shape, slower proliferation rate and higher expression of vimentin
and lower expression of E-cadherin compared to control. OE was added together with TGFβ1 to observe its EMT prevention capability. TGF Β
1+OE has similar epithelial shape to untreated RECs, however there were no significant differences in its proliferation rate compared to TGFβ1
group. There were significant reduction of vimentin expression and increased expression of E-cadherin in OE+TGFβ-1 group compared to TGF
β-1 group. As conclusion, OE have the ability to prevent EMT from happening which was proven by its morphology, growth kinetic and protein
expression marker (E-cadherin and vimentin). Thus, this study could give insight on the potential of OE to be used as treatment to inhibit
pathological tissue remodelling and persistent inflammation.
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Remodeling the vasculature in the decellularized lung scaffold using adipogenic stromal cells
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Adipose-derived stem/stromal cells (ASCs) are multipotent cells that can differentiate into a variety of cell types, which have equal
differentiative potential compared to bone marrow-derived mesenchymal stem cells, and provide a more easily accessible and abundant cell
source. The application of ASCs improved the quality of engineered pulmonary vasculature via differentiation ability and cytokines secretion;
which remodels the vasculature niche in the regenerated lung. In the present study, vascular networks were regenerated in the decellularized
scaffold using isogenic ASCs and rat lung microvessel endothelial cells (RLMVECs) in the rat lung tissue engineering model. The reendothelialized scaffolds were maintained ex vivo under vascular flow for 8 to 16 days, and then, cell morphology, differentiation, location and
viability were examined. Pathologies of the bioengineered lungs were assessed in vivo transplantation models. The results showed, seeded
ASCs contributed to endothelial cell survival and PCR array analysis revealed significantly enhanced angiogenesis related genes compared to
the RLMVECs-alone group. ASCs also exhibit a perivascular phenotype in the repopulated pulmonary vasculature. Cell tracking studies
indicated that ASCs stabilized regenerated blood vessels. In vivo vascular permeability was improved in the transplanted bioengineered lungs
with RLMVECs pulse ASCs. The results indicate that ASCs stabilized regenerated pulmonary vessels facilitated the alveolar capillary barrier
functions as perivascular cells, suggesting that ASCs might be an essential cell source for vascular regeneration in the bioengineered lung.
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Pulmonary Vascular Engineering Using Induced Endothelial Progenitor-like Cells
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BACKGROUND
To achieve fully vascularized organ scaffold is the essential step for whole lung engineering. Previously tested cells such as primary endothelial
cells or iPS derived endothelial cells demonstrated limited vascular integrity after recellularization.
Recent investigations have discovered heterogeneous cell population during reprogramming, and some of them showed phenotypic reversal to
the original cell state after interrupting 4-factor expression. This observation led us to hypothesize that the transient expression of Yamanaka
Factors generates tissue-specific progenitor-like (iPL) cells that have high proliferation potential with lineage restricted differentiation capacity,
that will be suitable for organ specific vascular engineering.
MATERIALS AND METHODS
We used R26rtTA;Col1a14F2A mice for the induction of Yamanaka-4-Factor in primary endothelial cells. Lung endothelial cells were isolated by
CD31 expression and subcultured with doxycycline. After the induction period, doxycycline was withdrawn and the cells were subjected to
lung slice culture or newly developed mouse-scale perfusion based bioreactor culture.
RESULTS
One million lung endothelial cells expanded to 200 million in 3-week induction. These cells were able to grow after multiple freeze-thaw cycles
in transgene dependent manner. Induced cells gained Oct-4 expression but lost CD31 expression. After being injected into decellularized lung
scaffolds, the endothelial iPLs recovered CD31 expression. Vascular coverage was 60.1% of native lungs. Interestingly, the engineered
vasculature recapitulated segment specific vascular marker expression.
DISCUSSION
Transient Yamanaka 4 Factor expression significantly potentiates endothelial cell growth while maintaining endothelial phenotype. Mousescale whole lung engineering platform developed in this study was useful to test multiple types of cells for lung vascular engineering.
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Tranilast-loaded tubular scaffold and tranilast-loaded suture for suppression of stenosis after tracheal

Ji Suk Choi1，Sang Jin Lee2，Beom Kang Huh3，Mi-Jung Han1，Hee-Jin Ahn1，Young-Ju Jin1，Su-A Park2，Young Bin Choy3，Seong Keun Kwon1
1
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Stenosis is major issue to lead to inevitable high mortality after tracheal transplantation. We introduced tranilast, N-(3,4-dimethoxycinnamoyl)
anthranilic acid, to a tracheal scaffold and a suture for suppressing the stenosis because the tranilast has been known as an inhibitor of
transforming growth factor-b which is a major profibrotic cytokine, consequentially preventing TGF-b-induced synthesis of collagen type I and III
at a pre-transcriptional level. In this study, a tubular tracheal scaffold was prepared with an electrospun poly(e-caprolactone) (PCL) fibrous
membrane containing tranilast, mechanically reinforced by 3-dimensional PCL printing on the PCL fibrous membrane. A tranilast-loaded
poly(lactic-co-glycolic acid) (PLGA) membrane also was fabricated to envelop a PLGA suture for synergic effect of suppressing stenosis after
tracheal transplantation. We confirmed that tranilast showed sustained release profile from both of the PCL fibrous membrane and PLGA
membrane in vitro. Moreover, the tranilast-loaded tubular scaffold suppressed the granulation tissue when the tranilast-loaded suture was
employed to connect the scaffold with native trachea in vivo.
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Infusion of Lung-derived Mesenchymal Stem Cells Preconditioned by Culturing on Lung Extracellular Matrix and
Cyclic Stretch Optimizes Treatment of Ventilator-induced Lung Injury in Rats
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BACKGROUND. Treatment by infusion of mesenchymal stem cells (MSCs) has emerged as a promising cell therapy for acute lung injury (ALI).
However, MSCs are usually administered without mechanical preconditioning. Our hypothesis is that mechanical preconditioning of lungderived MSCs (l-MSCs) with stimuli that mimic the physiological microenvironment (culture on lung extracellular matrix and exposure to cyclic
stretch mimicking breathing) could improve their therapeutic effect in ALI. Therefore, the aim of this study was to assess the potential benefits
of mechanical preconditioning on the therapeutic potential of l-MSCs in a conventional lung injury model.
METHODS. 18 male adult rats were anesthetized, paralyzed and over-ventilated for 1 h to induce ventilator-induced lung injury (VILI). The
animals were subsequently: i) treated with intra-venous injection of 4x106 l-MSCs/kg which were preconditioned by mechanical stimuli, or ii)
treated with intra-venous injection of 4x106 l-MSCs/kg conventionally cultured (no preconditioned) or iii) were untreated. The extent of
recovery following VILI was assessed after 4 h. An additional healthy control group identically instrumented allowing spontaneous breathing
(no VILI) was also included (n=6). Changes in respiratory mechanics, lung edema and number of neutrophils in the bronchoalveolar lavage fluid
were assessed in all animal groups.
RESULTS. When compared with healthy controls, MSC-untreated over-ventilated rats exhibited typical VILI features including a significant
increase in lung elastance, lung edema and pulmonary neutrophil infiltration. These pathologic features were significantly improved only by
treatment with l-MSCs preconditioned with cyclic stretch and cultured in lung scaffolds.
CONCLUSION. These results suggest that l-MSCs cultured under realistic lung mechanical features could improve their therapeutic potential in
ALI, giving support to the notion that organ-specific physiological preconditioning of MSCs may optimize cell response.
Acknowledgments: Supported in part by Spanish Instituto de Salud Carlos III (FIS-PI14/00280).
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Laryngotracheal reconstruction with artificial trachea
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After the laryngotracheal resection due to invasion of malignancies, stenosis caused by inflammatory disease or trauma, multiple invasive
surgical treatments are performed for the reconstruction of a large laryngotracheal defect. Even with these invasive procedures, however,
laryngotracheal reconstruction sometimes is difficult and an establishment of safe and easy methods has been expected. Although various
materials have been used for the reconstruction from 1940's, persistent infection and delay of epithelialization often occurs because of the
exposure of the internal lumen of the implanted materials. And thus the laryngotracheal reconstruction using the artificial materials still remains
challenging.
Since 1990's, based on out concept of “in situ tissue engineering”, we have developed an in situ regeneration-inducible artificial trachea made
of non-absorbable polypropylene mesh coated with absorbable porous porcine collagen sponge. Its physical characteristics were shown to be
similar to the naïve tracheal tissues, and its safety and efficacy in reconstructing the cricoid and trachea have been proven by non-clinical
animal studies.
From 2002, with an approval of institutional review board (IRB), we’ve implanted this artificial trachea for repair of the laryngotracheal defect
in 12 patients. The well maintained framework of the reconstructed trachea with good epithelialization has been observed up to 120 months
after the surgery. Further, for practical use in Japan, we are now conducting an investigator initiated clinical trial of this artificial trachea as a
medical device based on good clinical practice (GCP). The features of our artificial trachea and its clinical application including the clinical trial
will be introduced.
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The promotion of tracheal cartilage growth by tracheal administration of basic fibroblast growth factor
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Background:
Tracheomalacia is a major cause of morbidity in conditions such as oesophageal atresia. Severe tracheomalacia is a life-threatening disease,
but symptoms usually improve with growth. This phenomenon is believed to be caused by a growth-related increase in the size of the trachea.
We thought that rapid growth of tracheal cartilage induced by medicine might act as a novel treatment for tracheomalacia. This study aimed to
investigate whether basic fibroblast growth factor (b-FGF) could act as a novel treatment for tracheomalacia.
Material and methods:
1. Biodegradable gelatin hydrogel sheets incorporating 0.5, 5, or 50 μg/20 μl of b-FGF solution were inserted between the cervical trachea
and esophagus of rats. No intervention was performed in rats in a control group. All animals were sacrificed 4 weeks later, and the luminal area
of the cervical trachea and the thickness of the cartilage were measured.
2. Water (group 1) or 100 μg (group 2) or 200 μg (group 3) of bFGF dissolved in water was injected into the posterior wall of the cervical
trachea of New Zealand white rabbits using a tracheoscope. All animals were sacrificed four weeks later.
3. was injected into the posterior wall of the cervical trachea of New Zealand white rabbits using a tracheoscope. Distilled water was injected
into trachea in a control group. All animals were sacrificed four weeks later.
Results:
1. Slow-release basic fibroblast growth factor（b-FGF）enlarges the tracheal lumen and thickens the cartilage in a dose dependent manner. The
tracheas in the b-FGF group became resistant to increased external tracheal pressure with statistically significant differences（P = 0.02）. The
mechanism of increasing mechanical property induced elevation of matrix molecules（collagen type II and glycosaminoglycan. Moreover, cell
density did not increase with enlargement of cartilage volume（number of chondrocytes）after administration of b-FGF.
2. The mean luminal areas of cervical tracheas for groups 1, 2, and 3 were 27.0±2.1, 32.2±4.8, and 36.3±4.6mm2, respectively. A significant
difference was found between groups 1 and 3 (P = 0.001).
Conclusion:
b-FGF promotes matrix production (collagen type II and glycosaminoglycan). The growth-enhanced trachea was more resistant to collapse,
suggesting that b-FGF might be useful in patients with severe tracheomalacia. Furthermore, intra-tracheal injection of b-FGF also enhanced
trachea growth.
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Intrapleural administration of gelatin-embedded, sustained-release basic fibroblast growth factor for the
regeneration of emphysematous lungs
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Background: The patients with severe pulmonary emphysema often develop pneumothorax. The intractable pneumothorax accompanied by
pulmonary emphysema is very difficult to close the pulmonary fistula because of severe destruction of the lung parenchyma. We studied the
effectiveness of intrapleural administration of gelatin-embedded, sustained-release basic fibroblast growth factor (SR-bFGF) to assist the closing
the pulmonary fistula and prevent the recurrence.
Methods: They were consisted of 14 intractable pneumothorax patients accompanied by severe pulmonary emphysema, and they already had
chest drain. Fibrin glue with SR-bFGF was diluted and administered via the drain tube as coating visceral pleura. Then, thrombin glue was
administered similarly to consolidate.
Results: The air leaks were stopped in all. All cases had no recurrence and severe side effect. In addition, we evaluated the effect of the
regeneration of emphysematous lung to measure the rate of low attenuation area (LAA%). The LAA% was significantly reduced after this
treatment (46.8 ± 20.9% vs 32.3 ± 20.5%; P = .00215), and we recognized the possibility of regeneration with alveola.
Conclusion: This result suggests that intrapleural administration of gelatin-embedded, SR-bFGF was an effective treatment to induce lung
regeneration in patients with intractable pneumothorax accompanied by pulmonary emphysema. However, in the case with collapsed lung
before and/or after this treatment, it’s difficult to compare the LAA% accurately, so we are considering other image evaluation methods.
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Organotypic culture of human nasal epithelial cells and its applications
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With advances in 3-D in-vitro cell culture technology, organoids derived from adult stem cells could self-organize and have structural and
functional properties of its organ. Many kinds of organoid model such as kidney, lung, intestine, liver, brain and retina were developed
recently.1 Among respiratory organs, nose, the upper airway system is the first region to receive and expel air for respiration. The respiratory
epithelium of nose consists of ciliated, non-ciliated epitheilal, goblet, and basal cells. And, basal cells constitute about 10~20% in nasal
epithelium and have capacity to proliferate and differentiate.2
We cultured human nasal epithelial cells (hNECs) derived from nasal mucosa in matrigel with chemical defined medium. At early stage, about
1 week after seeding, single nasal epithelial cells (NECs) proliferated and formed colony structure in hydrogel. And then, the colony grow
rapidly and hollow space in center was observed. Also, branching structures were generated. We analyzed structural and functional properties
of these 3D nasal organoids by immunostaining and qRT-PCR. Remarkable finding compared to 2-D plated hNECs is that not only the
characteristic of basal stem cells but also the differentiation into goblet and ciliated epithelial cells was more expressed in 3-D nasal organoids.
As the major purpose of 3D organoid is to represent and substitute in vivo organ, clinical applications such as drug screening or disease
modeling could be performed effectively. Because the functions in nasal mucous membrane are critically affected by air conditions, there are
several nasal diseases related to hypoxic conditions or airborne pollutants. The inflammation in nasal cavities and EMT (epithelial-tomesenchymal transition) were induced by hypoxic conditions, which could result in nasal polyps and serious diseases such as CRS (Chronic
rhinosinusitis).3 In our organotypic nasal epithelium model, we can treat stimuli controllably and analyze the cellular responses using
conventional analytical methods.
References
1. Hans Clevers, Modeling development and disease with organoids, Cell, vol. 165(7), 2016
2. Jason R. Rock et al, Airway basal stem cells: a perspective on their roles in epithelial homeostasis and remodeling, Disease models &
Mechanisms, vol. 3(9-10), 2010
3. S. Brandon Early et al, Hypoxia stimulates inflammatory and fibrotic responses from nasal-polyp derived fibroblasts, The Laryngoscope, vol.
117(3), 2007
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A pulmonary model for assessment of particulate matter health effects  
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Progress in understanding the harm of particulate matter in human body, the results of both cellular and animal experiments often different
from the clinical response in humans, which brings a huge challenge to the rapid development of preventive and therapeutic strategies. In
recent years, however, showing a technology to reconstruct the organ-level function system in the chip, which is likely to break the bottleneck
and achieve more accurate and reliable preclinical data. This study aims to investigate the relationship between particulate matter and
pulmonary function in lung chip. We demonstrate that analyze the inflammatory responses and mechanism triggered by particulate matter, and
the gene and protein expression. Here we described the development of a dynamic lung chip for quick and efficient explore the responses from
particulate matter. This study has identified a potential new avenue to direct the health effects of particulate matter toward to organs-on-achip. Future directions and technical challenges for the field will also be discussed.
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Restoring Tracheal Defects with Tissue Engineered Patches Based on TGF- β3 Encapsulated Electrospun PLCL/
collagen Scaffolds in a Rabbit Model
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OBJECTIVE: Long segment tracheal stenosis is often confronted with bad prognosis due to limited materials for tracheal reconstruction. Tissue
engineered tracheal patches based on stem cell and electrospun present an ideal solution to this medical challenge.
METHODS: In our research, core-shell nanofilms encapsulated with TGF-β3 were fabricated as scaffold for tracheal patches. Morphological
and mechanical characterizations, degradation, and biocompatibility of different componential nanofilms were comparably evaluated to
determine the optimal compositional ratio. Then chondrogenesis inducing potential of nanofilms was investigated by histological and
immunohistochemical examinations. At last, tissue engineered tracheal patches, based on nanofilms and rabbit bone marrow mesenchymal
stem cells (BMSCs), were constructed and utilized to restore tracheal defect in a rabbit model.
RESULTS: It was indicated that core-shell nanofilms with PLCL/collagen proportion of 75:25 were the optimal scaffolds for tracheal patches.
The stable and sustained release of TGF-β3 from nanofilms could promote chondrogenic differentiation of BMSCs. Besides, tracheal defects of
rabbits were restored with tissue engineered tracheal patches successfully.
CONCLUSIONS: Tissue engineered tracheal patches based on encapsulated TGF-β3 electrospun PLCL/collagen nanofilms and BMSCs are
prospective indeed.
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In vitro Airway Mucus Model for Drug Screening
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Mucus is a steric and interactive barrier that selectively filters molecules, gases and bacteria. In diseases, as cystic fibrosis (CF), mucus exhibits
altered chemico-physical structure and viscoelastic features with a strong patient-to-patient variability. Overall, the pathological features of
mucus hinder both diffusion of therapeutic molecules, as antibiotics, and mucoclearance mechanisms, thus providing a suitable
microenvironment for the establishment and proliferation of bacteria.
The need to characterize and study drug diffusion through mucus has urged the development of mucus models. Still, up to date, drug
screening relies on monolayer cell cultures and mucin-based solutions. In this work, a tailorable mucus model is proposed to mimic the
variable compositions and viscoelastic properties of CF pathological mucus. Hydrogels, composed by alginate (Alg, brown algae)/mucin
(porcine stomach, type III), were produced by internal gelation with Ca2+ ions. Rheological characterization was performed to assess their
viscoelastic properties. The diffusive properties of the mucus models were investigated using acetyl salicylic acid, cephalexin and epirubicin, as
well as gold nanoparticles (GNP) with different sizes. A mathematical model was developed to represent the diffusion profile of drugs and GNP
through the mucus model. Hydrogels, made of 25 mg/ml mucin and 3 mg/ml of Alg, exhibited complex viscosity, conservative and dissipative
moduli that was able to match reported CF sputum rheological features1 at both breathing and mucociliary beating frequencies. The mucus
model was stable (both in weight and thickness) in different media, including dH2O, PBS and 1% DMSO, at 25°C. In mucin-based solutions,
cephalexin2, epirubicin and GNPs3 are able to interact with the mucin.2,3 Consistently, the mucin present in the proposed mucus model was
able to similarly interact with these drugs and particles. The developed airway mucus model is a fast, simple and reproducible testing platform,
which is compatible with highthroughtput systems to foster early drug discovery.
1. Yuan S, et al. Oxidation increases mucin polymer cross-links to stiffen airway mucus gels. Sci Transl Med, 7, 276, 276ra27, 2015.
2. Pontremoli C, et al. Mucin-drugs interaction: The case of theophylline, prednisolone and cephalexin. Bioorg Med Chem, 23, 6581–6, 2015.
3. Barbero N, et al. Exploring gold nanoparticles interaction with mucins: A spectroscopic-based study. Int J Pharm, 535, 438–43, 2018.
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Rock inhibitor Y-27632 enables feeder-free expansion of Sus scrofus domesticus bronchial stem cells for
regenerative medicine research
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Prevalent respiratory diseases like asthma and COPD are a significant target for regenerative medicine (RM). However, development of RM
strategies requires large numbers of cells; to date, due to difficulties with long-term culture and limited cell numbers, progress has been slow
and often limited to rodent models. The reliable, long-term culture of porcine airway cells would be a valuable step forward, improving both
the number of cells available and, due to differences between rodent and porcine/human airways, biological relevance.
Airways were digested overnight and opened along the lumen; cells were scraped off and transferred to HBSS with a sterile scalpel prior to
being plated on collagen coated culture plastic in 4 different media formulations (A: 4% FBS epithelial, B: commercial serum free 1, C: 10% FBS
epithelial and D: commercial serum free 2) with and without Rock inhibitor Y27632. Colony and cell counts were performed to determine
recovery yields; cell phenotype was determined by immunofluorescence including vimentin, pan-cytokeratin, E-cadherin, p63, β tubulin and
mucin5AC; functionality was established using air-liquid interface, organoid models, and interleukin-8 (IL8) production in response to
lipopolysaccharide (LPS).
Airway epithelial cells were recovered in all media; numbers being much greater in medium A and C compared to commercial epithelial media
B and D. In all cases recovered cell numbers were enhanced by the presence of Y-27632, significantly so in medium A (2.6 fold increase, p ≤
0.0001) and medium C (12 fold increase, p ≤0.0001). Continued expansion of cells was only possible in medium C plus Y27632 where cells
have currently undergone over 30 passages (approximately 120 population doublings) and remain proliferative. Immunofluorescence shows
homogeneous pan-cytokeratin staining of primary cultures indicating the recovery of a relatively pure population of airway epithelial cells in all
conditions; this was maintained with expression of E-cadherin and p63, the airway basal cell marker, in expanded cells. Exposure of cells to LPS
induced secretion of IL8 (p ≤0.001) at concentrations of ≥10µg/mL. Differentiation models have demonstrated the presence of both ciliated and
mucous producing cells confirming the capacity for mucociliary differentiation.
Using Y-27632 we have established a reliable, feeder-free method for essentially unlimited expansion of differentiation competent bronchial
stem cells to support RM research approaches.
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Background: Primary airway epithelial cells have been used for understanding of ion channel properties and airway disease such as cystic
fibrosis caused by mutations of cystic fibrosis transmembrane conductance regulator (CFTR) gene. However, it is not easy to acquire an
adequate quantity of cells and maintain in culture for long time. Therefore, airway epithelial cells generated from iPS cells are expected to be
useful cell source instead of primary airway epithelial cells. The aim of this study is to examine functional properties of iPS cell-derived airway
epithelial cells.
Methods: We have generated airway epithelial cells from iPS cell based on serum-free conditions and air-liquid interface culture. iPS cellderived airway epithelial cells were characterized by gene expression, immunoreactivity, ciliary movement, and transport function of Cl channels and CFTR using yellow fluorescent protein (YFP) molecule sensitive to halide ions.
Results: The expression of airway epithelium markers (Tubb4a, Muc5ac, and Krt5) and various ion channel markers (CFTR, ENaC, and AQP)
was detected in the cells generated from iPS cell. The formation of tight junctions was also confirmed by immunostaining and permeability
assay. Analysis by hematoxylin and eosin staining and scanning electron microscopy indicated that the cells generated from mouse iPS cells
formed airway-epithelium-like tissue and had cilia. Furthermore, iPS cell-derived airway epithelial cells showed the ciliary movement and the
ciliary beating frequency was approximately 10 Hz. Finally, the transport function of Cl- channels and CFTR was confirmed in iPS cell-derived
airway epithelial cells using YFP molecule sensitive to halide ions.
Conclusion: Airway epithelial cells generated by our method have physiological function and will be useful cell source for molecular
mechanisms of airway function and disease.
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Assessing a candidate scaffold for an alveolar structural mimic in lung tissue engineering    

Ana Yuliyanova Kyoseva，Nicholas Robert Forsyth ，Ying Yang
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Chronic obstructive pulmonary disease (COPD) is the fourth leading cause of death worldwide and numbers are rising. At the same time,
increasing healthcare costs threaten international financial health, and the effort needed to care for the ill and dying affects national
productivity (FIRS Report, 2014). Tissue engineering approaches have the potential to improve lung function and treat diseases such as
emphysema. Our aim is to investigate a highly porous and elastic gelatin scaffold, Surgispon®, as a potential for use in lung therapeutics as an
alveolar-like structure.
Surgispon® scaffolds were crosslinked with 25% glutaraldehyde (GTA) vapour for 24 hours and sterilised. Stability, pore size, pore connectivity,
and cytotoxicity (Alamar Blue, live-dead and DAPI) were investigated. A549 human lung carcinoma epithelial cells and primary lung fibroblasts
were utilised experimentally (Akram et al., 2013). Enhanced scaffold utility was investigated via either fibronectin, collagen type I, or both,
coating.
Surgispon® itself dissolved rapidly in cell culture media at 37 °C, while crosslinking promoted stability beyond 3 weeks in culture. Scaffold
stability itself was directly correlated with time of crosslinking where longer time promoted greater stability. Pore interconnectivity and size
(100-400 µm diameters) were determined via micro CT analysis establishing similarity to alveolar diameter. Cytotoxicity testing showed that
crosslinked scaffolds supported cell attachment and growth in a coating dependent manner where collagen I alone promoted cell attachment
and distribution. Fibronectin and combination coating proved comparable to uncoated, crosslinked, scaffolds.
In summary, Surgispon® scaffolds are an effective alveolar mimic, with the ability to expand and contract elastically while featuring
interconnective pores of an appropriate size. These features promote the prospect of Surgispon® scaffolds as a potential scaffold and/or cell
delivery system for use in lung tissue engineering and to help combat respiratory disease.
Akram, K.M., Samad, S., Spiteri, M.A., Forsyth, N.R., 2013. Mesenchymal stem cells promote alveolar epithelial cell wound repair in vitro through
distinct migratory and paracrine mechanisms. Respir. Res. 14, 9.
Forum of International Respiratory Societies. The Global Impact of Respiratory Disease, 2017.
ACKNOWLEDGEMENTS: We acknowledge funding support from EPSRC Centre for Doctoral Training in Regenerative Medicine and Keele
University.

427

a92874

02-P272

Acellular scaffolds by High hydrostatic pressure (HHP) for airway reconstruction in porcine model : findings of a
long-term observation
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We have been studying the effect of high hydrostatic pressure (HHP) ranging from 100 to 1,000 MPa on various mammalian cells and tissues.
By pressing at 200 MPa for 10 min, all types of mammalian cells died in suspension form, in monolayer culture, and even in the native tissue.
Over 500 MPa, the cell membrane was destroyed, which enhanced decellularization efficacy, but at the same time, ECM start to be denatured.
Based on these HHP effects, we succeeded to show the great patency of xenogeneic acellular small-diameter vascular grafts inporcine model
and the usefulness of autologous inactivated dermis in the clinical tests. In the present research, we tried to reconstruct the airways by using
HHP-decellularized trachea in porcine model. Tracheal cartilage reconstruction is an essential approach for the treatment of tracheal congenital
abnormalities or injury. Here, we evaluated the potency of allogeneic decellularized trachea as novel support scaffolds. Four weaned pigs
(4-week-old domestic males) were subjected to transplantation with allogeneic tracheal graft patches (two decellularized and two fresh
tracheal scaffolds) onto artificial defects (approximately 15 × 15 mm). After 6 months and 12months, the tracheas were evaluated by
bronchoscopy and histological studies. No pigs showed airway symptoms during the observation period. The tracheal lumen restored by fresh
graft patches showed more advanced constriction than that treated with decellularized grafts with bronchoscopy after both 6 months and 12
months,. Histologically, fresh grafts induced typical cellular rejection, whereas the effects of decellularized grafts were lower. In addition,
immunohistochemistry demonstrated regenerating foci of recipient cartilage along with the adjacent surface of decellularized tracheal grafts.
These finding strongly indicated that the HHP treatment for decellularization can maintain the function of the trachea ECM and can be used as
effective materials for restoring impaired trachea.
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Solar Cell-Facilitated Electrical Stimulation for Therapeutic Angiogenesis

Songhyun Lim1，Gun-Jae Jeong1，Jin Young Oh2，Yeon-Ju Kim3，Tae Il Lee4，Byung-Soo Kim1,5
1
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Republic of Korea，3Department of Physiology, School of Medicine, Pusan National University, Yangsan, 50612 Republic of Korea，4Department of BioNano Technology, Gachon University,
Seongnam 13120, Republic of Korea，5Institute of Chemical Processes, Seoul National University, Seoul 08826, Republic of Korea

Cell therapy has been suggested as a treatment for ischemic diseases, but its therapeutic efficacy is limited due to the poor survival of
implanted cells. As an alternative, we used wearable solar cell-facilitated electrical stimulation (ES) for therapeutic angiogenesis. ES enhanced
the secretion of angiogenic growth factors and the migration of mesenchymal stem cells (MSCs), myoblasts, endothelial progenitor cells, and
endothelial cells in vitro. ES generated by a solar cell was applied to ischemic hindlimbs of mice. The ES promoted migration of MSCs toward
the ischemic site and increased the expression of angiogenic paracrine factors in vivo. As a result, the ES promoted the formation of capillaries
and arterioles at the ischemic region, reduced muscle necrosis and fibrosis, and consequentially prevented loss of the ischemic limbs.
Surprisingly, the solar cell-generated ES therapy showed higher angiogenic efficacy than conventional MSC therapy. This study shows the
feasibility of solar cell-facilitated ES therapy for therapeutic angiogenesis.
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Fibroblast Growth Factor, Potential Game Plan for Regeneration of Skeletal Muscle
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Introduction: Fibroblast growth factors (FGFs) are associated with embryonic development, angiogenesis and wound healing and used widely
in regenerative medicine. Basic FGF (FGF2) is known for stimulating proliferation and has been used in several clinical trials. The current study
focusses on the potential application of two different FGFs (FGF2, FGF6) and proposes strategic use of both in relation to regeneration of
skeletal muscle. In the cascade of events involved in myogenesis, activation of quiescent satellite cells initiates the sequence and is followed by
proliferation and finally differentiation into myotubes. FGF6 is known to activate quiescent satellite cells and FGF2 to stimulate proliferation.
Experiments: In primary human myoblasts (PHMs), we established a novel “comparative index” to compare PHM populations for rate of cell
cycle progression. Further, in vitro studies compared treatment with single dose of FGF2 (10 ng/ml) for 48 hrs on either quiescent (exposed to
10 days of knock-out serum, KOSR; qPHMs) or proliferating PHMs (pPHMs) to determine possible effects on cell cycle markers or myogenic
factors.
Results: Quiescence was confirmed by cell cycle analysis: KOSR increased G0/G1 phase from 72.84% to 92.52% and decreased S and G2
phase from 10.75% to 6.03% and 16.40% to 1.45% respectively with 10 days exposure. FGF2 treatment substantially upregulated proliferation
and cell cycle markers in already proliferating PHMs: Cell count increased by 23% in pPHMs compared 1.25% in qPHMs. Cell cycle and
myogenic markers: Ki67 mRNA revealed a 92-fold increase in pPHMS vs. no change in qPHMs. The negative regulator, p21, showed no change
in pPHMs vs 19-fold increase in qPHMs. Furthermore, in qPHMs no changes were observed in myogenic markers’ mRNA (Myf-5, MyoD).
These data suggest that timing of treatment with respect to the state of cells is crucial for enhancing proliferative and myogenic function.
Treatment with FGF6 is proceeding to determine if timing is also important with respect to this FGF.
Discussion: In case of muscle regeneration, without considerable number of proliferative myoblasts in the muscle niche, treatment with FGF2
might not be ideal for regeneration. We propose that, comparative index for assessing the state of PHMs should be useful to determine if PHMs
are in the ideal condition for a specific treatment application in vitro. Furthermore, such in vitro experiments inform the future of in vivo
treatment strategies.
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The mass analysis of constitutively secreted compounds in tissue-engineered muscle
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Recent evidence has identified skeletal muscle as a secretory organ. Many myokines, which are bioactive substances secreted from skeletal
muscle, have been identified in plane muscle culture cells. Compared to the plane muscle culture cells, the tissue-engineered muscle is an
excellent model as culture system mimicked native skeletal muscle. However, the secreted compounds from a tissue-engineered muscle have
not been analyzed sufficiently. The purpose of this study clarified kinetics of constitutively secreted compounds in the tissue-engineered
muscle.
C2C12 cells embedded within collagen gel solution were placed between two tendons made up of elastase-treated acelluar porcine blood
vessel. The construct was cultured in growth media for 1 days and was incubated in serum-free medium for 1 day. And the construct was also
cultured in differentiation media for 6 days and was incubated in serum-free medium for 1 day. The serum-free media were obtained to analyze
the secreted molecules from the construct. To compare with plane culture cells, C2C12 cells were cultured in plane under the same condition
as the construct and the serum-free media were obtained. The serum-free media were concentrated, desalted and analyzed by MALDI-TOF
Mass Spectrometry.
The number of peaks in differential medium increased to that in growth medium in tissue-engineered muscle and plane culture cells. And the
number of peaks in tissue-engineered muscle was abundant compared to that in plane culture cells in growth and differentiation medium,
especially at range of low m/z. Furthermore, the peaks were substantially different among these culture media and specific peaks were
identified in tissue-engineered muscle.
These results suggested that the tissue-engineered muscle constitutively secrets many compounds in culture medium compared to plane
culture cells, and these compounds substantially different to compounds secreted by plane culture cells.It is possible to expect to obtain novel
myokines by using tissue-engineered muscle.

429

a93203

02-P276

Development of a controlled drug release system of Cripto for muscular dystrophies therapy
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Muscular dystrophies (MDs) are inherited disorders that manifest as progressive muscle wasting and weakness 1. Cripto protein has been
recently found to have therapeutic value in alleviating muscle myopathies by regulating muscle regeneration and satellite cell progression
through myogenesis2.
In this study, we establish a highly reliable methodology for producing large quantities of the Cripto protein and further clarify the strategy in
which we can encapsulate the Cripto into the microgel carrier for the purpose of controlled release. PEG-fibrinogen (PF) hydrogels provide the
substrate for protein production as well as the controlled release in situ delivery vehicle.
For efficient production of Cripto, PF microcarriers were designed to enable mammalian cell survival, proliferation, and enhanced protein
secretion. Cripto overexpressing HEK293T cells were encapsulated in the PF microcarriers and cultivated in stirred suspension bioreactors.
Subsequently, a PF micro-scale delivery system was developed for intramuscular injection to provide stability as well as immunoprotection for
the Cripto. Preliminary studies of the in vitro controlled release of Cripto from the micro-scale delivery system showed a biphasic release
profile, characterized by an initial burst release followed by a sustained release phase. Furthermore, the released Cripto was biologically active
and promoted the proliferation of mouse myoblasts.

1.Mercuri E, Muntoni F. Lancet 381:845-860,2013.
2.Guardiola O et al. Proc Natl Acad Sci USA 109:E3231-E32,2012.
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Enhancing performance of engineered skeletal muscles through vascularization

Hyeonyu Kim1，Tatsuya Osaki1，Roger D Kamm1,3，Haruhiko Harry Asada1,2
1
Department of Mechanical Engineering, Massachusetts Institute of Technology, Cambridge, MA, USA，2BioSystem and Micromechanics IRG, Singapore-MIT Alliance for Research and
Technology, National University of Singapore, Singapore，3Department of Biological Engineering, Massachusetts Institute of Technology, Cambridge, MA, USA

There has been great demand for engineered skeletal muscles, but one of the fatal obstacles was that their contractile force and differentiation
were inferior to real muscles. Since real muscle tissues contain many blood vessels and capillaries, we hypothesized that co-culturing skeletal
muscle cells with endothelial cells enhances muscle performance through cell-cell interactions. However, skeletal muscle cells and endothelial
cells require conflicting cell culture conditions in terms of serum concentration. To provide different chemical environments for each cell type,
we developed a new microfluidic system for three-dimensional vascularized skeletal muscle tissue. We made tubular muscle tissues and
seeded endothelial cells in the inner channel. This design enables flow of a culture medium through the inner channel by connecting the tissues
with a microfluidic system. Furthermore, it can allow temporal and spatial separations of seeding of the two cell types, keeping cell-cell
physical contact without a synthetic barrier. Using this system, we found that co-culturing the two cell types from an early stage of muscle
differentiation induced higher contractile force of skeletal muscles than from a later stage. In addition, the enhancement of contractile force by
the co-culturing was significant when the two cell types were physically contacted. Moreover, culturing under the two separated cell culture
media, low serum medium for muscle differentiation and endothelial growth medium for endothelial cells, showed higher contractile force than
using a single co-culture medium. This work may contribute to overcoming the performance limitation of engineered muscle, solving the
conflicting media problem for co-culturing, and understanding interactions between the two cell types.
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Engineering of Volumetric Skeletal Muscle Tissue for Accelerated Restoration of Pelvic Floor Muscle Function

Ji Hyun Hyun Kim，In Kap Ko，Myung Jae Jeon，Ickhee Kim，Sang Jin Lee，Anthony Atala，James J Yoo
Wake Forest Institute for Regenerative Medicine

Damages in the pelvic floor muscles often cause dysfunction of the entire pelvic urogenital system. Current treatments for the injury include
physical therapy, autologous muscle flap transfer, and surgical interventions using synthetic and biological materials. However, none of them
entirely address the problems associated with long-term restoration of normal anatomy and function in the injured pelvic floor muscle system.
Engineering of functional muscle tissue constructs may provide a solution to this unmet medical need. However, the current muscle engineering
techniques are limited by the ability to build sizable constructs with timely innervation for successful graft survival. To this end, this study aims
to fabricate and optimize volumetric 3D bioprinted skeletal muscle constructs with innervation capability for repairing pelvic floor muscle
injuries. Bioprinted skeletal muscle constructs that mimic native skeletal muscle organization were fabricated by using a ‘bioink’ formulation
consisting of fibrin-based hydrogel containing human muscle progenitor cells, and muscle tissue formation capacity was investigated in a pelvic
floor muscle injury in rats. Our results demonstrate that the bioprinted cells within the engineered skeletal muscle constructs are able to
maintain their viability and formed muscle fibers in vivo, suggesting that the engineered muscle constructs may contribute to the restoration of
pelvic floor muscle function anatomically and functionally.
Acknowledgments: This work was supported by the Army, Navy, NIH, Air Force, VA and Health Affairs to support the AFIRM II effort under
Award No. W81XWH-13-2-0052. The U.S. Army Medical Research Acquisition Activity, 820 Chandler Street, Fort Detrick MD 21702-5014 is the
awarding and administering acquisition office. Opinions, interpretations, conclusions and recommendations are those of the author and are not
necessarily endorsed by the Department of Defense.This study was partly supported by Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology (NRF-2012R1A6A3A03040684).
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Within the human body, skeletal muscle (SM) tissue is responsible for a multitude of fundamental functions — including all voluntary
movement. In the last two decades, driven by the limited regenerative capacity of SM tissue, researchers have developed numerous
approaches to restore/repair it. However, the obtained results are still far from recapitulating its hierarchical organization and functions.
Here, we present a new strategy for the fabrication of artificial myo-structures with functional morphologies based on an innovative 3D
bioprinting approach. This system is based on a microfluidic printing head (MPH) coupled with a co-axial nozzle extruding system that allows
high-resolution 3D multi-cellular bioprinting of hydrogel fibers (Ø ≈ 100 µm) and high cell viability. To promote myoblast differentiation, we
formulated a tailored bioink with a photocurable semi-synthetic biopolymer, namely PEGylated fibrinogen, and we encapsulate cells (C2C12 or
human pericyte) in 3D scaffolds composed of unidirectionally aligned hydrogel fibers. The 3D fabricated samples were tested both in vitro and
in vivo to evaluate their capability of supporting myogenesis and sarcomerogenesis. The results showed that after 21 days of culture in vitro,
myoblasts properly spread and fused forming highly aligned long-range multinucleated myotubes, with abundant and functional expression of
myosin heavy chain (MHC) and laminin (LAM). Besides, the 3D biofabricated constructs when grafted in vivo led to a substantial improvement if
compared to bulk-hydrogels (used as control) of muscle-like architectural organization with the formation of tightly-packed, highly parallel and
completely striated myotube fibers.
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3D Bioprinting of Biomimetic Neural Skeletal Muscle Tissue Constructs
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Bioengineered skeletal muscle tissue can be a promising solution to achieve functional recovery of volumetric muscle injuries. However, the
conventional methods have been limited to fabricate a volumetric muscle tissue with the functional cellular organization and accelerated
vascularization and nerve integration. In this study, we utilized 3D bioprinting strategy to create volumetric skeletal muscle constructs that
mimic the native skeletal muscle organization and function. To facilitate long-term tissue survival and accelerate innervation in vivo, human
neural stem cells (hNSCs) were combined with human muscle progenitor cells (hMPCs) in the 3D bioprinted muscle constructs. The
introduction of hNSCs enhanced the cell viability and tissue maturation, which includes highly aligned myotube formation in vitro. The
implanted bioprinted muscle constructs developed highly oriented myofibers with the integration of host vasculature and nerve, and muscle
mass and function were improved in a rat tibialis anterior (TA) excisional model. Our results demonstrate that creation of biomimetic
engineered muscle tissue constructs using the 3D bioprinting system is feasible and that this muscle construct can contribute to the restoration
of muscle function.
Acknowledgments: This work was supported by the Army, Navy, NIH, Air Force, VA and Health Affairs to support the AFIRM II effort under
Award No. W81XWH-14-2-0004. The U.S. Army Medical Research Acquisition Activity, 820 Chandler Street, Fort Detrick MD 21702-5014 is the
awarding and administering acquisition office. Opinions, interpretations, conclusions and recommendations are those of the author and are not
necessarily endorsed by the Department of Defense.This study was partly supported by Basic Science Research Program through the National
Research Foundation of Korea (NRF) funded by the Ministry of Education, Science and Technology (NRF-2012R1A6A3A03040684).
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The integration of vascular structures and mesenchymal compartments into in vitro cultured tissues is critical not only to engineer implantable
tissue constructs, but also to provide in vivo-like models of complex cellular intefractions [1]. Indeed, tissue maturation, homeostasis and
disease are deeply influenced by the presence of vasculature. In particular, several works highlighted that muscle-wasting disorders including
dystrophies are characterized by an abnormal cross-talk between muscle fibers, endothelium and fibroblasts, emphasizing how targeting
different cell types would be fundamental to effectively tackle this condition.
Despite the incidence of dystrophies and their harmful consequences (e.g. fibrosis), advanced in vitro systems are still far from recapitulating
the complexity of skeletal muscle. Our group successfully developed vascularized models of bone and muscle, which we employed to analyze
organspecific metastases [2] and the effect of biophysical/biochemical parameters on vascularization [3]. Here we present the design of a
novel human skeletal muscle environment comprising multiple muscle fibers enveloped by a sheath of human fibroblasts and supported by
interconnected vascular networks. We characterized the model in terms of topological parameters of the vasculature, muscle fiber architecture
and expression of vascular and muscle-specific markers. We demonstrated the induction of muscle-specific endothelial features and the selforganization of muscle fibroblasts around muscle fibers. Finally, we employed this model to mimic the fibrotic environment characterizing
muscle dystrophies, highlighting key signatures (e.g. the abnormal deposition of ECM proteins) that were neglected by traditional 2D assays.
Overall we were able to recapitulate the skeletal muscle environment and its dynamic changes during the onset of fibrosis. Hence, we believe
this system could pave the way for the development of advanced solutions to study the patho-physiology of skeletal muscle.
[1] Bersini S et al. Cell microenvironment interactions and architectures in microvascular systems. Biotechnol Adv 34, 1113, 2016
[2] Jeon JS et al. Human 3D vascularized organotypic microfluidic assays to study breast cancer cell extravasation. PNAS 112, 214, 20
[3] Bersini S et al. Human in vitro 3D co-culture model to engineer vascularized bone-mimicking tissues combining computational tools and
statistical experimental approach. Biomaterials 76, 157, 2016
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matrix
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While the skeletal muscle has limited self-healing ability, severe injuries with massive loss of muscle are hard to regenerate by itself. Basic
concept of tissue engineering suggests that fabrication of biological substitution can challenge this medical problem. Especially, mimicking the
native skeletal muscle extracellular matrix (ECM) has been a strategy for scaffold fabrication to enhance cell proliferation, elongation, and
differentiation. According to some researches, skeletal muscle ECM is mainly composed of different types of collagen and proteoglycan. The
structure of skeletal muscle ECM has longitudinally oriented micro/nano-scale collagen fibers. In this study, anisotropic collagen fibers with cells
(C2C12; mouse muscle myoblasts) were fabricated through electrophoresis to mimic the perimysium ECM structure. The collagen solution and
cell suspension with media were mixed and exerted to electric field. Due to the electric potential, the collagen solution with cells formed
anisotropic fibers at isoelectric point. The fabricated ECM structure showed highly compact aligned collagen fibers in one direction. Also, the
cells located in the fabricated structure were proliferated and elongated following the collagen fibers. Also, according to the real-time
polymerase chain reaction (RT-PCR) and histochemical analysis, the cells were well differentiated forming myotubes. We expect these
structures can be used for skeletal muscle regeneration.
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Imaging cells and tissues through opaque and turbid media is challenging and presents a major barrier for monitoring maturation and
remodeling of bioengineered tissues. To address this problem, new imaging tools and novel fluorescent proteins have been developed for the
purpose of performing deep-tissue high-resolution imaging. We have previously described a fiber optics based imaging system that uses local
excitation for fluorescent cell imaging through opaque scaffolds. For the current study we applied this system to monitor muscle progenitor cell
(MPCs) differentiation. Muscle tissue engineering is a promising field for treating both injury and disease. Native muscle regeneration relies on
the expansion of MPCs, and their differentiation through cell-cell fusion into muscle fibers. Different cellular pathways are known to be involved
in the early stages of differentiation. Using two fluorescent reporters, one for the nucleus and one for the cytoplasm, and a novel optical fiber
imaging system, we studied the effects of Myf5 expression, Wnt activity and TNFα on MPC differentiation. We were able to see changes in
fluorescent reporter signal along with MPC fusion. Furthermore, we used double fluorescent labeling of myoblasts to detect minimal changes in
myoblasts fusion for applications such as tissue engineering and drug screening. In conclusion, the fiber-based imaging system along with
fluorescent double labeling (nucleus and cytoplasm) allowed us to image through an opaque biomaterials with a larger and more flexible
working distance. Given these advantages, we envision this platform providing new data in the field of regenerative medicine and tissue
engineering, as well as applications in disease modeling and in vivo research.
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INTRODUCTION: Urinary incontinence compromises a patient’s quality of life and inflicts tremendous health care costs. Recent advances using
cell therapy such as satellite stem cells (SSCs) show promising results towards correcting the underlying etiology2 but evaluating the success of
such treatments in vivo is difficult. In this study, we show that Magnetic Resonance Imaging (MRI) properties enable a monitoring of adult stem
cell myogenic differentiation in a mouse model.
METHODS: We have isolated, characterized and expanded human SSCs followed by injection into a tibialis anterior muscle crush mouse
model. We followed up the in situ differentiation via MRI (4.7 T scanner) for 21 days focusing on Magnetization Transfer Ratio (MTR) and
Diffusion-Tensor Imaging (DTI) properties of the de novo tissue and confirmed the results by histology, immunohistochemistry, western blot and
real time PCR.
RESULTS: MT measurements showed an initial MTR decrease before increasing steadily and approximating the MTR values of reference
skeletal muscle tissue. DTI revealed that de novo generated muscle fibers are orientated in the same direction as the surrounding fibers which
were not affected by the initial muscle crush injury. Cell differentiation and myofibers formation could be confirmed by increased muscle
specific markers. The mean fiber length, tract volume, fiber number as well as diffusion parameters focal anisotropy and apparent diffusion
coefficient approximate the values prior to injury acquisition during the process of regeneration.
DISCUSSION & CONCLUSIONS: Human SSCs form muscle tissue in situ and MT-MRI allows to directly assess muscle fiber formation as a
measure of myogenic differentiation. DTI there while highlights the direction of the newly formed fibers. These results will be transferable to the
clinical setting as a non-invasive biomarker for the assessment of muscle tissue regeneration in patients.
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Introduction:
Recent advances in regenerative medicine could show that transplantation of autologous stem cells may offer an alternative approach to
organ transplantations. However, there are still challenges to overcome for a successful therapeutic application. Due to their regenerative
capacity muscle precursor cells (MPCs) are investigated for of muscle reconstruction. To better understand the cell-induced regeneration novel
imaging technologies are needed. In this study, we explored the possibility of using PET/CT for in vivo tracking of the implanted hMPCs, while
visualizing the neo-vascularization levels in the bioengineered muscle tissues in a mouse model.
Methods:
hMPCs were isolated and expanded from biopsies of the M. rectus abdominis. After efficient design and production of 2 adenoviruses, the
hMPCs were genetically modified to express a mutated human dopamine-D2R and/or hVEGF-A. Thereafter, the cells were suspended in a
collagen carrier and s.c. injected in nude mice. After 1-2 weeks the newly-formed muscle tissues and their metabolism were visualized by
specific PET/CT tracers. The harvested tissues were analysed by Western Blot.
Results:
The two adenoviruses showed no detrimental effects on hMPCs. The overexpression of hD2R allowed for precise visualization, using
18
F-Fallypride. Imaging of 64Cu-NODAGA-RGD provided additional insights on neo-vascularization induction in the newly-formed tissues. VOIs
analysis ( π -mod) showed enhanced neo-vascularization in all hVEGF-A infected samples.
Conclusion:
Our study demonstrated that PET/CT Imaging may offer a novel method for non- invasive tracking and metabolic visualization of genetically
modified autologous stem injection for treatment of muscle diseases.

434

a93106

02-P287

Optimal Conjugation of Uniaxial Pattern and Electric Field for Musculoskeletal Differentiation  
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In attempts to develop a fully functional skeletal muscle tissue in vitro, the external stimuli are an inevitable option to enhance the
differentiation and maturation of muscle progenitor cells. While there are a number of the phenomenological reports on this subject, the exact
mechanism of how these physical stimuli impact the target cells has not yet been fully understood. Therefore, we find it necessary to
investigate the underlying mechanism to determine optimal differentiation conditions of muscle progenitor cells for tissue engineering
applications.
In this study, we focused on two primary inquiry questions; 1) what is the difference between physical microenvironment cues and
biochemical cues, 2) are there optimal conditions for musculoskeletal development. To answer these questions, the uniaxial pattern (UP) and
the electric field (EF), which are most well-known physical microenvironment in the musculoskeletal system, were employed. The C2C12
myoblasts were used as model cells of myoblasts. The stimulation direction and applying time point of EF were regulated to find the optimal
conditions and mechanisms of physical cues. From the results, we found that the EF stimulation induced the C2C12 fusion and myotube
maturation when EF was applied in the direction parallel to the UP in the late stage of myogenic differentiation. In other words, physical
stimulation exhibit spatial-dependent effects as well as temporal. Because the biochemical cues only have the temporal-dependent response,
physical microenvironment stimulation must be transmitted in novel ways. Conclusively, we successfully demonstrated that the optimal
combined stimulation of topographical and electrical cues could efficiently enhance both myogenic differentiation and maturation, providing the
basis for therapeutic strategies for regenerative tissue engineering.
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Fully automated, personalized small batch cell culturing bioreactor for regenerative medicine
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Autologous tissue engineered skin grafts are highly promising regenerative treatments in the field of personalized medicine. The benefits of
engineering sufficient amounts of skin for transplantation comes at the cost of an elaborated manufacturing process. The biological
manufacturing of these personalized treatments generally requires the generation of a specific number of cells from the patient’s biopsy. Cell
culturing, therefore, is an integral part of the manufacturing process, as the source of viable donor cells is typically limited. To be clinically
applicable the culturing process cost efficiency, constant quality and reproducibility. Industrially available systems are unsuitable, because they
do not consider the frequent change of source cells for a personalized small batch production. The manual techniques, in contrary, require
sophisticated equipment and trained operating staff in a high class clean room. Here, we present a first prototype of a cartridge based
autonomous cell-culturing system, to streamline and ease the cell proliferation, intended to be used for an Advanced Therapy Medical Product
(ATMP) skin graft and to close the product gap in small batch cell production. The system is based on a custom-designed cartridge which
reliably prevents environmental contamination and cross-contamination between different donor cells by a single use concept. An integrated
valve system in the disposable cartridge pursues a precise and cost-effective fluid handling. The cell specific atmospheric composition and
humidity conditions are constantly controlled with designated sensors and an integrated high-resolution camera observes cell growth
automatically without exposing the cells to an external environment. The features and fluid handling properties can be controlled by a monitor
based control interface. The system, which simultaneously can hold up two cartridges, was able to optimally control the environmental
conditions, as well as successfully execute the fluid handling processes using the custom-built cartridge autonomously. The experiment showed
the preliminary concept feasibility, which will be further investigated by performing a full culturing cycle with human fibroblast cells. Enclosing
the biomaterial could allow to dispose of the clean room requirement in the future. Furthermore, the system is developed on a scalable
principle that makes it potentially usable for a broad spectrum of cells that require 2D culturing in personalized batches.
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Importance of the Timing Between the Induction of Muscle Regeneration and the Transplantation of Myogenic
Cells in the Outcome of Muscle Cell Therapy: a Study in Non-Human Primates
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Introduction
Cell therapy is a major strategy for the future treatment of muscle disorders. The cell therapy protocol that we developed in macaques
allowed molecular correction with better efficacy than previously in patients with muscular dystrophy, but needs improvements to obtain a
broader engraftment. Of the factors analyzed so far in non-human primates to improve the cell engraftment, the only one that favored a
broader integration of the grafted cells in the myofibers of the recipient was the induction of muscle regeneration in conjunction with the cell
graft. Since muscle regeneration is a dynamic process, it is necessary to investigate the moment in which the grafted cells are more likely to
integrate profusely into the recipient myofibers. To elucidate that, we carried out a study in non-human primates.
Methods
We transplanted allogeneic muscle precursor cells labeled with ß-galactosidase (ß-Gal) in muscle regions of 1 cm3 of cynomolgus monkeys.
The sites were treated or not with electroporation to trigger massive muscle regeneration. Cell injections were done either immediately after
electroporation, or 1, 2, 3, 4 and 5 days later. Tacrolimus was administered daily to control rejection. Cell grafted regions were sampled one
month after transplantation, snap frozen in liquid nitrogen and sectioned in a cryostat. Muscle cross-sections were stained with hematoxylin
and eosin and for histochemical demonstration of ß-Gal. The amount of ß-Gal+ myofibers was quantified in the cross-sections as an indication
of engraftment success.
Results
The amount of ß-Gal+ myofibers was significantly increased by 2.22 ± 0.94 in the muscles in which cell transplantation was done immediately
after electroporation, with respect to regions grafted similarly but without electroporation. In muscles in which cell transplantation was done
one day after electroporation, there was a no significant decrease (0.72 ± 0.57 fold) in the amount of ß-Gal+ myofibers. In subsequent
periods, the engraftment was very reduced or null: taken together, the amount of ß-Gal+ myofibers was reduced to 0.13 ± 0.11 with respect
to regions grafted in a similar way but without electroporation.
Conclusion
According to these data, cell transplantation must be concomitant with the induction of muscle regeneration. Performed a day later the results
were variable and not significant, and in later periods the timing was detrimental to the cell graft.
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Age-related factors regulate integration and maturation of muscle progenitor cells upon transplantation into
muscle injury
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We recently developed and characterized a model of compression injury (i.e. compartment syndrome-CS) in the hind limbs of rats. This injury
results in damage to the muscular, vascular and neural components, such as is seen in patients after crush injuries or blunt force trauma. Our
complex injury model provides a unique setting to identify age-dependent changes in the microenvironments (i.e. vasculature, neuro-muscular
junctions, etc.) of uninjured and injured tissue, as well as the interactions between the microenvironment and the progenitor cells used for
therapy. Age associated declines in muscle function and healing are a major cause of disability in the elderly population. Cell therapy is being
developed as an approach to enhance recovery after muscle injury, however a reliable source of the human muscle progenitor cells (hMPCs)
for clinical applications is still debated. The objective of this research was to characterize hMPCs from different donor ages in vitro and to test
their ability to survive and engraft into host muscle in vivo in rat model of CS injury. Immunofluorescence staining and qRT-PCR were used to
examine myogenic marker expression before and after differentiation. Cells were injected into the tibialis anterior muscle of adult male nude
rats 4 days after injury. Human specific Lamin A+C and Dystrophin antibodies were used to track the location and engraftment of the hMPCs in
host muscle 14 and 28 days after injury. The three hMPCs showed varied expression of myogenic markers and proliferation ability. All were
able to differentiate into myotubes in vitro as evidenced by staining for myosin heavy chain and qRT-PCR assays. All injected hMPCs were
detected in vivo with varied cell migration and fusion with host cells to form chimeric myofibers as detected by human dystrophin staining. Our
data indicate that hMPCs of different clinical sources can be expanded while keeping their myogenic differentiation potential in vitro. hMPCs
can survive, integrate and differentiate into myofibers after transplantation into CS injured muscle. In conclusion, the loss of regenerative
capacity in skeletal muscle due to aging is dependent on both micro-environmental and intrinsic cellular changes. For effective cell therapy,
both of these factors must be taken into consideration, and may be the overriding reason for the current clinical failures.
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The use of Skeletal Muscle-Derived Pericytes in Tissue Engineering of Skeletal Muscle Graft based on 3D PluronicFibrinogen (FF-127) Hydrogel Environment
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Muscular dystrophies (MDs) are genetic disorders characterized by progressive muscle wasting, leading to limitations in motor capacity and in
many cases to progressive paralysis and death. Skeletal muscle tissue engineering is a promising approach for the treatment of muscular
disorders. However, reconstructive strategies yield only modest therapeutic outcomes. The wall of skeletal muscle vessels retains a niche of
regenerative mesenchymal cells, namely Pericytes. Generally, pericytes are mural cells that surround the endothelium of small vessels. They
regulate numerous functions, such as vessel growth, stabilization, and permeability. In this present study, we aim to rejuvenate skeletal muscle
function by developing an injectable approach for intra-arterial delivery of Pericytes to the injury site using biomaterials combined with cell
therapy. We developed a new class of Pluronic-Fibrinogen (FF-127) hydrogels for the production of micro-gels as carriers for cell therapy.
These micro-carriers incorporate biological macromolecules with synthetic polymers to create a cross-linked hydrogel network through a
thermal gelation in response to small changes in ambient temperature. We employed the FF-127 micro-carriers, seeded with skeletal musclederived pericytes (MP) using a new droplet-based microfluidic device, as the basis of our skeletal muscle repair strategy.
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Treatments Reported to Improve Muscle Precursor Cell Transplantation in Mice Fail to Improve it in Non-Human
Primates: a Cautionary Note in the Clinical Relevance of Cell Therapy Experiments in Mice
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Introduction
Cell therapy is a major strategy for the future treatment of muscle disorders. The cell therapy protocol that we developed in macaques
allowed molecular correction with better efficacy than previously in patients with muscular dystrophy, but needs improvements to obtain a
broader engraftment and molecular correction. Several studies in mice reported methods that substantially increased the cell engraftment
(sometimes up to 4 fold) based essentially on in vitro treatments and / or co-injection of the cells with growth factors (GF) or other molecules.
Since these methods would be easily applicable in the clinic, we wanted to verify them in non-human primates, evaluating their future
application in clinical trials.
Methods
We transplanted allogeneic muscle precursor cells (MPCs) labeled with ß-galactosidase (ß-Gal) in muscle regions of 1 cm3 of cynomolgus
monkeys. Tacrolimus (combined or not with dexamethasone) was administered daily to control acute rejection. The strategies used to improve
the MPC engraftment were: in vitro treatment with or without co-injection of the cells with the following molecules (alone or combined): insulin
GF1, basic fibroblast GF, hepatocyte GF, plasmin and concanavalin A. One in two cell-grafted regions was treated by electroporation to induce
broader myofiber regeneration concomitant to the graft. Cell grafted regions were sampled one month after transplantation, snap frozen in
liquid nitrogen and sectioned in a cryostat. Muscle cross-sections were stained with hematoxylin and eosin, and for histochemical
demonstration of ß-Gal. The amount of ß-Gal+ myofibers was quantified in the muscle cross-sections as an indication of engraftment success.
Results
The only factor that substantially increased the number of ß-Gal+ myofibers was the extensive muscle regeneration induced by
electroporation. Otherwise, for the same cell graft conditions (injection with or without electroporation) none of the cell treatments increased
the amount of ß-Gal+ myofibers and therefore the success of the cell graft.
Conclusion
The cell treatments reported to increase the MPC engraftment in mice had no incidence in non-human primates. The only strategy capable of
increasing the cell engraftment remains the induction of extensive muscle regeneration concomitant with the cell graft. As in other areas of
preclinical research, this study also questions the preclinical validity of results reported in mice.
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Diabetes Approach by Multi-Organ-on-a-Chip
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Insulin secretion and insulin action are critical for normal glucose homeostasis. Defects in both of these processes lead to type 2 diabetes
(T2D). Unravelling the mechanisms that lead to T2D is fundamental in the search of new molecular drugs to prevent and control this disease.
Organ-on-a-chip devices offer new approaches for T2D disease modelling and drug discovery by providing biologically relevant models of
tissues and organs in vitro integrated with biosensors. As such, organ-on-a-chip devices have the potential to revolutionize the pharmaceutical
industry by enabling reliable and high predictive in vitro testing of drug candidates. The capability to miniaturize biosensor systems and
advanced tissue fabrication procedures have enabled researchers to create multiple tissues on a chip with a high degree of control over
experimental variables for high-content screening applications. The goal of this project is the fabrication of a biomimetic multi organ-on-a-chip
integrated device composed of skeletal muscle and pancreatic islets for studying metabolism glucose diseases and for drug screening
applications. Engineered muscle tissues and pancreatic islets are integrated with the technology to detect the glucose consumption,
contraction induced glucose metabolism, insulin secretion and protein biomarker secretion of cells. We aim to design a novel therapeutic tool
to test drugs with a multi organ-on-a-chip device. Such finding would improve drug test approaches and would provide for new therapies to
prevent the loss of beta cell mass associated with T2D and defects in the glucose uptake in skeletal muscle.
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DYSTROPHIN-DEFICIENT MYOBLASTS
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Progressive apoptotic myonuclei has been reported in degenerating muscle fiber of muscular dystrophy as well as in mdx mouse. However,
lack of study on apoptosis mediated-pathway been revealed. Here, we reported that disturbed ER stress level changed UPR activation and
leads to apoptosis via PERK-mediated CHOP in dystrophin-deficient myoblasts. In this study, we were using dfd13 (dystrophin-deficient) and
C2C12 (non-dystrophic) myoblasts. Our differentiation system revealed that dystrophin-deficient myoblasts has impaired differentiation
capacity in vitro. We further investigated the PLC and its downstream pathway and found that phospholipase-C gamma-1 (PLC γ1) activation is
increased in differentiating dystrophin-deficient myoblasts. We determined the level of ER stress through CHOP expression and found it was
lower in early differentiating dystrophin-deficient myoblasts. ER stress activates eIF2α receptor and deactivates ATF6 transmission in
differentiating dystrophin-deficient myoblasts. At non-differentiated state, UPR activation is highly exhibited via ATF6 receptor rather than in
PERK. Upon differentiation, it switched to PERK meanwhile ATF6 showed less activated. We also found that Protein Kinase C is selectively
activated and deactivated in differentiating dystrophin-deficient myoblasts. At the end, we found that Erk1/2 activity is decreased in
differentiating dystrophin-deficient myoblasts indicated that protein translation signalling is impaired. Dystrophin-deficient myoblasts exhibit
PERK-mediated CHOP suggests dfd13 is prone to apoptosis. As a conclusion, elevation of PLC activation contributed to reduction of
endoplasmic reticulum stress level subsequently changed UPR modulation in differentiating dystrophin-deficient myoblasts.
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*LPS and AFC contributed equally to this work
Skeletal muscles are prone to regenerate upon small injuries but high damages may cause myopathy with irreversible loss of muscle mass and
function. Strategies involving the use of biomaterial templates loaded with functional and stimuli-responsive muscle-derived cells have been
followed to prompt myogenesis. Conductive materials are appealing tools as they are able to conduct electrical signals known to stimulate
myoblast fusion and orientation. Herein we propose gellan gum (GG)/polypyrrole (PPy) and GG/polyaniline (PANi) conductive spongy-like
hydrogels with inner pore orientation as conductors of electrical stimuli (ES) for myoblasts ingrowth. Conductive spongy-like hydrogels were
prepared through the polymerization of ANI and Py within GG hydrogels followed by a hydration, freeze, freeze-drying, pore formation and rehydration process1,2. GG/PPy and GG/PANi materials presented a semi-conductor behavior in the order of 9x10-3Scm-1, as determined by
electrochemical impedance. The effect of the voltage (30 and 60 mV/mm), duration (1h and 4h) and amount (one ES and multiple ES at
selected intervals) of direct current ES was herein first studied on C2C12 cultured in 2D in growth and differentiation medium up to 14 days.
Cells cultured in high-serum growth medium and stimulated with high voltages (800 mV) and longer ES duration (4h) promoted the formation
of a higher number of myotubes and elevated myosin expression as detected by immunocytochemistry and western blot. However, the time of
ES did not seem to affect myoblast differentiation. C2C12 loaded in conductive spongy-like hydrogels and stimulated with 800 mV for 4h
showed orientation towards the electrical current and fused into myotubes. Higher levels of myotubes formation and myosin expression were
observed than in the materials without PANi and PPy polymerization. Overall, conductive spongy-like hydrogels are promising biomaterials to
support the differentiation of myoblasts with the use of external ES.
Ref: 1da Silva et al. WO/2014/167513; 2Berti et al. Tissue Engineering Part A 23(17-18) 2017
AK: POCI-01-0145-FEDER-007038-UMINHO/BPD/44/2016 (LPS), SFRH/BPD/109595/2015 (AFC), NORTE-01-0145-FEDER-000023 (AIB), UID/
EEA/04436/2013 and POCI-01-0145-FEDER-006941 (JFR), ERC-2012-ADG 20120216-321266 (LG), IF/01214/2014 (VMC) and FROnTHERA
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Myogenic differentiation triggered by zinc ions
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Skeletal muscle possesses a robust innate capability for repair of tissue, however severe injuries that result in significant loss of muscle mass
exceed the innate regeneration and require intervention to restore its normal function [1]. Muscle tissue provides storage for carbohydrates
and trace elements such as zinc or calcium. Zinc is one of the essential trace elements, ubiquitous in cell metabolism, and essential to carry out
eukaryote cells biological processes [2]
In this work, we study the use of zinc to trigger myogenic differentiation with the aim to evaluate the potential of this ion to promote muscle
regeneration.
Zinc chloride was used as a source of Zn. Cell viability at different Zn concentration was evaluated in murine myoblasts (C2C12 cell line) with
a Live/Dead kit. Influence of Zn on cell proliferation and myogenic differentiation was analysed by BrdU assay and immunofluorescence
respectively. In order to get a better understanding of the mechanisms underlying myoblast differentiation, intracellular Zn concentration, Akt
activity as well as Zip7 expression in cells exposed to Zn2+ were analysed.
The results indicate that intracellular amount of Zn depends on the concentration of Zn at which cells were exposed. We found that this
process is related to the PI3K/Akt pathway, via zinc stimulation of transporter ZIP7. Zip7 silencing by RNA interference shows reduction of both
PI3K/Akt signalling and a significant reduction of myotubes development and multinucleated myofibers.
We demonstrate that the enhancement of myocytes maturation and development induced by exogenous Zn is closely related to Zip7
transporter and its downstream Akt activation.
Acknowledgements
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Effective development of neuromuscular junction in co-culture with hiPS cell-derived motor neurons and
oriented engineered muscle tissue
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Motor neuron disease are progressive disorders resulting from degeneration of neuromuscular junctions (NMJs), which form the physiological
connection between motor neurons and skeletal muscles. The pathogenic mechanism of these diseases in both tissue and molecular levels still
remain to be elucidated. In order to understand pathogenesis of the diseases and discover the drag for the diseases, an effective model of
skeletal muscle tissue is required to be developed. Co-culture systems with motor neurons and skeletal muscle tissues to create in vitro
models have been hitherto reported. However, mouse cells were used in most of these studies, and the model tissue of human cells having
physiological NMJs and contractile function has yet to be developed.
The aim of this study is to create an in vitro model of engineered skeletal muscle tissue having NMJs by co-culture with human myoblasts
and human iPS cell (hiPSC)-derived motor neurons. We has previously established a culture system for producing an aligned myotube construct
using the micropatterned temperature-responsive culture dish.1 On the other hand, a rapid, efficient and simple method for differentiation of
motor neurons from hiPSCs has been reported.2 In this study, human motor neurons were co-cultured with the muscle tissue to effectively
induce NMJs formation, and the effect on enhancement of differentiation, and functional generation of both the neural and muscular tissues
were examined.
Differentiation of hiPSC into motor neurons was confirmed by immunostaining and flow cytometry. Within the co-cultured tissue construct,
the engineered myotubes showed expression of acetylcholine receptors (AChRs) which are essential for the formation of NMJs. Interestingly,
the areas of AChR clusters shown on the myotubes significantly increased by co-culture with motor neurons. This result suggested that the
hiPSC-derived motor neurons enhanced maturation of the myotubes. In addition, contraction of the muscular tissues was observed when
adding 40 µM glutamic acid. This suggested that these NMJs were functionally active and the muscle tissue contracted through the NMJ
signaling pathway from the stimulated motor neurons. Therefore, this co-culture method is expected to be useful for producing an in vitro
model of the mature neuron-muscle tissue in the future.
1. H. Takahashi, et al., Biomaterials, 34, 7372-7380, 2013.
2. Shimojo et al., Molecular Brain, 8, 79, 2015.
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The Effect of Irradiation on Cultured Myoblasts
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Introduction: Radiotherapy (RT) is used to treat over 50% of cancer patients, but its therapeutic effects are limited by toxicity to normal tissues
surrounding the tumor. Radiation-induced fibrosis (RIF) is a treatment-related complication that affects the normal skeletal muscle of patients
treated RT occurring at an incidence of 31-57%, often months or years after treatment. In this pilot study, the effects of irradiation on the
proliferation and differentiation of the mouse myoblast C2C12 cell line were investigated. The expression of genes relevant to fibrosis and
inflammation were tested.
Materials and Methods: C2C12 cells were exposed to increasing doses of ionizing radiation (IR, 0-10 Gy). Cell proliferation curves were
generated to calculate doubling times (IncuCyte (Essens Bio.)). Propidium iodide (PI) staining and flow cytometry were used to determine
changes in cell cycle after IR exposure. The myogenic differentiation potential of the cells was evaluated using myosin heavy chain (MHC)
immunostaining. C2C12 cells expressing a NF-kB responsive mKATE reporter were used to indicate the activation of inflammatory pathways
after irradiation. RT-qPCR was performed to determine changes in gene expression.
Results: IR exposure resulted in a dose dependent slowing of cell proliferation and an increase in cell cycle arrest. Smaller myotubes were
formed in irradiated cells as compared to non-irradiated cells. Expression of the myogenic markers examined was not changed after irradiation.
Connective tissue growth factor (CTGF), a gene involved in fibrosis, was temporarily increased after irradiation. The NF-kB pathway was also
activated in irradiated cells.
Conclusions: This preliminary experiment demonstrated that IR exposure decreased the proliferation rate and myogenic differentiation
capacity of C2C12 cells. Induction of inflammatory and fibrotic pathways may be the mechanism behind these changes. Further studies are
needed to elucidate the molecular mechanisms behind this phenomenon, which will provide insight into the development of novel therapeutics
to reduce the side effects of radiation therapy in muscle.
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Absence of SIRT2 induces muscular adipogenesis in aged mice by PPAR-gamma signaling pathway
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Sirtuins, known as NAD+-dependent protein deacetylases, include seven species, and their functions are related to numerous biological
functions. Sirt2 suppresses adipogenesis by deacetylating FOXO1 to promote the binding of FOXO1 to PPAR γ and then represses PPAR γ
transcriptional activity. PPAR γ represses myogenic differentiation and has a critical role in adipogenesis. In pathological conditions in agingrelated sarcopenia, skeletal muscles develop intramuscular adipose tissue. Skeletal muscle is an important tissue that can alleviate the aging
process. Therefore, SIRT2 should also be considered as a possible regulatory gene in aged skeletal muscle. Therefore, in this study, we
compared the total weight, muscle weight, and fat accumulation in 10- and 70-week-old mice. 70-week-old Sirt2KO mice gained more body
weight and accumulated more fat than 70-week-old WT mice. In 70-week-old Sirt2KO mice muscle, we detected intra muscular adipose tissue
(IMAT). IMAT is a leading indicator of sarcopenia, and these adipose cell signals drive the muscle faster aging process. We compared both
mice quadriceps muscle‘s mRNA and protein that made difference between mice. Many cell signals were different and we found significant
difference with PPAR γ between both groups of mice. We also found pro-inflammatory cell signals were increased in 70-week-old Sirt2KO mice
muscle. These differences indicate that Sirt2KO mice muscle contains more fat than WT mice muscle. As a result, SIRT2 inhibits the
differentiation of adipose tissue in muscle and due to this inhibition; it also lowers the pro-inflammatory cell signals that lead to the destruction
of aged muscle.
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Development of a urinary rhabdosphincter tissue scaffold on the basis neuromuscular stimulation and multiple
cell types for improved innervation and vascularisation
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Introduction
Although growing of muscle tissue from isolated myoblasts in vitro and in vivo has been proven possible, proper functional regeneration of
these tissues in terms of efficient vascularization and innervation is still an ongoing challenge. However, this is crucially important to ensure
long-term tissue survival and proper embedding into host tissue before wide-spread clinical application can take place. Here, we present a
synergistic approach by combining neuromuscular electromagnetic stimulation (NMES) with a combination of several cell types to enhance
functional tissue formation within a 3D-collagen scaffold.
Experimental design and methods
Differentiated skeletal muscle derived stem cells in combination neuron- and epithelial-like cells have been cultured in 3D-collagen scaffolds
with and without neuromuscular electromagnetic stimulation (NMES) stimulation. Tissue formation was assessed through contraction assays
and protein expression. To highlight the myogenic differentiation as well as the direction of the newly formed fibers we applied Magnetization
Transfer MRI as well as Diffusion Tension Imaging.
Results
In comparison to unstimulated samples, NMES induces a higher directionality of fibres and contraction of the scaffolds. Overall cell
connectivity and density within the scaffold was increased after NMES treatment. However, when cultured together with cells from the
neuronal lineage, the density and inter cell connectivity is reduced in both conditions. All in all, protein expression of the skeletal muscle
associated genes sarcomeric myosin heavy chain and sarcomeric alpha actinin appeared at an earlier time point with NMES compared to
unstimulated samples.
Conclusion
On the whole, this study could reveal further knowledge on skeletal muscle derived stem cells for tissue formation in 3D-scaffolds. Despite the
improvement of skeletal muscle-like tissue characteristics, in vivo experiments remain required in order to assess the full potential of NMES
together with a multi-cell type approach prior to a possible bench to bedside transfer.
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Transfection of synthetic modified mRNA encoding VEGFA into skin fibroblasts promotes revascularization in a
murine model of limb ischemia

Ziyou Yu
Shanghai Ninth People's Hospital, Shanghai Jiaotong University School of Medicine

Synthetic modified mRNA (modRNA) is a new technology in the field of gene therapy and provide alternative therapeutic platform for tissue
regeneration. Here, using a modRNA based strategy for cell engineering, human skin fibroblasts were transfected with modRNA encoding
VEGFA (hsf-modRNA-vegf) to promote the angiogenic ability. Hsf-modRNA-vegf conditioned medium strongly stimulates the proliferation, migration and
tube formation of human umbilical vein endothelial cells. Intramuscular injection of hsf-modRNA-vegf into the ischemia limb of mouse promotes blood
perfusion. modRNA is an efficient and safety way for engineering desired cells.
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FGF-2, but not the adipose tissue-derived stromal cells’ secretome, inhibits differentiation of human cardiac
fibroblasts into myofibroblasts
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INTRODUCTION: Transforming growth factor-β1 (TGF-β1) is a potent inducer of fibroblast differentiation into myofibroblasts and it
contributes to the pro-fibrotic microenvironment during cardiac remodeling. Fibroblast growth factor 2 (FGF-2) is a growth factor secreted by
adipose tissue-derived stromal cells (ASC) and recognized for its ability to antagonize TGF-β1 signaling. We hypothesized that cardiac
fibroblast into myofibroblast differentiation could be abrogated by FGF-2 and ASC conditioned medium (ASC-CMe). METHODS: Ventricular
human cardiac fibroblasts (NHCF-V) were cultured as five experimental groups: 1)FBM, NHCF-V cultured with Fibroblast Growth Medium 2
(FGM2), without added factors; 2)FBM/TGF-β1, NHCF-V culture with FGM2 added with TGF-β1; 3)FBM/TGF-β1/FGF-2, NHCF-V culture with
FGM2 added with TGF-β1 and FGF-2; 4)ASC-CMe, NHCF-V culture with ASC-CMe, without added factors; 5)ASC-CMe/TGF-β1, NHCF-V
culture with ASC-CMe added with TGF-β1. Gene expression of mesenchymal markers and extracellular matrix-related genes was analyzed by
RT-qPCR. The protein expression of mesenchymal markers was evaluated by immunofluorescence microscopy and Western Blot. NHCF-V
proliferation was analyzed by Ki-67 labeling and wound healing capacity by the scratching assay. RESULTS: TGF-β1 treatment induced NHCF-V
differentiation into myofibroblasts, as evidenced by the formation of contractile bundles rich in ɑSMA. FGF-2 showed capable to block NHCF-V
differentiation, as evidenced by the reduction in the gene (TAGLN, p<0.0001; ACTA2, p=0.0056) and protein (αSMA, p=0.0338) expression of
mesenchymal markers. ASC-CMe was not able to block myofibroblast differentiation. The treatment with FGF-2 was also capable of decrease
collagens transcription (COL1A1, p<0.0001; COL3A1, p=0.0029), increase matrix metalloproteinases gene expression (MMP1, p<0.0001;
MMP14, p=0.0027) and decrease the expression of tissue inhibitor of metalloproteinase gene TIMP2 (p=0.0023). ASC-CMe did not show the
same capacity. Interestingly, NHCF-V proliferation, which was reduced by TGF-β1 treatment, could be restored by both FGF-2 (p=0.0002) and
ASC-CMe (p=0.0121). Wound healing potential was not affected by NHCF-V stimulation with TGF-β1 and no differences were found between
the groups. CONCLUSION: The present study supports the anti-fibrotic effects of FGF-2 through the blockage of NHCF-V differentiation into
myofibroblasts. ASC-CMe, however, could not demonstrate the same effects.
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Tracking tissue turnover and scaffold degradation in 3D constructs

Ying Yang，Rachel Gater，Alicia El Haj
Institute of Science & Technology in Medicine, University of Keele, Stoke-on-Trent, ST4 7QB, UK

Three dimensional (3D) culture which mimic native tissues structure is the central elecment in tissue engineering. Two dynamic activites occur
in opposite directions simultenously within tissue engineering constructs. Biodegradabale scaffolds are gradually decomposed, whilst neotissue are regenerated to fill the space of lost scaffold fragments. For the prolonged culture process, non-destructive monitoring techniques
allowing for real-time, live imaging of the constructs and associated scaffold degradation are highly valuable and demanded. Monitoring
scaffold degradation is essential area as degradation has been shown to have a significant effect on tissue turnover within constructs. Collagen
is a key extracellular matrix. Its synthesis rate directly and indirectly reflects the metabolism of cells in the construct. Sometime the synthesis
rate is the key marker of model tissue.
In this study, we introduce two new techniques enabling to follow the aforementioned processes. The first technique is to tag polymers with
biocompatible fluophoros, which turns scaffolds into fluorescence. The intensity of the tagged fluorescence change correlates with the weight
loss of the scaffold, and the degradation rate. To quantify the effect of scaffold degradation on the cell activities, we defined a turnover index
for the correlation of biomaterial degradation and cell based extracellular matrix synthesis. The work showed that the degradation of a range
of biomaterials can influence cell behaviour including proliferation and gene and protein expression. Slower degrading biomaterials were
shown to increase cell proliferation when compared to faster degrading biomaterials, whereas faster degrading biomaterials were shown to
increase osteogenic protein deposition when osteoblasts were used.
A neocollagen fluorescent labelling technique using azide-proline was used to quantify the amount of collagen produced by fibroblasts within
the conjunctival model, which measured the collagen formation rate in response to various external stimulations up to 2-4 weeks for the same
sample. Thus, these new techniques offer convenient tools for optimization of culture condition and mechanism study.
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Platelet Lysate Prepared from Expired Platelet Concentrates for the Culture of Skin Dermal Fibroblasts
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Platelet concentrates is a blood product available in the hospital blood bank for transfusion purposes. In Malaysia, platelet concentrates in
blood bank can only be kept up to 5 days at 20°C to 24°C under constant agitation in accordance to the Ministry of Health guideline and will
be discarded as biological waste if not being transfused. Even though these expired platelet concentrates are no longer suitable for transfusion,
majority of the platelets and growth factors in these concentrates are still intact. Thus, the expired platelet concentrates may be recycled and
processed into human platelet lysate (hPL) for cell culture application. In this study, we examined the potential of hPL in replacing fetal bovine
serum (FBS) for the culture of skin dermal fibroblasts. We collected expired platelet concentrates from blood bank and stored in -80°C before
processing into hPL. Five bags of frozen platelet concentrates were thaw and pooled before frozen again at -80°C. The freeze and thaw
process was repeated before centrifugation and filtration to remove the clots. Heparin was added to the hPL to prevent spontaneous clotting.
We compared 5% and 10% hPL with 10% FBS as supplement to the DMEM/F12 medium for the culture of dermal fibroblasts. In addition, we
compared the expression of extracellular matrix (ECM) genes (type I collagen, type III collagen and fibronection) of the cells in different culture
medium. Results showed that dermal fibroblast culture with 10% hPL grow significantly faster compared to those culture with 10% FBS.
Furthermore, cells cultured with hPL also have higher expression of ECM genes. In summary, hPL enhanced the growth of dermal fibroblasts.
Faster cell growth can greatly reduced the time and cost needed to get the adequate number of cells ready for clinical applications. As hPL is
produced from platelet concentrates that are prepared according to the national and international standards, the risk of transfusiontransmitted infection will be minimal. It is hope that through the use of hPL prepared from expired platelet concentrates, time and cost for the
preparation of dermal fibroblasts can be greatly reduced so that more patients can be benefited from cell therapy.
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Interactions between cancer and stromal cells in  silk biomaterial-based 3D breast cancer model
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Cancer is a complex disease regulated by a crosstalk among epithelial, cancer associated fibroblasts, endothelial and immune system cells
interacting with soluble and insoluble components of the extracellular matrix (ECM). Flat cell cultures and xenograft animal are the tools
exploited by researchers to gain insight into underlying mechanisms governing complex pathological environment. In the last decades, the
relevant scientific results highlight the reliability of 3D bioengineered tissue culture to recapitulate cell-cell and cell-ECM interactions.
In particular, 3D tumor models gain attention since they better recapitulate the dynamic mechanisms driving cancer progression, invasion and
metastasis. A gold standard model that faithfully mimic solid cancer disease is not available yet due to the complexity of the disease. In this
work, a 3D breast cancer model based on freeze/dried silk fibroin scaffold (SF) is created. SF from mulberry silkworm Bombyx mori is used due
to its good biocompatibility, elasticity, toughness, suitable mechanical properties, tunable biodegradability and aqueous preparation. The
physico-chemical properties of SF scaffolds are are characterized. Two types of breast cancer cell lines(MCF-7 and MDAMB-231) are used to
mimic non invasive and metastatic phenotypes of the solid tumors. Breast cancer and normal mammary fibroblast cells are seeded on silk
derived biomaterial matrix to mimic better tumor microenvironment and the crosstalk between cancer and stroma cells. Proliferations of the
cells are monitored both in mono- and coculture systems by means of Alamar blue assay and DNA quantification. The morphology of 3D
breast cancer model is observed under scanning electron and confocal microscopies. Gene expression modulation concerning ECM markers
(Collagen I, MMP-2, MMP-3, MMP-9 and Fibronectin) has been evaluate in the different culture conditions in order to shed light on the crosstalk
between stromal and cancer cells. The results indicate that this model may represent a promising model for revealing new insights into
mechanisms of organogenesis and expression of malignancy. This 3D bioengineered breast cancer model may also be used for drug screening
in a more efficient and reduce expenses.
Acknowledgements
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Improved adipocyte viability in autologous fat grafting with ascorbic acid supplemented tumescent solution
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Introduction: In reconstructive surgery, fat volume augmentation is often necessary for aesthetic or functional reasons. As an alternative to
synthetic and xenogeneic materials, autologous fat grafting (AFG) based on liposuction is gaining popularity, yet successful transplantation and
long-term volume maintenance are difficult. Standard tumescent solution formulations neglect adipocyte and stromal vascular fraction (SVF) cell
survival during extraction, as well as SVF differentiation into adipocytes thereafter, all of which are crucial for the success of AFG. Here we
hypothesized that addition of ascorbic acid (AA) to the tumescent solution could prevent liposuction-induced cell damage.
Material and Methods: The effect of 0.1 mmol/l ascorbic acid in tumescent solution was investigated in a previously described ex vivo model
of AFG. Briefly, excision fat was infiltrated with tumescent solution, with or without AA, and incubated for 20 minutes at 37°C. Hand-assisted
liposuction was then performed with a blunt cannula. Total cell viability, clonogenicity and differentiation capacity of the SVF cells were
assessed.
Results: With AA, 10.3% more cells and in particular 14.9% more adipocytes survived liposuction. Clonogenicity, adipocyte and osteoblast
differentiation by SVF cells remained unchanged.
Conclusion: Addition of AA successfully improved survival of adipocytes during liposuction without affecting SVF growth and differentiation.
This study therefore identified a useful supplement to the tumescent solution which may lead to improving AFG success.
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Effects of scriptaid on reprogramming of donor cell and development of interspecies SCNT embryos
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Nuclear reprogramming of donor cell is the most important factor for successful development of cloned embryo. For this reason, improved
donor reprogramming status has been reported by treating various histone deacetylase inhibitors(HDACi). In this study, we evaluated the effect
of scriptaid, HDACi, on donor reprogramming in canine ear fibroblasts(cEF) and cloned embryos, as well as development of canine-porcine
interspecies SCNT(iSCNT) embryos. cEFs were treated with 0 to 1000 nM ranges of scriptaid in culture medium for 24 h. H3K9, H3K14 and
H4K5 acetylation increased following scriptaid treatment, especially higher levels were presented in 500 nM concentration in cEFs.
Futhermore, significantly decreased Gcn5, Hat1, Hdac6 and Bcl2 and increased Oct4 and Sox2 were caused by scriptaid treatment in cEFs.
Increased H3K14 acetylation was observed in one- and two- cell stages of cloned embyos derived from scriptaid treated cEFs. In iSCNT, higher
development status of 16-cell stages cloned embryos was observed in scriptaid treatment group. The expression levels of Oct4, Sox2 and Bcl2
were significantly increased in 16-cell iSCNT embryos, whereas Hdac6 was decreased. Overall, these results indicated that scriptaid available
for donor reprogramming and cloned embryos, as well as early development in iSCNT embryos.
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In Vivo Biocompatibility of Magnetic Responsive Scaffolds Envisioning Tendon Healing

Ana I Goncalves1,2，Márcia T Rodrigues1,2，Rui L Reis1,2,3，Manuela E Gomes1,2,3
3B’s Research Group - Biomaterials, Biodegradables and Biomimetics, University of Minho, Headquarters of the European Institute of Excellence on Tissue Engineering and Regenerative
Medicine, Avepark - Zona Industrial da Gandra, 4805-017 Barco, Guimarães, Portugal，2ICVS/3B’s - PT Government Associate Laboratory, Braga/Guimarães, Portugal，3The Discoveries Centre
for Regenerative and Precision Medicine, Headquarters at University of Minho, Avepark, 4805-017 Barco, Guimarães, Portugal
1

The poor healing capacity of tendons after damage remains a significant medical problem, and the associated socio-economical burden is a
compelling argument for research toward effective treatments. The development of biological substitutes using TE strategies combined with
magnetic tools envisions innovative regenerative solutions. Moreover, pulsed electromagnetic field (PEMF) therapy is FDA approved for
orthopedics with potential to reduce inflammation, impacting tissue healing.
Herein, we hypothesized that PEMF applied in combination with magnetic responsive materials may synergistically provide distinct mechanical
stimuli and ultimately exert a local anti-inflammatory effect.
Thus, two magnetic responsive biomaterial configurations were evaluated in a rat subcutaneous model to assess biocompatibility and tissue
response under magnetically actuated conditions. Magnetic membranes were produced by solvent casting while aligned magnetic scaffolds
were obtained by 3D printing, both incorporating iron oxide magnetic nanoparticles (MNPs) into a blend of starch/polycaprolactone.
In vitro studies supported hASCs proliferation and tendon-like ECM synthesis. Moreover, the host response to the magnetic scaffolds
suggested good integration of subcutaneous implants1, while the magnetically actuated membranes accelerated M2 macrophage clearance,
prevented mast cell infiltration and fibrous tissue thickening2. These results also demonstrated that magnetic membranes may function as
physical barriers preventing peritendinous adhesions, reducing inflammation through the application of PEMF.
The superparamagnetic behavior of the magnetic biomaterials developed suggests that external magnetic forces may activate MNPs within the
polymer matrix creating nanoscale forces, which can further assist mechanotransduction and regulation of inflammation cascades.
In sum, these magnetic biomaterials have potential to modulate inflammation and the growth of fibrous tissue through the application of
externally controlled PEMF. Also, this strategy provides an on/off mechanism to actuate implanted engineered tissue substitutes using noninvasive and painless procedures to improve tendon treatments.
Acknowledgments: BPD_RL2_DECEMBER_2017 fellowship and assistant researcher contract (RL1) under the NORTE-01-0145-FEDER-000021;
HORIZON 2020 (TEAMING Grant agreement No 739572) - The Discoveries CTR.
References: 1. Gonçalves AI, et al. Adv Healthc Mater 2016; 2. Santos L, et al. Nanomedicine 2016.
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Mesenchymal stem cell aggregates with gelatin hydrogel microspheres for regenerative therapy of tendon injury
in equine practice
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[Objective] Implantation of mesenchymal stem cells (MSCs) for tendon injury has gained prominence as a treatment option in equine practice.
Recent research has revealed that MSC aggregates with gelatin hydrogel microspheres (GMS) augment the biological functions. Thus, we
hypothesized that the implantation of MSC aggregates enhances the efficacy of cell therapy. This study compares the viability of MSC
aggregates with or without GMS and the effect of the culture medium of MSC aggregates with or without GMS on tenocyte proliferation.
Additionally, the study histologically evaluates the distribution of MSC aggregates implanted into tendon to assess a possible clinical
application.
[Methods] 1. We prepared aggregates in multiple combinations of GMS number (0, 100, 300, and 500) and MSC density (1 × 104, 5 × 104,
and 1 × 105) in 96-well plates to investigate suitable MSC aggregates with GMS for local implantation into tendons. Then, the diameters and
cell viability of the aggregates were measured after 14 days. 2. We cultured equine tenocytes in each supernatant obtained from the culture
medium of MSC aggregates with or without GMS, and then assessed tenocyte proliferation using MTS assay. 3. We injected each MSC
aggregate with GMS or monolayer-cultured MSCs into a contralateral forelimb tendon with surgically induced injuries. Then, the distribution of
MSCs was histologically assessed after 1, 3, and 7 days.
[Results] 1. The diameter of aggregates increased with the number of GMS. Despite variations in the cell viability with the combinations, the
highest viability was detected with a combination of 1 × 104 cells and 500 GMS. 2. The proliferation of tenocytes cultured in supernatants of
aggregates with GMS was higher than those without GMS. 3. MSC number was higher in aggregates-implanted tendon than in tendon
implanted with the monolayer-cultured cells at 7 days after injection.
[Discussion] As the presence of GMS supposedly increases the oxygen concentration in aggregates, it would contribute to high MSC viability
in aggregates. Perhaps, paracrine of any physiological substance-related tenocyte proliferation by MSC aggregates with GMS could be higher
than by those without GMS. Although further research to establish an appropriate combination of the cell density and GMS number for
implantation is imperative, aggregates with GMS would be efficient to prolong the residual period of MSC and might enhance the efficacy of cell
therapy.
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Functionalized 3D printed micro fibre scaffolds to bridge the gap between tendon/ligament and bone tissues
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Due to its critical role in body biomechanics, several orthopaedic injuries require the repair of a ruptured tendon or ligament to its bone
insertion, which in most cases cannot be reestablished alone. Natural healing processes often result in scar tissue of poor mechanical
properties and current treatment options fail to provide a functional integration between the graft and the host tissue. Therefore, there is a
pressing need for developing new tissue engineering approaches that allow (re)generation of this transition tissue. An ideal scaffold should
support the growth and differentiation of different cell types and promote the formation of two different types of gradients as found in the
native enthesis tissue: a gradual chance in collagen organization and degree of mineralization. Here, we hypothesize that the development of
micro-fibre scaffolds with a graded architecture and functionalized with different growth-factors (GF) binding peptides1 in a spatially-controlled
manner, can mimic the natural morphology of the bone to soft tissue interphase.
Fabrication of polycaprolactone (PCL) scaffolds (microfibers Ø=10 -15 µm) having a well-ordered rectangular pattern with graded pore sizes
(from 50 to 400 µm) could successfully be manufactured using 3D printing melt electrowriting technique2. Bone morphogenic proteins (BMP2)
and transforming growth factor (TGF-β1) binding peptides were then synthetized, characterized and immobilized in the PCL meshes.
Immunostaining shows that the functionalized meshes can capture and immobilize both GFs at the surface. Moreover, the graded rectangular
shaped scaffolds show a relatively elastic behavior with tensile stiffnessess ranging from 2 MPa (pore regions with 400 µm) to 20 MPa (pore
regions with 50 µm). Viability tests (with human mesenchymal stem cells) revealed a high cell viability (>90%) and are now being tested at
longer term for enthesis tissue formation.
In summary, the present study demonstrated that highly ordered microfibre scaffolds with a graded architecture and controlled distribution of
different GFs can be reproducibly produced. These scaffolds open a whole new range of possibilities regarding soft-to-hard interphase tissue
engineering.
References
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[2] M. Castilho, et al Adv. Healthcare Mater. 6, 1700311, 2017
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Background: Considering the potential influence of scaffolds on the surrounding icroenvironment as well as immunological issues, it is desirable
to develop a scaffold-free technique on engineering neo-tendon. Additionally alternative cell source to tenocyte is one of the important
issues.
Purpose: To assess histologically tendon regeneration of a scaffold-free Bio-3D construct developed from human dermal fibroblasts via a Bio3D printer system under tensile culture in vitro.
Methods: Using a Bio-3D printer, scaffold-free ring-like tissues were made from a total of 120 multicellular spheroids (MCSs) (2.5×10⁴ cells
per one MCS) composed of normal human dermal fibroblasts (NHDF). The ring-like tissues were cultured in vitro under static tensile loading
with self-made tensile device as tension-loaded group or without tension as tension-free group. We assessed the histological and immunohistological examinations of both groups on 4 weeks and 8 weeks (each groups, n=4).
Results: Histology of tensile-loading group revealed longitudinally aligned collagen fibers with increase of collagen deposition and spindle
shape cells with prolonged culture, although tension-free group showed lack of organization of cell arrangement and collagen fiber structure. A
significant improvement of the tendon maturing score was observed compared with tension-free group on 8 weeks (P< 0.0001). Additionally,
immunohistochemistry in the tension-loaded group revealed that tenascin C was organized along with maturing collagen fiber on 8 weeks, and
stain intensity of scleraxis was stronger than tension-free group on both 4 and 8 weeks.
Conclusion: Scaffold-free Bio-3D construct produced by NHDF underwent remodeling and formed tendon-like structure under tensile culture
in vitro, as evidenced by histological and immuno-histological findings.
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Tendons are specialized dense fibrous tissues that join muscle to bone and allow forces’ transmission from the muscle to the bone to ensure
motion. By acting like highly adapted elastic springs, they improve locomotor’s efficiency. This function is related to the tendon’s composition
and to its fibrous structure. Current strategies to repair tendon consist in suture, autografts, allografts and synthetic prostheses. None of these
techniques has provided a complete healing for tendon disorders yet.
Development of nanofibrous scaffolds mimicking the native structure of tissues is one of the major challenges of tendon tissue engineering.
Here, we investigated the potential of electrospun poly(e-caprolactone) (PCL) nanofibers inspired from the random healing structure of tendon.
Such polymer scaffolds present modulus around 12 MPa in the absence of cells. We hypothesized that cells, by the production of their own
extracellular matrix, and mainly collagen, will contribute to the reinforcement of the mechanical properties of tendon constructs.
The differentiation of rat bone marrow stem cells (BMSCs) was monitored in the absence of any tenogenic growth factors in the culture
medium, assuming that both cell-materials interaction and mechanical stretching in bioreactor (5% strain at 1Hz for 2H/Day for 14 days) would
guide their differentiation. When stimulated, cells present an elongated morphology, adapting them to the mechanical stretch, present as the
main guide of cell response. The combined increase of tenomodulin, tenascine-c, and type I collagen showed a clear differentiation towards
tendon tissue. In addition, our bioreactor allows recording in each point the stress-strain relationship. When stimulated, tendon constructs
showed an upgraded viscoelasticity, related to the extracellular matrix deposition.
Our study highlights the use of random scaffolds to mimic the in vivo tendon healing process and the importance of knowing what happens
during the stimulation phase. This model can be adapted for any material, allowing to determine the range of stimulation and the cell response
into the scaffold.
This work was carried out and funded in the framework of the Labex MS2T. It was supported by the French Government, through the program
“Investments for the future” managed by the National Agency for Research (Reference ANR-11-IDEX-0004-02) and by Région Picardie (INTIM
project).
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Development of an automated stretch-perfusion bioreactor system for the culture of reseeded decellularized
tendon matrices
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Tendon ruptures and large defects are severe burdens in clinical practice. Tendon tissue engineering has been introduced to improve the
outcome of the classic surgical reconstructive methods. However strategies are needed to improve repopulation of decellularized matrices with
host resident or transplanted cells. This study aims to develop a custom-made system that provides mechanical stimuli of cyclic strain and
peripheral perfusion for the repopulation of decellularized tendons with progenitor cells.
The bioreactor is composed by an incubator compatible oscillating structure and six independently harvestable chambers. Chambers are
individually equipped with an electro-mechanical linear actuator and a load cell to drive and monitor the cyclical traction of samples during
bidirectional perfusion dynamic culture.
A custom made PC-based control system has been developed using LabVIEW and a multipurpose I/O board able to interface stepper motor
drivers and load cell amplifier to PC.
The software allows to individually program each chamber to apply up to 7% of strain and up to 200N of axial force. The frequency can be set
from 0.1 to 3 Hz. These parameters can be set as constants or programmatically and automatically variable over time without interrupting the
culture.
An on-line load cell in every chamber measures in real time the axial force applied during stimulation, this provides a real-time feedback on the
culture and allows modifying the culture parameters according to the construct development progress (e.g. strain, frequency).
To validate the bioreactor system, decellularized tendons were statically seeded with progenitor cells and cultured within the bioreactor
subjected to 1.5% or 3% cyclic strain at 0.33 Hz, for 7 days, to test the cell viability, distribution and ECM deposition compared to statically
cultured constructs.
This is a bioreactor able to combine a pump free oscillating perfusion system, already validated, with stretching mechanical stimuli in an
automated way by using independent chambers to support cell colonization throughout a decellularized matrix for tendon replacement.
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3D printed bioreactors for tendon tissue engineering: characterising load-induced changes by the ‘collagen
barcode’

Adam Janvier，Elizabeth Laird，James Henstock
Institute of Ageing and Chronic Disease, University of Liverpool, Liverpool, United Kingdom

OVERVIEW: We have used 3D printing to generate cell culture bioreactor chambers with unique loading points for determining the response of
stem cells to tensile loading conditions. Human mesenchymal stem cells were seeded within 3D biomimetic hydrogel scaffolds around two
loading points in the chamber and stretch applied using an EBERS-TC3 bioreactor. We have used this technique to investigate our hypothesis
that differentiated cell phenotype can be characterised by the composition of collagen isoforms that they produce in response to specific
mechanical loads – effectively a ‘collagen barcode’ that functionally defines engineered tissues.
COLLAGEN: We have focussed on collagen as the major structural proteins within the body, which exists as 28 different isoforms that are each
associated with specific functions in the tissue, such as mechanical resilience, structure, proteoglycan-binding and cell regulation. The
combinations and ratios of collagen types vary across all tissues, e.g. Type I, III, V, XI, XII, XIV in tendon; whilst Type II, IV, V, VI, IX, XI dominate
in cartilage.
EXPERIMENTAL: Mesenchymal stem cells were seeded within 3D biomimetic scaffolds and cultured in the 3D printed chambers. Loading was
applied as 5% strain at 0.5Hz for 5 hours per day, whilst controls remained unloaded. By using the EBERS-TC3 as the actuator that applied the
load to the chamber, we had access to a system with a robust user interface, ensuring accurate application of the mechanical stimulus. 3D
printing enabled us to customise our culture chambers around the existing bioreactor design and replicate them at relatively low cost.
IMPACT: Mechanical loading helps to regulate the physical properties of musculoskeletal tissue. In response to loading, cells are known to
alter the composition of the extracellular matrix they produce to create functional, load-bearing tissues. We are investigating how ‘optimal’
loading conditions may therefore help generate engineered tissues with comparable ratios of collagen types as found in native tissue, and thus
improved functionality and integration as implants.
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Unveiling the Role of Pulsed Electromagnetic Field on human tendon-derived cells response in an IL-1B
inflammation model

Adriana Vinhas1,2，Ana I. Gonçalves1,2，Márcia T. Rodrigues1,2，Rui L. Reis1,2,3，Manuela E. Gomes1,2,3
3B’s Research Group—Biomaterials, Biodegradables and Biomimetics, University of Minho, Headquarters of the European Institute of Excellence on Tissue Engineering and Regenerative
Medicine, AvePark, 4805-017 Barco, Guimarães, Portugal，2ICVS/3B’s – PT Government Associate Laboratory, Braga/Guimarães, Portugal，3The Discoveries Centre for Regenerative and
Precision Medicine, Headquarters at University of Minho, Avepark, 4805-017 Barco, Guimarães, Portugal
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Inflammation plays a relevant role in the healing upon injury of tendon tissues. Increased inflammatory cytokine levels have been associated to
tendon degeneration and may provide a target for preventing overuse and tendon injuries[1]. Hence, advances to identify and modulate
inflammatory cues offer attractive possibilities for tendon therapeutic strategies.
Pulsed electromagnetic field (PEMF) has been used in clinical therapies to enhance soft tissue healing[2] and was described to exert an antiinflammatory action on disease-affected joints and muscles. However, PEMF implications in cell behavior, particularly in tendon biology and
within an inflammation-relevant context remain largely unknown.
Thus, this work aims to investigate PEMF potential to modulate human tendon resident cells (hTDCs) using an IL-1B induced inflammation
model[3,4].
Different PEMF conditions were investigated in hTDCs treated with IL-1B (1ng/ml) varying the intensity (1.5, 4 or 5mT), the frequencies (5 or
17Hz) and the duty cycle (dc, 10, 50%) within therapeutic ranges[5,6] using a commercial magnetotherapy equipment (Magnum XL Pro,
Globus). After 1h exposure to PEMF, hTDCs were characterized for metabolic activity, the release of inflammatory cytokines and expression of
pro/anti- inflammatory gene profile. hTDCs respond differently to the PEMF conditions applied. Under the influence of a 4mT/5Hz/50%dc
PEMF, pro-inflammatory IL-6 and TNF-alpha produced by hTDCs decreases, without affecting the metabolic activity. Moreover, the expression
of pro-inflammatory (TNFa, IL-6, COX-2) and ECM remodeling (MMP-1, -2, -3) genes is also diminished.
Overall, results suggest that stimulation with 4mT/5Hz/50%dc PEMF can modulate the hTDCs response to induced inflammatory stresses,
envisioning the applicability of magnetic actuated therapies for the management of tendon pathologies.
Acknowledgements: FCT (PD/BD/128089/2016) and the Doctoral Program TERM (PD/59/2013), the NORTE-01-0145-FEDER-000021,
HORIZON 2020 under the TEAMING Grant agreement No 739572 - The Discoveries CTR.
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2.Tucker JJ, et al. Journal of Orthopaedic Research, 2016.
3.Baugé C, et al. BCM Complementary and Alternative Medicine, 2015.
4.Cao Z, et al. European Journal of Pharmacology, 2010.
5.Santos LJ, Reis RL, Gomes ME. Trends Biotechnology, 2015.
6.Lee EWC, et al. Archives of Physical Medicine and Rehabilitation, 1997.

a92724

02-P318

Unraveling the crosstalk between pre-osteoblasts and tendon cells in tendon-to-bone regeneration
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Enthesis is a complex structure supported by a gradient of cells and microenvironments. Currently, mechanisms presiding to enthesis formation
are not fully understood. As enthesis integrates tendon and bone, we hypothesized that human tendon-derived cells (hTDCs)-pre-osteoblasts
(pre-OBs) interactions would trigger key events necessary for tissue regeneration. Therefore, a co-culture model was optimized to determine
the effects of heterotypic interactions on cell phenotype and on the expression of interface-relevant markers. Firstly, five different ratios
between basal (BM) and osteogenic (OM) media (100:0,75:25,50:50,25:75,0:100) were used to determinate the ideal parameters to maintain
both tenogenic and osteogenic phenotypes. Pre-OBs expressed osteogenic markers (SPP1, RUNX2, ALPL) and clearly showed higher matrix
mineralization in the presence of higher osteogenic supplementation, while hTDCs seemed to decrease the expression of tenogenic markers.
Therefore, conditions 100:0, 50:50, 0:100 were chosen to continue in a direct contact co-culture system. Co-cultures exhibited enhanced
matrix mineralization along with ALP activity. Moreover, the expression of bone- and interface-relevant markers (ALPL, RUNX2, SPP1, ACAN and
COMP) was increased in the presence of osteogenic medium over time. At the protein level, aggrecan expression was detected only in cocultures. Altogether, these results provide new insights on the effect of osteogenic supplementation and cell-cell contact on the modulation of
cell phenotype toward establishing more complex 3D systems for enthesis tissue engineering.
Acknowledgements: TEAMING Grant agreement No 739572 - The Discoveries CTR and NORTE-01-0145-FEDER-000021; grants PD/
BD/128088/2016 (IC).
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Multi-domain Collagen-based Scaffold as Multi Cargo Delivery Vehicle for Tendon-to-Bone Interface Tissue
Engineering   
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Introduction
The enthesis is a specialised zonal tissue interface between tendon and bone, essential for adequate force transmission. After injury, the native
structure is often not re-established and a mechanically weaker fibrovascular scar tissue is formed1, which is the result of an excessive
inflammatory response, followed by increased cell proliferation and matrix deposition. Traditionally used monotherapies have often failed to be
effective, posing the need for multi-cargo sustained and localized delivery vehicles. We hypothesize that controlling the healing response by
targeting initial inflammation and later remodeling phases can enhance function regeneration of the enthesis.
Methods
In this approach, a multi-compartment collagen-based scaffold will be cross-linked to different extents in order to mimic the mechanical
properties of the different layers of native enthesis and enable the early release of infliximab, a Tumor Necrosis Factor inhibitor, to target the
inflammation response and platelet-derived growth factor-β (PDGF-BB) at later stages. Three-layer collagen scaffolds were fabricated with
porcine collagen type I, cross-linked with polyethylene glycol succinimidyl succinate (PEG-SS) and loaded with infliximab in the outer layers and
PDGF-BB internally. The scaffolds were characterised in terms of cross-linking efficiency, degradation, mechanical properties, biomolecule
release. Anti-inflammatory properties and tendon cell proliferation were investigated in vitro. Ultimately, loaded collagen scaffolds will be
transplanted in vivo patellar enthesis defect model in rats.
Results and discussion
Collagen type I scaffolds were successfully cross-linked with PEG-SS, were shown to be stable in collagenase over 48h and had a compression
modulus of approximately 50 kPa. Infliximab release over the first 48h was approximately 60%, whilst PDGF-BB had a slower release over 1
week (up to 80%). In vitro studies confirmed proliferation of tendon cells seeded on the scaffolds and reduced expression of pro-inflammatory
cytokines.
Conclusions
The multi-compartment collagen system may provide an appropriate environment to regenerate the enthesis defect by the synergistic effect of
an anti-inflammatory and a pro-healing biomolecule.
Acknowledgments
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The new combined therapy of PRP and b-FGF using gelatin hydrogel sheet for rotator cuff healing in rat models
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INTRODUCTION: Excellent outcomes of arthroscopic rotator cuff repair have been recently reported. However, retears have been a common
complication after surgical repair of large and massive rotator cuff tears and often occur in a postoperative early phase. It is important to
prevent the postoperative retears due to stimulate biological healing and provide initial fixation strength of the repaired rotator cuff. It was
previously reported that basic fibroblast growth factor (bFGF) and platelet rich plasma (PRP) was enhanced rotator cuff tear healing. The
purpose of this study was to evaluate the efficacy of the combined therapy using PRP and bFGF with gelatin hydrogel sheet (GHS). We
hypothesized that this combined therapy could enhanced rotator cuff healing after rotator cuff repair in a rat model. METHODS: To create a
rotator cuff defect, the infraspinatus tendon of Sprague-Dawley rat was resected from the greater tuberosity. Infraspinatus tendons were
repaired and covered with the GHS impregnated with PBS (control group), bFGF (bFGF group), PRP (PRP group), and both bFGF and PRP
(combined group). Histological examinations were conducted using hematoxylin eosin (HE), safranin O and immunofluorescence stainings.
Isolectin B4 staining was used to assess the regenerated capillaries, and type II collagen staining to assess fibrocartilage regeneration in the
bone-tendon junction. For mechanical analysis, ultimate failure load of the tendon-humeral head complex was evaluated at 6 weeks
postoperatively. RESULTS: At 2weeks, the tendon maturing scores using HE staining of combined group was statistically higher than the other
groups. In the safranin O staining, strong proteoglycan staining was observed at the repaired enthesis in combined group at postoperative 2
weeks compared with the other groups. At 2 weeks after surgery, vascular staining with isolectin B4 in combined group was significantly higher
than in the other groups. The ultimate failure load of combined group was significantly higher than the other groups. DISCUSSION: In combined
bFGF and PRP group, tendon maturing and fibrocartilage regeneration at the enthesis were promoted and mechanical strength was the highest
among 4 groups. It was suggested that bFGF and PRP could synergistically work and enhance both tendon and bone-tendon junction healing.
CONCLUSION: It was concluded that the combined therapy of PRP and bFGF using GHS could enhanced rotator cuff healing after rotator cuff
repair.
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Development and Characterization of a Synthetic Biodegradable Scaffold for Rotator Cuff Augmentation
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The rotator cuff injures are one of the most common shoulder disease. More than 300.000 surgeries/year are performed only in the USA1. The
main problem is the high percentage of recurrence (20-90%)2. For this reason, tissue engineering is applied to develop a scaffold for the rotator
cuff augmentation technique. The aim of the present work is to develop a novel scaffold made of L-lactide/ɛ-caprolactone copolymer (PLC) and
Polylactic Acid (PLA) that are biocompatible and biodegradable biomaterials in order to avoid using tendon grafts from patients or animals and
non-degradable scaffolds. The fabrication used to produce the scaffold were electrospraying and electrospinning techniques.
Internal structure and surface of scaffolds obtained were characterized using scanning electron microscopy (SEM). Mechanical properties were
evaluated performing tensile test with and without suture retention, at room temperature and at 37ºC. Human Fibroblasts (hFB) were used to
study the cell behavior on the scaffolds. Two conditions were studied, scaffolds with and without aligned PLA nanofibers on the surface. The
toxicity was evaluated performing a conditioned cell culture media assay at 24 hours, with live/dead staining. Cell proliferation was measured
by Alamar Blue test at 2, 5, 9 and 14 days. Total protein quantification was at 3, 7 and 14 days. Finally, cells morphology on scaffolds was
evaluated using SEM.
Young Modulus of 27’8 MPa was obtained at the tensile test of the scaffolds. For suture test, the Young Modulus were 39’1 MPa at room
temperature and 12’6 MPa at 37ºC. Lack of toxicity was observed at the conditioned media. The cell proliferation and total protein
quantification were significantly greater at the fiber condition. At fiber condition, cells were aligned following the electrospun nanofibers
orientation.
In conclusion, a novel synthetic degradable scaffold is produced for the rotator cuff augmentation technique, promoting cell protein production
and self-alignment. Moreover, the fabrication method developed is easily transfer to the industry.
The authors would like to thank RecerCaixa for founding, and also MINECO (MAT2015-62725-ERC and MAT2015-68906-R).
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2. Derwin KA, Badylak SF, Steinmann SP, Iannotti JP, Extracellular matrix scaffold devices for rotator cuff repair, J. Shoulder Elb. Surg, 19, 467476, 2010.
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A Multi-factorial Approach Towards Tenogenic Phenotype Maintenance
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Cellular therapies play an important role in tendon tissue engineering with tenocytes being described as the most prominent cell population if
available in large numbers. However, in vitro expansion of tenocytes in standard culture leads to phenotypic drift and cellular senescence.
Recent work suggests that maintenance of tenogenic phenotype in vitro can be achieved by recapitulating different aspects of the native
tendon millieu. One approach used to modulate the in vitro micro-environment and enhance extracellular matrix (ECM) deposition is
macromolecular crowding (MMC). MMC is based on the addition of inert macromolecules to the culture media to mimic the dense ECM. In
addition, as tendon has been described to be a relatively avascular and hypoxic tissue and low oxygen tension can stimulate collagen synthesis
and cross-linking through the activation of hypoxia-inducible factor 1-alpha (HIF1-α), we venture to assess the synergistic effect of MMC and
low oxygen tension on human tenocyte phenotype maintenance by enhancing synthesis and deposition of tissue-specific ECM.
SDS-PAGE and immunocytochemistry analysis demonstrated that human tenocytes treated with the optimal MMC concentration at 2 %
oxygen tension showed increased synthesis and deposition of collagen type I, which is the major component of tendon ECM. Moreover,
immunocytochemistry for the tendon-specific ECM proteins collagen type III, V, VI and fibronectin illustrated enhanced deposition when cells
were treated with MMC at 2 % oxygen tension. In addition, western blot analysis revealed increased expression of tendon-specific protein
Scleraxis, while a detailed gene analysis illustrated upregulation of tendon-specific genes and downregulation of osteo-, chondro- and adipose
genes again when cells cultured with MMC under hypoxic conditions. Finally, low oxygen tension and MMC did not affect the metabolic
activity, proliferation and viability of human tenocytes. Collectively, results suggest that the synergistic effect of MMC and low oxygen tension
can accelerate the formation of ECM-rich substitutes, which stimulate tenogenic phenotype maintenance. Currently, the addition of substrate
aligned topography together with MMC and hypoxia is being investigated in this multi-factorial study for the development of an implantable
device for cell-based tendon regeneration.
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The effect and mechanism of curcumin on tendon stem/progenitor cells in the pathological microenvironment of
tendinopathy
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Achilles tendon injury is a common condition and usually leads to calcification, which is an important feature of the degenerative tendinopathy,
followed by pain and tendon rupture. Previously we had shown that in situ tissue specific stem/progenitor cells underwent osteogenesis in
diseased human soft tissues under the inflammatory condition. We hypothesized here that curcumin, an anti-inflammatory agent, would
prevent pathological calcification and enhance Achilles endogenous regeneration.
Tendon stem/progenitor cells (TSPCs) were isolated from mouse and treated with Interleukin (IL)-1βto mimic the post-traumatic inflammatory
niche in vitro, and the curcumin, was added to the culture medium, as well as osteogenic induction medium to mimic the pathological
calcification process. Curcumin downregulated catabolic factors and calcification related genes, and rescued the tenogenesis gene expression
of TSPCs under the influence of IL-1β in vitro. For in vivo evaluation, we adopt a rapid induced tendinopathy model by injecting collagenase to
rat Achilles. Chitosan microsphere encapsulated curcumin effectively alleviates the tendon calcification in the tendinopathy model. The
mechanism behind of these functions is closely related to the role of curcumin in adjusting the level of histone acetylation (HDAC). TSPCs
would gradually lose the capability of tenogenesis, when cultured in vitro, companied with upregulation of HDAC which could be reserved by
curcumin. The HDAC inhibitors could maintain tendon stem/progenitor cells phenotype in vitro and alleviate tendinopathy in vivo. Hence, it was
demonstrated that curcumin can influence behavior of TSPCs in the pathological microenvironment of tendinopathy via epigenetic regulation.
Our study demonstrated that curcumin could regulate the fate specification of TSPCs in pathological environment by eliminating inflammation
and together with chitosan microspheres, contributed to the regeneration of tendon tissue. Specifically, curcumin helped tendon regeneration
and reduce the ectopic calcification through promoting the tenogenesis and inhibiting the osteogenesis of TSPCs under the inflammatory
condition. Curcumin is useful for phenotype maintenance of TSPCs through inhibition of HDAC in TSPCs. Together; these findings suggest an
endogenous stem cells-based strategy for tendon repair and proposal microspheres as an excellent delivery system for tendon injury clinical
application.
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Biophysical Cues for Modulation of Tenogenic Phenotype
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Current cell-based tissue engineering strategies have limited clinical applicability due to the need for large cell numbers and prolonged culture
periods that lead to phenotypic drift and cell senescence. In vitro microenvironmental modulators have been proposed to mimic the native
tendon and induce tenogenic trans-differentiation / differentiation. Standard in vitro culture conditions result in delayed extracellular matrix
(ECM) deposition, impairing the development of scaffold-free approaches. ECM deposition can be enhanced by macromolecular crowding
(MMC), a biophysical phenomenon that governs the milieu of multicellular organisms. We assessed a multifactorial biophysical approach, using
MMC and mechanical loading, on different cell sources to determine their suitability for in vitro fabrication of tendon-like tissue.
Human dermal fibroblasts (DFs), tenocytes (TCs) and bone marrow mesenchymal stem cells (BMSCs) were cultured with carrageenan (MMC)
under static and dynamic culture conditions. Cyclic uniaxial strain was applied (MechanoCulture FX, CellScale) at 1 Hz and 10% strain. Cell
morphology and ECM composition were assessed using fluorescence microscopy. Cell phenotype (tenogenic, chondrogenic, osteogenic
lineages) was also assessed.
TCs and DFs exhibited alignment perpendicular to the load, whilst BMSCs did not show preferential alignment. When MMC was used, DFs and
BMSCs showed increased deposition of collagen I, the main component in tendon ECM, while TCs only presented deposition when loading
was combined with MMC. DFs presented ECM composition similar to TCs with collagen types III, V and VI present, while BMSCs also
deposited collagen type IV. Gene expression analysis revealed upregulation of tenogenic markers by TCs and DFs, such as scleraxis and
thrombospondin-4, under both loading and MMC, while BMSCs displayed upregulation of collagen type X.
The combined use of MMC and mechanical stimulation is suitable for TCs phenotype maintenance and can modulate the phenotype of DFs
and BMSCs differentially. It facilitated the fabrication of rich in ECM aligned cell sheets of TCs and DFs. This study provides insight into
response of different cell sources to biophysical cues and contributes to further development of cell therapies for tendon repair and
regeneration.
Acknowledgments
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Tendons and tendon interfaces are characterized by a very poor regenerative capacity and injuries remain clinically challenging. By
investigating the developmental programs driving tendon tissue formation and the mechanisms contributing to the senescence of tendons,
potentially novel targets for clinical intervention can be revealed.In a previous study we showed that the age-related decrease of SPARC in
tendons modulates the cell-ECM interaction of tendon-resident stem and progenitor cells and together with a change in ECM properties
potentially favors adipocyte differentiation. We now provide evidence that SPARC is involved in the temporal and spatial fine tuning of Achilles
tendon enthesis and myotendinous junction development. Postnatal development of the secondary ossification center as well as the
development of the 4 characteristic zones of the Achilles tendon enthesis was significantly delayed in the Sparc-/- animals, resulting in a
biomechanically inferior tendon-to-bone insertion site. Further, tendon insertion length at the muscle-to-tendon interface was significantly
shorter and characterized by fatty infiltrations. In vivo, forced treadmill training revealed a higher prevalence of spontaneous tendon ruptures
occurring at tissue interfaces in SPARC-/- mice. Interestingly, Achilles tendon volume was also smaller in trained SPARC-/- animals when
compared to WT controls. To explore the signaling pathways underlying these changes, we made use of an in vitro 3D uni-axial tension
platform to apply mechanical load to tendon-derived stem cell sheets. Loading resulted in a significant increase in AKT phosphorylation (T308)
for both WT and SPARC-deficient cells, however downstream phosphorylation of p70S6K (T389) and type I collagen synthesis were only
impaired in SPARC-/- constructs, which could be rescued by the addition of recombinant SPARC protein. We also demonstrate a significantly
altered expression of the S6K downstream target PTHrP in SPARC-/- mice, most likely underlying the impaired development of a mature
fibrochondrogenic region in the Achilles tendon enthesis. Finally, a higher prevalence of a missense SNP in the SPARC gene was identified in
patients who suffered from a rotator cuff tear, underscoring the clinical relevance of our findings. In summary, we provide evidence that SPARC
is essential for mechanotransduction via the AKT/mTOR/S6K axis, driving the development and maturation of fibrocartilaginous entheses.
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Regeneration of decellularised porcine tendon using human mesenchymal stem cells and uniaxial tensile strain
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Surgical replacement of torn anterior cruciate ligaments using autologous tendon, allograft or synthetic grafts has limitations. We have
developed a decellularised porcine patellar tendon (PTT) graft using low concentration SDS (0.1% w/v) plus proteinase inhibitors which is
devoid of cell nuclei, retains only 0.4% native DNA content, retains collagens 1 and 3, but shows a loss of tenascin C. Here, we investigated the
regenerative capacity of the scaffold using human MSC and uniaxial tensile strain. Method: PTTs (n=20) were decellularised using an
established method [1]. Scaffolds (20x5x0.6-0.8 mm3) seeded with 1x105 human MSCs per cm2, incubated in a “TenCell” bioreactor for 7 days,
subjected to 0 (static), 4, 6 and 8% uniaxial cyclic tensile strain (n=6) at 1 Hz. These were compared to a group of seeded scaffolds at day 0
using ATPLite assay, RT-PCR analysis for tenogenic, chondrogenic and osteogenic gene expression, histology and immunohistochemistry (IHC).
Results: Seeded scaffolds subject to strain showed alignment of the MSC along the collagen fibrils, increased collagen crimping (H&E), and
expression of tenascin C (IHC) compared to static controls. They showed no expression of PPAR γ , collagen 2, Sox9 or osteopontin. Seeded
scaffolds subject to 6% cyclic tensile strain expressed scleraxis. ATP counts of cells in samples subject to 4, 6 and 8% strain were significantly
higher than their static controls by 4.7 fold, 9.15 fold and 3.79 fold respectively. Conclusion: Human MSCs seeded on decellularised PTT
showed tenogenesis and scaffold remodeling into tendon-like tissue when incubated with 6% uniaxial cyclic tensile strain at 1Hz for 7 days.
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Lack of vascularization is a major limitation for bone tissue engineered (BTE) constructs to become clinically successful. Besides nutrient supply
and waste removal through vascular networks (VNWs), endothelial cells (ECs) interact with bone cells and guide bone development.
Mesenchymal stem cells (MSCs) in turn have been demonstrated to promote the formation of vessel-like structures. Achieving BTE constructs
containing 3D VNWs is a complex challenge. We co-cultured bone marrow derived MSCs (BMSCs) and adipose derived MSCs (ASCs),
respectively, to induce vasculogenesis in a co-culture with ECs on 3D porous scaffolds. This study investigates whether both BMSCs and ASCs
can be differentiated along the osteogenic lineage and form a 3D tissue engineered bone construct while maintaining a VNW in vitro.
Porous silk fibroin scaffolds were seeded with human BMSCs or ASCs and GFP-labeled human umbilical vein ECs. Constructs were cultured in
endothelial growth medium for 2 weeks followed by osteogenic medium for 2 weeks. VNW formation was analyzed using fluorescence
microscopy. Bone tissue formation was analyzed by micro-computed tomography (µCT) and histological stainings.
VNW formation by ECs began after 7 days in EGM-2 medium in co-cultures with both ASCs and BMSCs. Vessel-like structures spanning the
pores with a branched morphology were formed after 14 days and grew in between the surrounding MSCs. VNW branches in co-cultures with
ASCs (2909 ± 2055 µm) were not significantly longer than with MSCs (1553 ± 700 µm). Mono-cultures of ECs failed to produce a VNW. µCT
imaging demonstrated mineral deposition in both co-cultures after only 2 weeks in osteogenic medium. Histological analysis showed higher
deposition of bone ECM in co-cultures than in mono-cultures of ASCs and BMSCs. VNW were still present after culture in osteogenic medium
as confirmed by fluorescence microscopy.
Our findings underline the importance of 3D synergistic cell-cell interactions in the regulation of MSC and EC behavior, suggesting that
heterocellular constructs may be beneficial for bone repair. MSCs in osteogenic medium were able to stabilize the VNW even without the
addition of growth factors. This prevascularized bone tissue model sets the ground for studies coupling blood vessel formation with
osteogenesis using either ASCs or BMSCs as a cell source in a 3D setting and advances BTE constructs to recapitulate human physiology more
closely.
Acknowledgements
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Complete decongestive therapy of lymphedema often does not achieve satisfactory results. Since the first description of the Charles procedure
1912, a lot of efforts have been made to improve the surgical therapy of lymphedema. In the last years, lymphatic vessel transplantation,
lymphatic venous anastomoses and lymph node transplantation from an unharmed area of the body are increasingly performed in
microsurgical centers. However, all these techniques require harvesting of healthy tissue often leading to donor site morbidities. Tissue
engineering of lymphatic vasculature could possibly be the therapeutic concept of the future overcoming the disadvantages of current
therapies. The present study addresses the interaction between mesenchymal stem cells (MSC) and lymphatic endothelial cells (LEC). Human
LEC were stimulated with human MSC conditioned medium (CM) or by co-cultivation with MSC. For tissue engineering of lymphatic vasculature
LEC alone and in combination with MSC were implanted in the rat arteriovenous (AV) loop model for up to 4 weeks. As cell carrier matrix, a
variety of hydrogels were analyzed in vitro. LEC were reliably stimulated by MSC CM in all conducted in vitro assays. Proliferation and migration
of LEC could be stimulated to a higher extent than by recombinant, lymphangiogenic growth factors like VEGF-C and bFGF. The formation of
lymphatic vasculature in the AV loop chamber was detected by IHC for podoplanin and LYVE1. Co-Implantation of LEC and MSC resulted in the
increased growth of human CD31+ lymphatic vessel-like structures. By establishing novel alginate/protein blends as matrix for AV loop
constructs, we hope to increase the maximum implantation time to be able to grow more mature and developed lymphatic networks. The
stem cell driven pro-lymphangiogenic activity provide the basis for the AV Loop experiments. The AV loop model is an efficient approach for
engineering artificial vascularized tissue in an in vivo system. By co-implantation of LEC and MSC we were able, to establish a network of
lymphatic vasculature in the AV loop model of the rat. These results provide the foundation for the development of novel therapeutic strategies
for the treatment of lymphedema. In the future, lymphatic vasculature could be grown in an AV loop of the patient itself and safely
transplanted to the lymphedematous side. This hopefully could greatly reduce the occurrence of harvesting morbidities and improve the
surgical treatment of lymphedema.
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Functionalised scaffolds for promoting angiogenesis and bone regeneration:  Two potent alternatives to the use of
VEGF  
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BACKGROUND: Ensuring rapid neovascularisation following implantation of tissue-engineered (TE) constructs is recognised to be a major
barrier to be overcome for translation of tissue engineered constructs to the clinic. Thus, the development of tissue engineered scaffolds that
support cells and, critically, promote angiogenesis is an important and promising approach to accelerate vascular ingrowth after implantation.
Tissue neovascularisation is essential for successful fracture healing and it controls ossification during fracture repair. With respect to proangiogenic agents, vascular endothelial growth factor (VEGF) plays a pivotal role in angiogenesis but VEGF is also unstable, expensive and the
use of VEGF can result in leaky immature vessels in vivo. In contrast, we have recently identified two stable, inexpensive and potent stimulators
of angiogenesis which would be ideal to translate to the clinic – estradiol (E2) and to 2-deoxy-D-ribose (2dDR).
AIM: The aim of this study is to develop E2 and 2dDR releasing biodegradable scaffolds and assess their potency for promoting angiogenesis
and stimulating bone regeneration in vitro and in vivo. The hypothesis we explored was that proangiogenic scaffolds wrapped around bone will
drive bone regeneration.
EXPERIMENTAL: We first assessed the angiogenic potency of 2dDR and E2 versus VEGF in an ex-ovo chick chorioallantoic membrane (CAM)
assay and found both to be approximately 80% as potent as VEGF in stimulating new blood vessels. 2dDR and E2 were electrospun into PHBV
fibres without adversely affecting the appearance of the scaffolds. Inclusion of both agents modestly increased scaffold strength. There was a
sustained release of both agents over 30 days from these scaffolds. Assessment of their proangiogenic activity using the ex-ovo CAM assay
showed 2dDR and E2 to be effective at stimulating neovascularisation over 7 days. We established an organotypic bone defect repair model
using a drill defect in chick femurs in which femurs were cultured and micro CT used to quantify bone repair after 10 days culture. The proangiogenic membranes serve as functionalised “wraps” to act as pericardium substitutes to wrap around bone.
CONCLUSION: We have shown for the first time, the gradual release of E2 and 2dDR from fibres, with a resultant stimulation of angiogenesis
in the ex-ovo CAM assay. These biomaterials will now be assessed for their potential to promote angiogenesis and bone healing in vivo.

a90045

02-P330

Tissue Engineering Scaffold Formulations based on Gelatin, Crosslinkable Hyaluronic Acid Derivatives and Chain
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Wound healing is a complex process with many factors that can delay healing. Pro-angiogenic and anti-bacterial effects are both desirable for
fast wound healing process after the implantation of a biomaterial into the body as complications such as infections, bad integration and
chronic inflammation are common problems. Utilization of short chain length polypeptides and modified natural polymers provides a strong
means to design 3D biomaterial architectures with controlled physicochemical properties and also desired multiple biological activities. There
is an urgent need for multifunctional formulations that can address biomaterial related complications simultaneously in a manner similar to the
structures of extracellular matrix. In this study, we developed substrates composed of ECM components (gelatin, HA) and synthetic peptides
where interactions between the coating components induced by modification of one component Hyaluronic acid with pendant aldehyde
groups (HA-Ald) creates an environment that enables incorporation of an antimicrobial/angiogenic peptide sequence (chain length controlled
polyarginine (PAR) through transient interactions.1 Gelatin and an HA-Ald can interact via formation of a covalent imine bond –CH=N- between
aldehyde moieties of HA and amino groups of gelatin.2
The designed composite system gives distinct biological activities while addition of hyaluronic acid component with a pendant aldehyde group
enables a transient interaction with the other two components of the system (gelatin and PAR). Such multifunctional structure can provide a
superior interface between implanted biomaterials and host tissues without the necessary trade-offs with the currently available systems.
Nanoplasmon measurements demonstrated a significantly higher loading of PAR in structures containing HA-Ald with longer retention of PAR in
the structure. The presence of PAR not only rendered the film a contact-killing surface for bacteria3,4 but also made it pro-angiogenic as
demonstrated by increased cell-cell contacts and VEGF gene expression and secretion by Human vascular endothelial cells. Thismultifunctional
formulation can be used for tissue engineering scaffold development where it can enact on several problems simultaneously.
1.Knopf-Marques, H., et al. ACS Omega.2, 918, 2017.
2.Knopf-Marques, H. et al. Biomacromolecules.17, 2189, 2016.
3.Mutschler, A. et al. Chemistry of Materials.29, 3195, 2017.
4.Mutschler, A. et al. Chemistry of Materials.28, 8700, 2016.
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3D in vitro Endothelial Cell and Pericyte Co-Culture Model for Visualization and Quantification of Angiogenesis
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Angiogenesis, which refers to the development of new blood vessels from already existing vessels, is attracting attention as a promising
therapeutic target to regenerate the tissue environment through its promotion in ischemic cardiovascular diseases. Angiogenesis is a complex
multistep process, which starts with detachment of the pericytes (PCs) that surround the innermost endothelial cell (EC) layer and break down
of the basement membrane (BM). ECs respond to the angiogenic stimulus by formation of new blood vessels in the form of sprouts, and the
sprouts become mature by attachment of the PCs and synthesis of the new BM. Although PCs are considered as crucial in angiogenesis due to
their effect on vessel stabilization and maturation, the mechanisms involved are still unclear. Since PCs do not possess single specific marker
and their identification is difficult, in vitro models are needed to clarify how ECs interact with PCs. However, most of the in vitro models
involving ECs an PCs demonstrate only one element of the whole angiogenic process and none were able to demonstrate the emergence of
sprouts from the pre-existing parent vessel. In this study, we constructed a 3D in vitro microvessel model which involves both ECs and PCs
using a microfluidic device and demonstrated the appearance of sprouts from the pre-existing vessel. We first compared the changes in the
parent vessel and sprouts between EC mono-culture and EC-PC co-culture vessels and found that presence of PCs prevented parent vessel
expansion and enhanced sprout formation and elongation. To investigate how PCs interacted with ECs physically to give rise to these
differences, we visualized EC and PC interactions by immunohistochemistry and found that PCs were covering the EC layer from the collagen
side in both parent vessel and sprouts after culturing with additional VEGF. In addition, quantitative assessment of the sprout characteristics
was carried out in 3D using optical coherence tomography (OCT) system and it was found that the formed sprouts were not only longer but
also slightly tighter in EC-PC co-culture vessels. These results indicated that incorporation of PCs prevented expansion of the parent vessel and
enhanced elongation and formation of the sprouts, possibly by mechanically supporting the structure.
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hVE-cadherin fusion protein enhancing vascularization of hyaluronic hydrogel
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Lack of proper vascularization is a major challenge in tissue engineering. Various approaches including cell-based and biomolecules-releasing
scaffold strategies have been used to build vascular network in a tissue engineering. Hyaluronic acid (HA) as one of the major components of
glycosaminoglycans has been most extensively studied. There are many reports showing that proper cellular activities of HA hydrogels were
obtained only after modification with peptide or ECM materials, such as RGD and/or MMP-sensitive peptide, fibronectin fragment. Thus, HA
hydrogel alone was not enough to provide sufficient cellular activities for stem cells, requiring further modification of cell adhesive ligand and
degradation site to HA hydrogels. In our study, the fusion protein consisting of human VE-cadherin extracellular domain and the
immunoglobulin G Fc region (hVE-cad-Fc) were biosynthesized and used as endothelial-specific adhesion biomimicking. The hVE-cad-Fc matrix
markedly improved the HUVECs adhesion, proliferation, migration and differentiate functions by activating endogenous VE-cadherin/β-catenin
proteins and triggering the intracellular signals such as F-actin stress fiber, p-FAK, AKT and Bcl-2. Furthermore, the hVE-cad-Fc and RGD cofunctionalized HA hydrogel was designed, and the studies in vitro and in vivo showed that the functionalized hydrogel effectively promoted
hMSC differentiation into vascular endothelial cells with up-regulated the gene and protein expressions of VEGFR2, CD31 and eNOS and the
phagocytosis of LDL, and then markedly enhanced the rapid neovascularization of the hydrogel. The hVE-cad-Fc and RGD co-functionalized HA
hydrogel can be a promising scaffolds for tissue engineering.
References:
1. Ke Xu, Qizhi Shuai, Xiaoning Li, Yan Zhang, Chao Gao, Lei Cao, Feifei Hu, Toshihiro Akaike, Jianxi Wang, Zhaongwei Gu, Jun Yang.
Biomacromolecules 17,756,2016.
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Vascularized Tissue Blocks Using a Suspension 3D Printed Spheroid Blood Vessel
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In order for engineered tissue grafts and eventually organs to successfully integrate in a clinical setting, a functional vascular network is
imperative. Without vasculature, the tissue constructs cannot receive nutrients essential for their survival, but also lack the stimuli that
determine the tissue’s biophysical properties i.e. cell fate determination, cell to cell junctions, and cell orientation. In order for the vascular
network to functionally connect to the patient, a hierarchical organization, resembling the vascular tree, is important. From previous studies it is
known that fluid flow is a crucial component in controlling the formation of the vascular tree, and that the organization of the vascular
network can be further controlled using gradients of angiogenic growth factors such as VEGF.
By utilizing spheroid bioprinting within a microgel suspension, an artificial vessel structure was assembled. The deposited spheroids
maintained viability and fused over time into perfusable vessels.The subsequent formation of small-diameter vascular structures and capillaries
was regulated by an on-demand flow through the bioprinted vessel, resulting in controllable fluid flow shear stresses. Furthermore, VEGF was
spatially patterned in the tissue block by locally doping the suspension with growth factor releasing microparticles. By varying both these
stimuli, the location of vascular sprout formation and subsequent growth of the new vascular structures could be influenced.
This spheroid 3D bioprinting platform offers a dynamic, customizable and accurate method to trigger and control the process of angiogenesis
in vitro. By stimulating an artificial blood vessel with controlled fluid flow and growth factor gradients, a vascular complex vascular network can
be produced and modulated. The combination of this approach with a gradual replacement of the microgel suspension with cells, can pave the
way for the production of vascularized tissue blocks.
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Perlecan promotes enhanced vascularisation on implanted biomaterials  
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Biomaterials and bioengineered tissues offer a promising solution for the replacement and regeneration of tissues damaged through injury or
disease, but their clinical utility has been hampered by the lack of sufficient and timely vascularization.
Regenerated silk is a pure biocompatible, biodegradable protein purified from silk worm cocoons that can be engineered into an
unprecedented range of material formats with robust, tunable mechanical properties. However, B. mori silk has no inherent cell-interactive
properties and often requires biofunctionalization to achieve appropriate mammalian biological responses in vitro and in vivo.
The goal of this project is to exploit the biological properties of perlecan (PN), a major extracellular matrix proteoglycan involved in vascular
development and homeostasis, to engineer novel silk based biomaterials that mimic the vascular niche and thus promote enhanced
vascularization.
3D porous silk scaffolds were functionalized with either endothelial cell-derived PN or a recombinant C-terminal region (Leu3626 to Ser4391),
which contains domain V (DV). Silk biomaterial integration and vascularization was examined by subcutaneous implantation in mice. MRI
imaging following contrast agent injection via a tail-vein catheter demonstrated the perfusion of the contrast agents into the scaffolds,
indicating the presence of functional, perfused vasculature in the scaffolds. Light sheet imaging following lectin perfusion further confirmed
vascular infiltration. Finally, histological examination of explanted scaffolds demonstrated cell infiltration to promote scaffold integration with
the surrounding tissue. Scaffold functionalization with either PN or DV resulted in an increased number of perfused vessels per unit area
compared to silk alone.
Taken together, this study suggests that PN/DV functionalized silk scaffolds present new, promising bioactive biomaterials for use in tissue
engineering and in regenerative medicine.
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Stem/stromal cells assembled into aggregates may present enhanced regeneration potential in cell therapies (CT), as compared to dissociated
cells. Additionally, the co-incorporation of endothelial cells in stem/stromal cells spheroids may improve their vascular integration and
engraftment. Still, the majority of growth media used in CT approaches contain animal-origin components, which may compromise clinical
safety and present other drawbacks. We previously showed that a novel xeno-free (XF) industrial supplement for cell culture (SCC), derived
from well-controlled pooled human plasma and processed under GMP rules, supported the generation of functional mesenchymal stem cellsoutgrowth endothelial cells (MSC-OEC) spheroids (1). In this study, we used a high-throughput methodology together with SCC supplemented
media to further improve the potential of XF spheroids for therapeutic applications, using as mural cells MSC or neonatal human dermal
fibroblasts. Distinctive patterns of OEC organization within spheroids were obtained by varying the ratio of mural-to-endothelial cells. At 1:1
ratio, intermixed OEC segregated to form a continuous outer layer of elongated cells at the spheroid surface, which showed ability to sprout
and form tubular-like structures when spheroids were embedded in fibrin gel. Some OEC clusters were formed at the core, but these eventually
became apoptotic. By increasing the relative amount of mural cells it was possible to stimulate the formation of OEC clusters, which begin to
sprout, leading to formation of vascular-like networks within spheroids. These spheroids showed improved sprouting potential in fibrin assay.
Since abundant amounts of endogenous ECM were produced within spheroids, promoting cell-cell and cell-matrix interactions, which are
expected to promote cell survival and function upon transplantation, while improving cell retention at the lesion site. In summary, this study
shades some light on the angiogenic potential of clinically relevant cells assembled into pre-vascularized spheroids, using XF medium, which
may provide a promising CT approach.
REF: 1. Bauman E et al. Sci Rep. 8, 230, 2018
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Today, in vitro vessel network systems frequently serve as models for investigating cellular and functional mechanisms underlying angiogenesis
and vasculogenesis. Understanding the cues triggering the observed cell migration, organization, and differentiation, as well as the time frame of
these processes, can improve the design of engineered microvasculature. Here, we present first evidence of the migration of endothelial cells
into the depths of the scaffold, where they formed blood vessels surrounded by extracellular matrix and supporting cells. The supporting cells
presented localization-dependent phenotypes, where cells adjacent to blood vessels displayed a more mature phenotype, with smooth muscle
cell characteristics, whereas cells on the scaffold surface showed a pericyte-like phenotype. Yes-associated protein (YAP), a transcription
activator of genes involved in cell proliferation and tissue growth, displayed spatially dependent expression, with cells on the surface showing
more nuclear YAP than cells situated deeper within the scaffold.

458

a92627

02-P337
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The concept of bone tissue engineering including the combination of stem cells, scaffold materials and differentiation stimuli represents an
innovative, cell-based strategy for the treatment of critical size bone defects. Actually, the therapy of extended bone defects with
biodegradable implants is critical because a sufficient supply with nutrients and oxygen during the initial phase after implantation is inhibited by
a lack of vascularization. Within this project a fully tissue-engineered vascularized bone implant consisting of a hard tissue (β-TCP scaffold) and
an artificial vascular component was evaluated in vitro and in vivo concerning vascularization and bone regeneration of critical size defects.
As a first step the construct has been successfully tested in a bioreactor experiment in vitro where we could show pre-vascularization of the β
-TCP scaffold originating from the artificial vessel as verified by CD31 staining. For the in vivo study 16 minipigs were randomized in 2 groups
receiving β-TCP scaffolds (Ø 18 mm, length 25 mm) with (group 1) and without (group 2) central artificial vessel. One week before surgery β
-TCP scaffolds were seeded with autologous mesenchymal stromal cells while the artificial fibrin-based vessels were generated using
autologous endothelial progenitor and smooth muscle cells. The surgery including segmental tibia osteotomy with subsequent LCPosteosynthesis and β-TCP scaffold implantation with/without vascular anastomosis was realized in general anesthesia. CT-angiography was
performed 1 and 6 months after operation to verify vascular supply. Histological and µCT analysis were carried out post mortem to assess
bone regeneration and vascularization.
The composite construct consisting of a β-TCP scaffold with central artificial vessel has been successfully implanted in a critical-size segmental
tibia defect in minipigs. Histological and CT analysis revealed new bone formation and vascularization. By using a pre-vascularized bone implant
an improved localized bone regeneration could be achieved.

a91974

02-P338

Effect of Sleep-Promotion in a Mixture of Rice bran and Neungee Mushroom (Sarcodon aspratus )  
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GABA, a neurotransmitter that has a profound effect on sleep, is contained in large amounts in rice bran. GABA has been reported to have a
nervous stabilizing effect such as stress-reduction and antidepressant. Sarcodon aspratus is widely known for its preventive and therapeutic
properties. β-glucan, a useful component of the mushroom, has been reported to reduce tiredness and improve mental problems by
controlling the weakened immune system. Our study was aimed to investigate the optimal ingredients via the mixture ratio of Rice bran and
Sarcodon aspratus. Also, this study was conducted to investigate the effects of extracts for a sleep-inductive compound. The mixture ratio
condition of rice bran and Sarcodon aspratus was respectively 7:3, 5:5 and 3:7. GABA was analyzed by colorimetric method and β-glucan was
analyzed by β-glucan kit. Thereafter, the absorbance was measured to evaluate toxicity by WST-1 array. Melatonin and serotonin, sleeprelated hormones, were measured to evaluate sleep-inductive effect in mice. The contents of β-glucan and GABA were highest at the mixture
ratio of 7:3 in the rice bran and Sarcodon aspratus. Both serotonin and melatonin values were 1.3 times higher in the 7:3 extracts than in the
control. Finally, all samples showed at least 105% cell activation compared to control. As a result, the optimum ratio of β-glucan is 7:3 at rice
bran and Sarcodon aspratus. This study suggested that the optimal mixture ratio of rice bran and Sarcodon aspratus could be used as a health
supplement foods and medicines to improve the sleep disorder.
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Study of different poly( ε -caprolactone) prototypes for anterior cruciate ligament reconstruction in rat model
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Injuries of knee anterior cruciate ligament (ACL) frequently happen during high demand sports such as ski, football, basketball etc. Its incidence
is currently estimated at 1 out of 3 thousand inhabitants per year in Europe. Until now, the gold standard for surgical reconstruction remains
autograft. Nevertheless, side effects as morbidity of autologous tissues, weak anchorage and recurrent pains of the patients led to artificial
ligament solutions. Many studies are conducted with the purpose of finding a material and design exhibiting similar mechanical properties than
the native ACL and being well-integrated in the body avoiding adverse reactions [1]. Last generation of bioactive PET ligament prostheses
showed interesting results in vitro and in vivo [2, 3]. More recent researches focused on the development of biodegradable structures that
could be functionalized to enhance host integration [4, 5]. After good biomechanics and in vitro results onto poly(sodium styrene sulfonate)grafted poly( ε -caprolactone) (PCL) fibers bundles, this work describes the elaboration of different PCL prototypes for the ACL rat replacement
in order to found the best design for further in vivo assays. After one-month implantation, preliminary results demonstrated the feasibility to
implant a bioactive synthetic ligament in the rat model without any inflammation and with a good tissue anchoring.
REFERENCES
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2. Vaquette C. et al., Biomaterials. 34(29):7048-63, 2013
3. Viateau V. et al., Arthroscopy. 29(6):1079-88, 2013
4. Mengsteab et al., Regen Med. 11(8):871-881, 2016
5. Rohman G. et al., J Mater Sci: Mater Med. 26:206-15, 2015
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Recent description of progenitor/stem cells in cartilaginous endplates of degenerated intervertebral discs (IVDs), raised the possibility of
harnessing their regenerative capacity for IVD endogenous repair. To develop such strategy, it is crucial to recruit and mobilize these resident
stem cells toward the inner parts of the IVD (nucleus pulposus (NP)) followed by their differentiation into NP-like cells. Specific chemokines
(CXCL12 or CCL5), known to modulate the recruitment and mobilization of stem cells, and growth factors allowing their in vitro
nucleopulpogenic differentiation (TGF-β1 and GDF5) are promising candidates, but these molecules exhibit a very short half-life. In this
context, the aim of this work was to develop an intradiscal polysaccharide microbeads-based delivery system for the sequential release of
chemokines and nucleopulpogenic factors. This delivery system would sequentially contribute to 1) the recruitment and mobilization of
resident progenitors (CXCL12 or CCL5), 2) the differentiation of the mobilized progenitors (TGF- β1 and GDF5), and 3) the subsequent
regeneration of NP.
For chemotaxis assays, hMSCs were cultured on transwells for 4h, with or without CXCL12 or CCL5, and migratory cells were stained then
quantified by spectrophotometry. Cell migration was improved in the presence of each chemokine with a 1.8 (CXCL12) and 2.4 (CCL5) fold
increase respectively, as compared to untreated cells. In parallel, pullulan microbeads (PMBs) (100µm) were prepared by a simultaneous
crosslinking protocol coupled to a water-in-oil emulsification process. Freeze-dried PMBs (20mg) were incubated for 24h with CXCL12, CCL5,
TGF-β1 and GDF5 (1, 2 and 4 µg/mL) at 4 °C. Release assays were performed at 37 °C for 21 days and supernatant concentrations were
measured by ELISA. All factors were successfully adsorbed on PMBs and a burst release within the 1st day was observed. At day 7, 30% of the
chemokine CXCL12 was released and at day 21, both growth factors were released (20% and 100% for TGF-β1 and GDF5, respectively).
We have confirmed that CXCL12 and CCL5 improved in vitro hMSCs migration, and that PMBs are suitable micro-carriers for the controlled
loading and release of these different factors. The bioactivities of released chemokines and growth factors will be respectively analyzed using
an ex vivo organ culture model of IVD and an in vitro nucleopulpogenic differentiation assay using a 3D matrix model mimicking the NP
microenvironment.
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Combined Effect of NELL-1 and Ultra-low Dose of BMP-2 on Mesenchymal Stem Cell Osteogenic Differentiation
and Angiogenesis

Ling Liu1，Raymond Wing Moon Lam1，Ming Wang1，Mathanapriya Naidu1，Xiafei Ren1，James Cho Hong Goh3，Kang Ting4,5，Chia Soo6，Hee-Kit Wong1,2
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Los Angeles，5Section of Orthodontics, School of Dentistry, University of California Los Angeles，6Department of Orthopaedic Surgery, University of California Los Angeles
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NELL-1 is a novel osteoinductive growth factor associated with human craniosynostosis. Its ability to facilitate bone regeneration has been
reported in several animal models. Compared to BMP-2, the most studied osteoinductive growth factor, NELL-1 could have fewer side-effects as
its osteoinductivity is limited to osteochondral cells and stem cells. However, the role of NELL-1 in bone regeneration, including
osteoprogenitor cells migration, proliferation, angiogenesis and osteogenic differentiation is not clearly defined. Moreover, direct comparison
studies of the effectiveness of bone regeneration between NELL-1 and BMP-2 are limited.
In this study, we directly compared NELL-1 and BMP-2 for a better understanding of the underlying mechanism of bone regeneration on a
cellular level. Cell proliferation was examined by MTT assay. Cell migration was analyzed on a 3D chemotaxis chip. Angiogenesis was
conducted on endothelial cells using tube formation assay. Osteogenic differentiation was performed on mesenchymal stem cells (MSCs)
through 14 days culture, and calcium deposits were visualized by alizarin red staining.
NELL-1 neither stimulated MSCs proliferation from 0.001 to 5µg/mL, nor induced MSCs migration from 1 to 25µg/mL. NELL-1 increased MSCs
osteogenic differentiation, showing more than 4-fold increase of alizarin red stained area with the highest dose. The total number of nodes
formed in the tube formation assay increased in NELL-1 treatment, showing approximately a 4-fold change compared with blank control. BMP-2
showed significant effectiveness in all the four experiments. Of note, we observed a combined effect between NELL-1 and ultra-low dose BMP2 on osteogenic differentiation. The results confirmed that NELL-1 mainly functions on the late stage of osteoprogenitor cell differentiation, but
does not have much effect on the early stage.
To accelerate bone regeneration and to avoid the side effects associated with the use of regular but supraphysiologic doses of BMP-2, the
combination of NELL-1 and ultra-low dose of BMP-2 might be a potential therapeutic strategy in clinic. Enhancement of angiogenesis by NELL-1
may promote bone regeneration initiated by BMP-2.
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Platelet Derivatives and Platelet Derived Biomaterials
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In the development of new medical treatments for tissue repair, the field of regenerative medicine has turn to the use of Platelet Rich Plasma as
a natural source of protein growth factors in an attempt to enhance wound healing. The use of PRP as a delivery system for high concentrations
of growth factors, such as Epidermal Growth Factor, VEGF, and PDGF and TGF in their various forms, has played a critical role in expediting the
proliferative, and remodeling phases of wound repair.
During our characterization studies, two different sources of PRP (Adult blood and Umbilical cord blood) were evaluated and tested in
combination with MSCs to evaluate cell proliferation. The results attained showed the different growth factors and chemokines concentrations.
MSCs proliferation and migration were significant increased when using ucPRP compared to aPRP. These results were likely due to the greater
amounts of VEGF, PDGF and FGF present in the umbilical cord blood in comparison to the adult blood that presented a higher concentration
of SDF-1. In either case, the use of PRP in wound repair, willhelp to bridge the existing gapsbetween thecurrent surgical techniques and a
successful tissue regeneration and healing.
Using a chronic ventral hernia (CVH) model, our in-vivo research demonstrated that when used as a coadjuvant to the current surgical
treatment, PRP augments the neovascularization and the subsequently tissue depositionpromoting the regrowth of damaged muscle tissue. Till
the day, recurrence of hernias after surgical repair remains one of the biggest complications. Poor tissue-mesh integration, and degradation of
matrices are some of the many contributing factors for hernia recurrence. During our study commercially available acellular dermal matrices
were used to repair our CVH model. Half our study subjects received PRP on the surgical site prior skin closure. Half of the samples were
collected and analyzed at three months and the other half at six months. PRP-treated subjects revealed significantly more neovascularization of
the implanted mesh and higher amounts of tissue deposition at both time points, leading to a decrease in hernia recurrence rates. Enhanced
neovascularization, can be associated to a faster and increased tissue deposition during the earlier stages of wound healing.[4] PRP is proven
to be a reliable wound healing aid when an enhanced neo-vessel formation and an augmented tissue deposition is required.
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Beneficial effects of platelet-rich plasma for stem cell differentiation and fibroblast activation
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Platelet-rich plasma (PRP) is currently a valued treatment in tissue engineering (TE) approaches due to the content in growth factors and
favorable effect on cell proliferation, scar formation and wound healing. The molecular mechanism underlying PRP activity has not yet been fully
elucidated. The aim of this study was to investigate PRP effect on the process of adipogenic differentiation of human adipose-derived stem cells
(hASCs) and on fibroblast stimulation and collagen production, which can be part of a tissue regeneration process.
PRP fractions were obtained from fresh collected blood from patients after their informed consent. Exosomes were isolated from these
fractions, validated for EV markers using antibody arrays. Exosomal content was analyzed and comparatively characterized depending on the
age of the patient, focusing on the differentially expressed miRNAs involved in regenerative process by miRNA PCR array. hASCs were exposed
to adipogenic differentiation conditions up to 21 days in the presence or absence of 10%PRP, then analyzed for adipogenic markers expression
both at gene and protein levels. In parallel, fibroblast culture was treated with 10%PRP and investigated for collagen production.
Previous results showed differences in the levels of growth factors analyzed between young, adult and senior PRP fractions and a positive
effect of 10% PRP on fibroblast proliferation rate. PRP-exosomal content analysis showed the presence of several miRNA species that were
previously associated with wound healing- miR-125b, miR143, miR-21, miR-126, miR-29, miR-16, thus suggesting that these molecules can serve
as biomarkers for regenerative processes. The addition of PRP in the adipogenic differentiation media inhibited the process and led to the
formation of lipid vesicles slower than under normal differentiation conditions. Perilipin adipogenic marker displayed lower-gene and protein
expression, as revealed by qPCR and confocal microscopy. Fibroblast activation was enhanced when adding 10% PRP, leading to an increasing
profile of expression for collagen gene (col2a1).
Consequently, the addition of PRP during fibroblast activation has positive effects, mostly because of its content in growth factors and wound
repair-favorable-miRNAs. This research strengthens the idea that the use of PRP is beneficial for TE and regenerative medicine. This work was
supported by PNIII-P2.2.1-BG-458 (123BG/2016) grant.
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Effective immobilization of Lactoferrin on electrospun nanofibers for bone tissue engineering  
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Induced bone regeneration indicates the process such that bone defects can be regenerated by facilitated healing through the use of osteoinductive signaling molecules such as small molecules, peptides or growth factors. However, small molecules often have less functional groups
and lower osteoinductivity than growth factors. On the other hand, growth factors have reported abnormal tissue formation such as
adenocarcinoma. To overcome these problems, in this study, we used lactoferrin, a multifunctional glycoprotein that has been recognized as an
osteo-inductive molecule with abilities to increase osteoblast proliferation, survival and differentiation. Furthermore, lactoferrin has been
reported to effectively help bone regeneration with anti-inflammation and anti-microbacterial effect. However, large proteins including
lactoferrin would be rapidly cleared on defect because of their big molecular structure and thus, high dose of proteins were needed to realize
the therapeutic effect. To solve these limitations, proteins may be immobilized on the scaffold to continuously give osteogenic signals to the
defects. Polydopamine (PD) coating would be a method to immobilize the protein onto scaffold because it successfully immobilize the proteins
through Shiff’s base reaction and Michael addition.
Given that, we prepared lactoferrin immobilized PLLA electrospun nanofiber sheet using PD coating method and investigated the effect of PD
coating time on immobilized amount of lactoferrin. After that, human adipose derived stem cells (hADSCs) were seeded on the scaffold to
investigate the function of immobilized lactoferrin on cell adhesion, proliferation and osteogenic differentiation. As results, lactoferrin
successfully activated the proliferation and osteogenic differentiation of stem cells and also significantly enhanced the anti-inflammation and
anti-bacaterial effects. In conclusions, low dosage of lactoferrin mediated by polydopamine showed significantly enhanced osteogenic potential
of hADSCs when it was immobilized on the nanofiber with demonstrating other multi-functions such as anti-inflammation and antimicrobacterial effects.
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Generation of a Collagen Type I Based Three-Layered Human Skin Substitute

Agnes S. Klar1，Jakub Zimoch1，Thomas Biedermann1，Claudia Meuli-Simmen3，Martin Meuli2，Ernst Reichmann1
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Tissue Biology Research Unit, University Children's Hospital Zurich, University of Zurich, Switzerland，2Department of Surgery, University Children's Hospital Zurich, University of Zurich,
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The use of bio-engineered dermo-epidermal skin substitutes is a promising approach to achieve functional permanent skin restoration of full
thickness wounds. However, the currently available skin substitutes lack a subcutaneous fat layer, which is an essential regulator of mechanical
and thermoregulatory properties of normal skin. To bio-engineer a hypodermal layer, we differentiated in vitro human adipose-derived
mesenchymal stem cells (ASCs) into adipocytes, and combined them with a pre-vascularized dermal component employing human dermal
microvascular endothelial cells (HDMECs) and dermal fibroblasts in a collagen type I hydrogel. Seeding a layer of keratinocytes, that formed the
epidermis, finalized the generation of a three-layered skin substitute. The differentiation of the hypodermal layer in a 3D hydrogel was
confirmed in vitro using adipocyte specific markers such as adiponectin, perilipin, and FABP-4 on protein and mRNA level.
After transplantation on immuno-deficient rats for 2 weeks, the dermis and the hypodermis of the skin substitute showed a rapid connection
of the human pre-formed blood capillaries to the underlying rat vasculature in the wound bed. The subcutaneous layer was easily detected in
the skin transplants in vivo after BODIPY and FABP-4 immunofluorescence staining. Furthermore, presence of functional vascular plexus within
the skin graft improved the epidermal differentiation, with more proliferating Ki67-positive keratinocytes leading to a thicker epidermis.
In conclusion, we successfully bio-engineered a functional human three-layered skin substitute, which offers the potential to be used in clinics
for autologous skin grafting.
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Human tissue-engineered skeletal muscle: a novel 3D  in vitro model  for intramuscular injection   

Dacha Gholobova1，Mélanie Gerard1，Lieselot Decroix1,2，Linda Desender1，Nico Callewaert3，Pieter Annaert4，Lieven Thorrez1
1
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Department of Human Physiology and Sportsmedicine, Building L, Pleinlaan 2, 1000 Brussels, Belgium，3AZ Groeninge, President Kennedylaan 4, 8500 Kortrijk, Belgium，4Drug Delivery and
Disposition, Department of Pharmaceutical and Pharmacological Sciences, KU Leuven, O&N II Herestraat 49 - box 921, 3000 Leuven, Belgium

The development of laboratory-grown tissues, referred to as organoids, bio-artificial tissue or tissue-engineered constructs, is clearly
expanding. We describe for the first time how engineered human muscles can be applied as a pre- or non-clinical model for intramuscular drug
injection to further decrease and complement the use of in vivo animal studies. The human bio-artificial muscle (BAM) is formed by a tissue
engineering procedure during which human myoblasts fuse and differentiate to aligned myofibers in an extracellular matrix. The dimensions of
the BAM construct allow for injection and follow-up during several days after injection. A stereotactic setup allows controllable injection at
multiple sites in the BAM. We injected several compounds; a dye, a hydrolysable compound, a reducible substrate and a wasp venom toxin.
Afterwards, direct reflux, release, metabolism and muscle toxicity were assessed. Using spectrophotometry and luminescence, we confirmed
release of the injected compounds and their metabolites. We also determined compound toxicity on the BAMs by measuring creatine kinase
release in the medium, which clearly increased with increasing toxic insult. Taken together, we show that the BAM is an injectable human 3D
cell culture model with the potential to further reduce the need for animal experiments.
Corresponding author: Prof. Lieven Thorrez, email: lieven.thorrez@kuleuven.be
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Development of small-diameter vascular grafts using a combination of electrospun micro and nano fibre scaffolds

Rajesh K. Kampa，Sheila MacNeil
Department of Materials Science and Engineering, Kroto Research institute, University of Sheffield, Sheffield, United Kingdom

BACKGROUND Recent advances in vascular tissue engineering have led to the development and early-stage clinical translation of tissue
engineered blood vessel grafts. However, while results are promising with larger diameter grafts [1] they also show that small-diameter grafts
(<6mm) suffer from thrombogenicity issues post implantation in vivo and have high failure rates in comparison to autologous grafts [2]. The
ideal small-diameter tissue engineered blood vessel must be able to resist thrombi formation, withstand the in vivo mechanical environment, be
bioresorbable and be able to be remodelled.
AIM: Our study aims to produce a viable small-diameter blood vessel that can be lined with endothelial cells and which can be perfused and
will resist blood clotting.
EXPERIMENTAL: We have developed multi-layered tubular 3D scaffolds by co-electrospinning blends of Poly(3-hydroxybutyrate-co-3hydroxyvalerate) (PHBV) and Poly(lactic-acid) (PLA) such that they do not delaminate and can support multi-cell type cultures as previously
described from our laboratory[3]. Nanofibres of PHBV followed by microfibers of PLA were co-electrospun onto a metal rod of diameter 4.7mm
to produce scaffolds of length 3.5cm and internal diameter of 4.7mm and external 4.9mm. Scanning electron micrographs of scaffolds revealed
interconnected PHBV nanofibres and PLA microfibres. In initial experiments scaffolds were seeded with human dermal fibroblast (HDFs) and
cultured under static conditions. After 2weeks cells in scaffolds displayed good viability, growth and continuous spread of HDFs thorough the
length of the vessel.
CONCLUSION: We report a convenient methodology for making a tubular small-diameter scaffold for vascular tissue engineering by combining
an inner layer of nano fibres to support endothelial cells surrounded by an outer layer of microfibres to encourage ingrowth of stromal cells
References:
[1] J. D. Drews, H. Miyachi, and T. Shinoka, Trends Cardiovasc. Med., vol. 27, no. 8, pp. 521–531, Nov. 2017.
[2] S. L. M. Dahl, A. P. Kypson, J. H. Lawson, J. L. Blum, J. T. Strader, Y. Li, R. J. Manson, W. E. Tente, L. DiBernardo, M. T. Hensley, R. Carter, T. P.
Williams, H. L. Prichard, M. S. Dey, K. G. Begelman, and L. E. Niklason, Sci. Transl. Med., vol. 3, no. 68, p. 68ra9, Feb. 2011.
[3] F. J. Bye, J. Bissoli, L. Black, A. J. Bullock, S. Puwanun, K. Moharamzadeh, G. C. Reilly, A. J. Ryan, and S. MacNeil, Biomater. Sci., vol. 1, no. 9,
p. 942, 2013.
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Development of a natural polymer based novel tissue-engineered breast implant
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The reconstruction of breast after lumpectomy and radical mastectomy remains a challenge to reconstructive surgeons. Post mastectomy
reconstruction of the breast has two major routes, one with synthetic implants and another one with autologous surgical reconstruction but,
both strategies bid a substantial overture for reconstruction of the breast (1). However, a tissue engineering approach can serve as a clinical
impetus to restore and replace the breast. The key question is whether post-implantation of a tissue-engineered scaffold with/without cells can
regenerate the breast. Hence, we fabricated a breast implant using natural polymers such as collagen, elastin and fibrin as these polymers are
an integral part of the human breast’s ECM. A scaffold was fabricated with custom developed methods and material characterisation studied
mechanical testing, pore size analysis, water contact angle, microscopy, and histological analysis. To understand cell behaviour on the
scaffolds, they were seeded with human adipose derived stem cells (hADSC) and in vitro and in vivo work in a rat model was carried out. The
results showed that scaffolds were able to mature over time with increased mechanical properties from day 1 (0.24kPa) to day 28 (9.25 kPa).
Expression of adipogenic genes (CEBP and PPARG) showed 180.87 and 7.04-fold increase in expression of CEBP and PPARG respectively on
day 7. Histological analysis showed expression of adipose markers. Our developed breast implant had an ideal pore size pattern for
angiogenesis, flow of nutrients, cellular migration and microstructure which reflects on dynamic interaction between cells and ECM and this
address issues faced by existing breast scaffolds/implants. Hence, our breast implant demonstrates potential translation.
Reference:-YOSHIMURA et, al.2008,Aesthetic Plastic Surgery, 32, 48-55
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Optimization of culture medium for human fetal cartilage progenitor cells (hFCPCs) for fabrication of a scaffoldfree cartilage tissue  
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We have previously developed a proprietary method to construct a highly mature artificial cartilage using human fetal cartilage-derived
progenitor cells (hFCPCs) without using artificial scaffold materials. In this study, we tried to optimize the culture medium of hFCPCs and the
subsequent scaffold-free cartilage tissue formation process. hFCPCs were isolated from GA 12-16 fetus at Ajou University Hospital with the IRB
approval (AJIRB-CRO-07-139) and the written consent of the donor. We have tested 4 different culture media; 1) DMEM-HG with 10% FBS, 2)
the same medium supplemented with 10 ng/ml bFGF, 3) DMEM-HG with 5% human platelet lysate (hPL; Stem Cell Technologies), 4) Xeno-free
medium (SFM-XF; Thermo Fisher Scientific). Expansion rate of hFCPCs were first examined up to 10 passages together with their genetic
stability and phenotypic characteristics such as surface marker profile for MSCs, expression of ESCs markers such as sox2, oct4, and nanog,
colony forming unit fibroblasts (CFU-F) assay, SA-bGAL assay and multi-lineage differentiation ability. Then the effect of different culture media
on the formation of the scaffold-free cartilage tissue was compared to optimize the fabrication process showing the best and reproducible
quality. We speculate that our study could provide useful information about the process optimization for artificial cartilage tissue engineering.
Key words, fetal cartilage progenitor cells (FCPCs), cartilage tissue engineering, culture medium, process optimization
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Design and Synthesis of Cell Instructive Bioinks for 3D Bioprinting of Skin and Cartilage
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3D Bioprinting is a revolutionary technology for the design of tissue models with advanced functionality. [1] The use of cell instructive inks in
3D Bioprinters allows for the rapid manufacturing of 3D tissues and organs in vitro and the precise control over microarchitecture and
functionality of cell-laden constructs. The printing versatility of bioinks together with living cells eliminates the risk for poor cell viability and cell
accessibility throughout the 3D network. Here we summarize a few examples of cell instructive bioinks prepared with chemically modified
cellulose nanofibrils (CNFs). The CNFs were bioconjugated covalently with a cell adhesive peptides (RGD) and laminin (LN521) in order to
promote human dermal fibroblast adhesion and viability in the scaffolds. The degree of conjugation, colloidal stability and chemical
composition of the modified CNFs were analyzed by chemical characterization methods. The printability of the bioinks with various CNF ratio
was evaluated using a 3D printer under different printing conditions. The influence of peptide/protein modification and bioink composition on
cell adhesion, viability and proliferation was studied in vitro. The results showed that the adhesion, viability and proliferation of fibroblasts were
promoted significantly in the 3D constructs bioprinted with GRGDSP modified bio-inks. Improved cartilage tissue formations were achieved in
the LN521-CNF/Alginate bioinks after two weeks of differentiation of human-derived induced pluripotent stem cells (iPSCs).
1) Murphy SV, Atala A, Nature Biotechnology, 32 (8), 773-785, 2014.

465

a92519

02-P351

Segmental Additive Tissue Engineering
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Segmental bone loss due to illness or injury represents a major clinical problem worldwide. Bone grafting materials that are currently available
are not optimal, especially for pediatric patients who have not completed their bone development. The production of tissue-engineered
segmental grafts on-demand is expected to provide a better treatment option for these patients. We recently demonstrated that functional
bone tissue could be grown using induced pluripotent stem cells (iPSC) [1], creating the possibility to engineer segmental grafts for
personalized reconstructions. However, a number of technical challenges remained to grow segmental bone grafts effectively and reproducibly
for routine clinical applications. To overcome these challenges, we have combined a traditional and modular tissue engineering approach
referred to as Segmental Additive Tissue Engineering (SATE), and devised standard operating procedures which allow to scale up the size of
bone-engineered grafts, minimizes process and product variability, and facilitates technology transfer and implementation. Briefly,
reconstructions of segmental defects are partitioned transversally to the longitudinal axis into segments (modules) with discoidal geometry and
defined thickness. This enables protocol standardization and effective tissue formation in vitro. Bone grafts corresponding to each segment are
then engineered using scaffolds seeded with iPSC-derived mesodermal progenitor cells and a perfusion bioreactor with universal design. Our
engineering strategy enables the effective and reproducible engineering of segmental bone grafts with geometrical requirements for individual
patients, and can facilitate technology transfer and implementation of a tissue engineering approach to segmental bone defect therapy.
1. de Peppo, et al. Engineering bone tissue substitutes from human induced pluripotent stem cells. Proc Natl Acad Sci U S A
2013;110(21):8680-8685.
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Self-healing and tissue adhesive PAAM-gelatin based semi-IPN hydrogel for tissue engineering applications

Seunghun S Lee，Hwan D Kim，Inseon Kim，Nathaniel S Hwang
Seoul National University

Attempts to mimic the body’s tissue and organs which are more complex than any computer are getting improved day by day. However,
certain organs such as vocal fold are still difficult to imitate and strategies to achieve repair or functional restoration of surgically removed
organ remain a big challenge. As one of the solutions, semi-interpenetrating polymer network (semi-IPN) hydrogels have long received an
attention in the tissue engineering field, due to their unique chemical properties, flexible method for synthesis, and desirable physical
characteristic. In this present study, polyacrylamide (PAAM) and gelatin based semi-IPN hydrogel (PG hydrogel) is developed to suggest the
possible solution for medical application. PG hydrogel can have mechanical properties of various tissues by simply adjusting the PAAM/gelatin
ratio. Its biocompatibility via celluar viability, dehydration resistance and sweeling ratio were confirmed its safeness for implanation. In addition,
this novel biocompatible hydrogel has great self-healing ability and strong tissue adhesion that can overcome challegnes for practical
application in medicine. In this study, PG hydrogel shows the great performance from two practical application tests: a hemostatic patch
against bleeding and an artificial vocal fold implantation for functional restoration of ex vivo vocal fold defect model.
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High-Precision 3D Inkjet Technology for Live Cell Bioprinting
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Bioprinting is an attractive technology for the fabrication of tissues to be used in regenerative medicine or in vitro testing applications. In
particular, inkjet printing holds promise as a simple and efficient method for the precise deposition of live cells and biomolecules, especially
since a drop-on-demand control of small volumes down to a few hundred picoliters can be expected. However, turning the inkjet approach
into a major tissue engineering tool can prove challenging. First, reliable dispensing is often compromised by cell sedimentation and nozzle
clogging when using common types of inkjet printheads. Second, the range of materials that can be used as substrate is restricted to ejectable
low-viscosity liquids, which limits process development for rapid tissue assembly.
To address these issues, we report here the development of a novel inkjet printhead specifically designed for ejecting live cell suspensions.
Droplets are formed by membrane vibrations generated by a pulse-driven piezoelectric actuator and coupled with a recirculation mechanism
to avoid cell sedimentation. Good stability of ejection was thus shown to be maintained for dozens of minutes of continuous printing with a
uniform distribution of cell number per droplet. Cell viability and proliferation post-printing were validated using fibroblasts, vascular endothelial
cells and embryonic stem cells.
Based on this technology, a multi-ink printing system has been built to demonstrate the feasibility of patterning different cell types with a
precise control of cell number and spatial positioning, while improving resolution by pre-printing adhesive biomaterials. Multilayered threedimensional (3D) structures could be also constructed by alternating cells and hydrogel deposition. Inkjet bioprinting can thus be effective to
design organized tissue models with multiple components and is expected to be especially useful for developing in vitro screening strategies
that require a high reproducibility of small-sized structures.
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Autologous fat grafting has become a common technique for treating volume and contour abnormalities in aesthetic and reconstructive
surgery. Autologous fat grafts have several beneficial characteristics, including lack of immunogenicity, simple surgical procedure, low cost, and
easy accessibility. The initial isolated adipose tissue is composed of adipocytes and stromal vascular fraction cells, which include adipose stem
cells, preadipocytes, fibroblasts, vascular endothelial cells, and a variety of immune cells. One long-term complication with fat grafting is
unpredictable absorption of the fat graft. A number of studies have reported resorption rates of 30-70% within a year. In addition to the risk of
damaging the fat cells during aspiration and centrifugation, one limitation is the requirement to infiltrate the cells in direct contact with wellvascularized tissue.
3D bioprinting utilizes the layer-by-layer method to deposit materials and cells to create tissue-like structures. Using this technique, patient
specific fat grafts can be made regarding shape and size. In addition, the need for vascularization can be met by making porous structures that
blood vessels can grow into.
Adipose tissue from liposuction was received from a healthy donor. The adipose tissue was prepared with Lipogems® kit according to
manufacturer’s protocol. Briefly, the adipose tissue was washed, emulsified, and rinsed. The adipose tissue was gently mixed with 3% alginate
in a ratio of 90:10. To make a printable bioink, the adipose mixture was further mixed with nano cellulose/alginate (80:20) in a 1:1 ratio. The
tissue was 3D bioprinted and immediately implanted subcutaneously in mice. At day 0, 3, 7 and 30, the constructs were harvested for
histological and immunohistochemical analysis.
Macroscopical examination of the grafts revealed stable grafts over time with blood vessels in close conjunction to the fat.
Immunohistochemistry is used to characterize the the explanted tissue and is still under investigation.
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Elastin-like vessel substitutes for in situ tissue engineering
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Introduction
Current research in vascular tissue engineering aims at developing cell-free grafts, able to support cell infiltration and remodeling in situ, i.e.
upon implantation. In situ vascular grafts benefits from ready availability, easy storage and transport and potential clinical adoption1. In this
work, we aim to develop macroporous small vascular grafts for in situ tissue engineering by using Elastin-Like Recombinamers (ELR)2, a novel
class of biomaterials with immune-tolerant properties, elastic performance and low thrombogenicity.
Materials and Methods
The vascular graft was fabricated by injecting ELRs into vessel-like shaped mold, and subsequent crosslinking via click-chemistry. Salt-leaching
gas foaming and electrospinning were adapted to provide the microstructure. SEM and Two Photon Microscopy were used to investigate the
porosity. Cellular infiltration and extracellular matrix (ECM) production by human smooth muscle cells were investigated by
immunohistochemistry. Mechanical properties were evaluated by burst strength and suture retention measurements.
Results and Discussion
ELR-Vascular grafts with controlled porosity were successfully fabricated. Importantly, the resulting porous vascular grafts were proved to be
suturable and able to withstand the physiological pressure conditions. Cellular studies showed cell infiltration and concomitant ECM
production, which makes this system of high interest for in situ tissue engineering
Conclusions
We have successfully engineered macroporous ELR-based vessel substitutes, here proposed for in situ tissue engineering. Notably, the ELRs
and fabrication techniques used here can be applied to a variety of applications in the field of regenerative medicine. Specifically, the capability
of creating a desired porosity that supports cell infiltration makes this system of high interest for the development of off.the-shelf devices
susceptible of cell infiltration and remodeling upon implantation.
Acknowledgments
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3D cell-laden collagen villi model for mimicking intestinal villus epithelium and capillary
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3D cell culture within 3D structures provides cells more physiological conditions including cell-to-cell and cell-to-substrate interactions and
suitable biochemical signaling compared to conventional 2D cell culture. To date, 3D cell-printing technology for obtaining a 3D cell-laden
structure has been studied in tissue engineering applications. However, a realistic villi model using cell-laden bioink with both the
biocompatibility and mechanical strength to achieve villus structure has not been developed. Furthermore, 3D villi model requires
vascularization to perform their specific functions. Here, we developed a human intestinal villi model including vascularization using a cellprinting technique. Human umbilical vein endothelial cells (HUVECs)-laden collagen bioink and epithelial cells (Caco-2)-laden collagen bioink
were printed using core-shell nozzle and vertically moving extrusion-based printing system (VMEPS) to mimic the anatomical human villi
structure. To obtain the 3D vascularized villus-like structure, cell-laden collagen bioinks were cross-linked with tannic acid (TA). The fabricating
conditions were optimized and a HUVEC/Caco-2-laden collagen villi structure was fabricated. The 3D villi structure showed appropriate
geometry and a high initial cell-viability. In vitro cellular activities of the cell-laden villi structure demonstrated satisfactory cell viability with a
growth-rate. Moreover, differentiation indicators of the epithelial cells and vascularization markers of the endothelial cells were observed.
These results indicate that the 3D vascularized villi model would be a promising model mimicking the human intestinal villi.
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Computational simulation is a powerful tool for biofabrication, making the exploration of possible outcomes more efficient when experimental
resources are limited. One area of rapid development is the use of cell spheroids as building blocks for ‘scaffold-free’ biofabrication. However,
the spheroids without a microvascular supply, and even more so the ensuing constructs, often experience depletion of nutrients, accumulation
of catabolites and hypoxia, which impact on individual cells survival and properties, as well as on the collective properties during cellular selfassembling. This is because the same mechanism driving the formation of spheroids in first place, is also responsible for their fusion in larger
cellular structures when maintained in contact long enough. In this work, we used the open-source platform CompuCell3D (CC3D), to simulate
the spheroids properties and their energy minimization- based behavior during their interaction in groups of 2 (binary), 6 (ring), 8 (square) and
9 (square with a core) spheroids, containing one or two cell populations. A complex cancer model included both the tumor and its
microenvironment, and for this in the binary and the 9-spheroids fusions at least one spheroid had tumor properties such as rapid cell
proliferation, differentiation and/or death, as dependent on the available glucose. We found that the fusion of heterocellular spheroids in a ring
displayed the conspicuous ‘cell separation’ behavior also present in the evolution of single spheroids, which was more pronounced when the
adhesiveness between the two cell populations was disparate. Spheroids fusion continued with ring’s collapse and closure, having a rate
dependent on the strength of intercellular adhesion. Rate of binary spheroids fusion, monitored by the distance between centers of mass,
showed minimal dependence on glucose concentration, until the cell proliferation took prominence in the process. The cell composition of the
complex tumor was also dependent on the available glucose, through a combined effect on cell survival and proliferation. In concussion, we
developed a computational model of spheroids fusion during the basic steps of ‘scaffold-free’ biofabrication, as dependent on a key metabolic
variable, which is useful for generating heuristic insights and hypothesis testing.
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Aim: Endoscopic operation has widely emerged as a less invasive approach compared to conventional open surgery. However, postoperative
inflammation and coalescence are major complications, particularly after resection of mucosal membrane and peritoneum. Placement of flat
shaped cell sheets on disease sites has been useful in prevention of such complications, however cell sheets with a tailored shape conformed
to complex sites such as middle ear and small intestine may be desired. Here, we demonstrated that a culture substrate tailor-made using
micro stereolithography can be covered with a gold layer and subsequently used to grow cells to reach such confluence, which is then
electrochemically transplanted.
Methods & Results: To cover a culture substrate with a thin gold layer for cell culture and electrochemical cell transfer, we examined
cytocompatible electroless plating on several resins that were photocrosslinkable for use in micro stereolithography. A gold surface plated on a
resin was covered with a self-assembled monolayer of oligopeptide (CGGGKEKEKEKGRGDSP). After cells were grown and completely covered
the surface, the oligopeptide layer was cleaved by applying an electrical potential and along with the desorption of the oligopeptide layer, the
cell layer was transferred onto a collagen gel and peritoneum. Further, to demonstrate transplantation of a transplantation cite tailor-made cell
sheet, a bunny mold (5 mm × 5 mm × 5 mm) as a model shape was fabricated using micro stereolithography. The surface was covered with a
gold and cells as mentioned above and transferred to a collagen gel using the electrochemical reaction. This technology could be a beneficial
tool for the treatment of postoperative complications using cell sheets with suitable conformity to graft areas.
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The use of additive manufacturing (AM) techniques, such as fused deposition modelling, to fabricate tissue scaffolds is currently routine within
the field of biofabrication. This popularity stems from their ease of use and reproducible fabrication of structures with pre-defined architectures.
The fiber resolution, however, still remains a drawback, affecting the seeding, proliferation and migration of cells. Nanofibrous meshes, on the
other hand, have been long appraised for their excellent performance with respect to the development of multiple tissues (e.g. cartilage, skin,
etc.). These can be prepared with a solution-based electrospinning (ESP) setup, which permits an inexpensive and rapid fabrication of scaffolds.
However, the design of precise patterns on-demand is typically prohibited due to the inherent chaotic nature of an electrified liquid jet. For this
reason, we have developed a solution direct writing (DW) ESP technique that can be used to pattern ultrathin (~1µm) fibrous scaffolds with
intricate three-dimensional (3D) architectures and regular porosity. This novel approach relies solely on the fine tuning of the polymer solution
properties and ESP parameters, to achieve a focused deposition of the jet onto the collector. We have also shown that this is a versatile
technique, by demonstrating its feasibility with two polymers, poly(ethylene oxide terephthalate)/poly- (butylene terephthalate) and poly( ε
-caprolactone). Additionally, through a precise combination of ESP parameters, we have also shown that different fiber regimes can be attained,
ranging from bundles with dispersed or aligned ultrathin fibers to large single fibers (~50µm). As a proof of concept, we used this technique to
design a 3D scaffold that represents the zonal configuration of articular cartilage collagen fibers. The DW scaffold was seeded with human
mesenchymal stem cells and chondrogenic differentiation compared to a conventional ESP mesh over 21 days. We observed that DW scaffolds
had the ability to impart a zone-dependent tissue and collagen fibril structural organization, as opposed to random meshes where the cartilage
tissue developed isotropically. Moreover, chondrogenic markers such as Sox9 and ACAN were upregulated in DW scaffolds compared to
random ESP meshes. In conclusion, we developed a novel technique to produce customizable 3D ultrathin scaffolds, with cartilage tissue
engineering shown as one possible application within the biofabrication field.
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Bioprinting of Microalgae/Mammalian Cell Hybrid Constructs – a Concept for Photosynthetic Oxygen Supply of
Cells in Regenerative Therapies
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One of the major limitations of therapies based on tissue engineering is the lack of vascularization and hence a shortage of oxygen supply after
implantation that leads to fast cell death. To solve this problem, most approaches aim to accelerate vascularization, e. g. by integration of
angiogenic factors or prevascularization of tissue engineering constructs in vitro. However, there are also therapeutic concepts which
consciously avoid the contact with blood components in order to protect allogenic or xenogenic cell transplants against components of the
immune system – one example is the transplantation of alginate-encapsulated pancreatic islets into patients suffering from diabetes type I.
Photosynthetic microalgae produce oxygen under illumination and first short-term studies have demonstrated that mammalian cells survive in
hypoxic environment when co-cultivated with photosynthetically active microalgae.1,2
Recently, we have proposed the application of bioprinting to establish co-cultures of mammalian cells and microalgae in a spatially defined
arrangement.3 By means of extrusion-based bioplotting using an alginate/methylcellulose blend as bioink, strands with mammalian cells (human
mesenchymal stromal cells, hMSC, or the rat beta-cell line Ins1) can be deposited next to strands laden with microalgae (Chlorella sorokinania)
to bring both cell types in close vicinity without direct contact. In order to evaluate the concept of photosynthetic oxygen delivery during long
term culture, we have developed a co-culture medium ensuring survival and function of both cell types. We found that the microalgae,
embedded in the plotted hydrogel matrix und cultured in the adapted medium at 37°C and a white light intensity of 150 µmol photons m-2 s-1,
were able to produce oxygen which was sufficient to significantly increase the viability of Ins1 cells in a hypoxic atmosphere (1% O2). In
addition, we observed a significant influence not only of the intensity but also the wavelength of light on photosynthetic activity: the oxygen
production with red light was more efficient than with white light.
In conclusion, results of the study showed the applicability of bioprinting technologies for fabrication of hybrid constructs with a highly
organized arrangement of mammalian cells and oxygen-producing microalgae.
K. Bloch et al. Tissue Eng. 12, 337, 2006
U. Hopfner et al. Acta Biomater 10, 2712, 2014
3
A. Lode et al. Eng. Life Sci. 15, 177, 2015
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Engineering GelMA-based bio-inks with tunable mechanical stiffness
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One of the critical challenges that hinders 3D bioprinting development is the bioink. Ideal bioink is supposed to be biocompatible, printable
and mechanical compliant. Gelatin methacryloyl (gelMA) hydrogels have been prevalently used for various biomedical applications due to their
suitable biological properties and tunable physical characteristics. With the presence of arginylglycylaspartic acid (RGD) peptide motifs, gelMA
hydrogels possess important properties for cell proliferation and spreading in gelMA-based scaffolds. Notably, the gelMA- based scaffolds also
provide important structural cues such as the mechanical stiffness (closely related to the pore size and porosity) that can regulate the cellular
behavior. However, gelMA with lower concentrations are cell friendly but less printable.
In this work, a systematic study is conducted to evaluate 30 different combinations of gelMA and gellan gum (GG) and determine the optimal
gelMA-GG for 3D bioprinting of soft tissues. Firstly, we investigated the optimal concentration range of gelMA-GG for homogenous cell
encapsulation. It is important to note that with the addition of 0.75% gellan gum, the resulted hydrogels are too viscous to mix cells
homogeneously despite the concentration of gelMA. Cell sedimentation has been found in 1% GelMA with the addition of 1% and 2% gellan
gum. No significant cell movement was found in all the rest groups. Next, we performed rheology test and printability. It is found that bioinks
with viscosities ranging from 0.2 to 1pa·s under a constant shear rate of 100 s-1 exhibited relatively good printability. Measurement of pore
size/porosity and compressive test reveal that there is a correlation between pore size and the mechanical stiffness of the 3D bioprinted
constructs. The pore size was controllable by varying the concentrations of gelMA, leading to tunable mechanical stiffness. Lastly, we evaluated
the biocompatibility of the 3D bioprinted gelMA-GG constructs using C2C12 cell line and determined the optimal bio-ink for cell proliferation
and spreading within the 3D printed scaffolds. Evidenced by the elongated cells, all the six gelMA-GG combinations had demonstrated good
biocompatibility and cell viability of the blended hydrogel. The 5%-0.5% group showed the best cell spread and elongation. Taken together,
this research offered a promising bioink with tunable stiffness for tissue-specific engineering applications.

a92226

02-P362

3D Bioprinting strategy for Chitosan-based bioinks  
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Bioprinting has emerged in the last years as a powerful technology for the development of three dimensional (3D) complex constructs for
tissue engineering (TE) applications. However, one of the major challenges that limit the progress in this field is the available choices of
printable biomaterials (1-3). In this work, we report the development of a 3D bioprinting strategy that employs a Chitosan-based bioink which
is ionically crosslinked with a novel crosslinker synthetized in our group (4). The crosslinker consists of a Phytic Acid derivative, named as
Glycerol Phytate (GPhy), which exhibits high biocompatibility and powerful antioxidant properties. The ionic crosslinking of phosphate groups
of GPhy with amine groups is instantaneous which allows quick gel formation leading to high shape fidelity. This makes GPhy a promising
candidate for 3D bioprinting of amine-based hydrogels, avoiding the necessity of using high concentrated polymer solutions that can
compromise cell culture. In particular, the specially designed bioink consisting of Chitosan (Ch), gelatin methacryloyl (GelMA) and
polyethylenglycol dimethacrylated (PEGDMA) is dually crosslinked with GPhy and ultraviolet light to form stable constructs. The blend bioink
demonstrates good printability, showing superior resolution and shape fidelity in comparison to other Chitosan-based bioinks previously
proposed. The 3D bioprinted scaffolds displays favorable biological characteristics that supports the spreading and proliferation of L929
fibroblasts in comparison with other phosphate-based crosslinked scaffolds. In addition, the multi-layered bioprinted scaffolds are mechanically
stable at physiological conditions for at least 1 month. We envision that our bioprinting strategy and bioink formulation may have widespread
applications in regenerative medicine field.
References:
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Guided tissue regeneration (GTR) membrane with porous multilayer structure is believed to be able to satisfy the multifunctional requirements
for guided tissue regeneration around periodontal1-3. And supercritical carbon dioxide (ScCO2) foaming technology is popular for a green
fabrication method in regeneration medicine4,5. In this study, ScCO2 foaming technology was introduced to fabricate porous PLGA/PCL bilayer
membrane for GTR that is rarely reported. First, based on the analysis of rheological behaviors, independent rapid batch foaming of PLGA and
PCL in supercritical carbon dioxide atmosphere were conducted respectively, which showed that foamed PCL had bigger pores with higher
interconnectivity compared with foamed PLGA, and morphology of foams could be controlled by foaming temperature and pressure. After that,
porous PLGA/PCL bilayer membranes with distinguishing structure were prepared in one step foaming at optimized conditions of 15MPa and
50oC, in while the PLGA layer with pores less than 10 um, while the PCL layer with pores of high interconnectivity over 90% and 80 to 100 um.
Afterwards, standard CCK8 test proved that the bilayer membrane had no significant cell toxicity, meanwhile results of CLSM showed that the
small pore PLGA layer exhibited perfect prohibition for fibroblasts ingrowth but favored proliferation onto its surface and the interconnected
big pore PCL layer was suitable for ingrowth of osteoblast. Tensile tests showed the small pore PLGA balanced strength and elongation that
ensured the bilayer membrane having proper strength and feasibility with 4.02 MPa in tensile strength and 57.7 % in elongation at break. All of
these properties meet the multifunctional requirements of GTR membrane showing huge potential for GTR usage.
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3D bioprinting microenvironments for studying cancer metastasis
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The ultimate killers in cancer are the metastases—particularly those to vital organs like the brain. Although our knowledge of the metastatic
process continues to improve, this knowledge remains limited. A key step in this process is the extravasation of the cancer cells across the
blood brain barrier (BBB). Failure in this protective barrier leads to development and progression of several diseases including brain tumor
metastasis development. Much of what is currently known about the process comes from animal in vivo models (requiring extrapolation to
human relevance) and 2D static in vitro systems, which although simple, fail to capture the rich cell-cell and cell-matrix interactions of the
dynamic 3D in vivo tissue microenvironment. To address this challenge, we have developed 3D bioprinting technology to explore the
metastatic process in a dynamic 3D neurovasculature. Using a custom built direct ink write system we have printed vasculature seeded with
human brain endothelial cells that form a complete barrier and are cultured under flow conditions for up to three 3 weeks in 3D printed
silicone bioreactors. Our neuro-specific bionk has been demonstrated to encourage growth and interaction between the human endothelial
and astrocyte cells. Preliminary studies of micro-bead tracking are underway to begin building/validating computational models of fluid velocity
and flow characteristics in the printed geometries. Current efforts are focused on introducing circulating cancer cells into the entirely 3D
printed mini neuro-tissue.
This work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under Contract DEAC52-07NA27344
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Scaffold with fibrous structure is suitable for creation of engineered tissue because it resembles the natural structure of extracellular matrix. In
this study, we demonstrated the use of commercially available cotton candy machine to generate fibrous structure from poly ( ε -caprolactoneco-lactide) (PLCL). PLCL granule was melted and centrifugally forced to generate fibers, and then collected to create a cylindrical scaffold. The
diameter of PLCL fibers was ranged between 1 to 17 µm. The fabricated microfiber scaffold showed improved mechanical properties including
elastic modulus and ring tensile strength, compared to the micropore scaffold fabricated using phase-separation technique. The ring tensile
strength and elastic modulus of the microfiber scaffold were increased approximately 1.5 fold higher than the micropore scaffold. The
biological test also showed that the microfibers scaffold demonstrated better cell morphologies including cell area, perimeter and aspect ratio
during 3 hours cell adhesion on the scaffolds. After 24 hours of culture, cells spread and growth on the both scaffolds, however the number of
viable cells on the microfiber scaffold increased significantly on 4 and 7 days of culture, compared to these on the micropore scaffold. This
study showed that the microfiber vascular graft can be fabricated using a simple technique and free-solvent process.
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A fabrication approach to form perfusable 3D microvascularized hydrogel
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The success of tissue engineering as a feasible approach for regenerative medicine relies heavily on the generation of 3D vascular networks
throughout tissue constructs [1, 2]. These networks should i) guarantee adequate oxygenation, nutrient delivery and removal of waste products
throughout the entire scaffold volume; and ii) ensure rapid anastomosis with the host vasculature, in order to avoid a loss of cellular viability
within a thick scaffold. Without such a vessel network, cells embedded deep within the scaffold would suffer from ischemia and eventually
perish, resulting in a necrotic core that would limit the utility of the scaffold for regenerative purposes. The aim of the current study is to
investigate whether perfusion through microfluidic hydrogels improves cell survival in culture of human umbilical vein endothelial cells
(HUVECs). We fabricated 3D microvascular networks in gelatin hydrogels using thermo-responsive sacrificial poly(N-isopropylacrylamide)
(PNIPAM) microfibers. These microchannels allow constant perfusion of culture media throughout the hydrogel, and significantly improve the
viability and proliferation of embedded HUVECs. These perfused culture models will prove useful in highlighting key factors associated with the
development of 3D vascularized, tissue engineered construct.
References
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3-Dimensional cell patterning technique using acoustic wave for tissue engineering
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Production of functional artificial tissue is essential for the tissue engineering and regenerative medicine areas that aim the recovery or
replacement of damaged tissue1. Recent studies have shown that the structural characteristics of tissues are critical for the proper function of
tissue2,3. For this reason, to mimic in vivo tissue structures, a variety of techniques such as cell sheet method and direct cell printing have been
developed4,5. However, these techniques have limitations in terms of patterning resolution, organized cell geometry, material selection, or
fabrication time. To overcome limitations of previous methods, we developed a technique using acoustic wave and demonstrated organization
of microvessels at the clinically-relevant scale. Our fabricated tissue of co-aligned human umbilical vein endothelial cells (HUVECs) and human
adipose stem cells (hADSCs) in hyaluronic acid hydrogel exhibited an enhanced paracrine effect of hADSCs and gene expression. Our
technique can be applied to fabricate not only to blood vessels but also various tissues by replicating the target tissue structure.
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Development of an extrusion-based 3D bioprinting approach for the applications of bone tissue engineering
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Additive manufacturing is a powerful technique enabling the production of highly organized structures with exact precision and tailored
components. It is becoming increasingly popular also in the field of tissue engineering (TE), providing a promising strategy to engineer tissues
for widespread applications. The aim of this study was to exploit the extrusion-based 3D printing to create a functional bioprinting approach
for the expanding needs of bone TE. Based on initial optimization of stability and printability, a hydrogel system based on 5 wt-% gelatin and 4
wt-% alginate was used in the experiments. In addition, 0.25 wt-% TEMPO-oxidized cellulose nanofibers (CNF) and/or 1 wt-% bioactive glass
(BaG) particles (47.12SiO2-6.73B2O3-6.77CaO-22.66Na2O-1.72P2O5-5MgO-10SrO mol-%) were included. The CNF was used to improve the
printability and the BaG particles were included to provide osteogenic cues for the cells. The properties of the cell-free hydrogels (e.g.
rheology, chemical interactions) were extensively characterized both before and after printing. Initially, human osteosarcoma cells (Saos-2)
were mixed with the gels and 4-layer structures with parallel 0.51 mm diameter strands, in 90°angles between the layers, were printed, crosslinked with CaCl2 and cultured for 14 days. Saos-2 cells remained viable in the glass-free gel compositions throughout the culture, but in the
presence of BaG the viability was decreased. The decreased viability was well correlated with the measured increase in gel viscosity. Apart
from the glass-containing gels, cell proliferation increased throughout the culturing period. There was also a constant increase in the alkaline
phosphatase (ALP) activity in all the gels, indicating good osteogenic activity of the Saos-2 cells. After the initial optimization with Saos-2 cells,
further bioprinting experiments were conducted with human bone marrow-derived mesenchymal stem cells (hBMSCs) to better represent the
suitability of the approach for bone TE. Interestingly, hBMSCs survived the printing process even better than Saos-2 cells and showed BaGstimulated early osteogenic commitment as measured by ALP activity. The bioprinting approach developed in this study holds great potential
for the applications of bone TE and provides a good basis for further development towards optimally functioning bioengineered structures.

474

a90548

02-P369

An in vitro tumor angiogenesis model with bioprinted vascular channels mimicking in vivo conditions
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Tumor-associated angiogenesis, the formation of new blood vessels, is an essential process for the development of tumors, and therefore a
suitable target for anti-cancer therapies. The known 3D printed vascular models are presented with diameters of 500–1500 µm, but show a
cell composition comparable to the much smaller capillaries1,2. To mimic vascular channels ranging from the size of arterioles and venules to
arteries and veins three cell types are included within the three different walls of a channel.
We hereby present a novel method to produce such a three-dimensional in vitro angiogenesis model resembling the natural composition of
larger vascular channels by using a 3D drop-on-demand bioprinting technique. To provide further freedom within our model we only make use
of natural occurring and highly cell compatible hydrogels such as fibrin and collagen that are well known to support angiogenesis2 but are
challenging regarding printability. The constructs were cultivated under dynamic physiological flow conditions in self-constructed reusable
reactors and cancer spheroids were induced in proximity to the channels to study their angiogenic potential over 3 weeks.
The presented results show vascular-like channels with a diameter of about 1–1.5 mm and a length of about 16 mm surrounded by a
continuous endothelium as well as an up to 400 µm thick layer of smooth muscle cells and surrounding fibroblasts. An increased expression of
collagen IV, which is essential for the stability of the basement membrane, could be observed over 3 weeks and a reduced permeability was
measured through the stable endothelium. The studied materials did show an overall high cell compatibility and cell viabilities of more than 80
% directly after the printing process and above 90 % after four days of cultivation as well as a support of cells within a distance of up to about
1 mm. The mechanical characteristics of our hydrogels were tested and are in line with those of natural vascular channels.
We conclude that the proposed model could be further used as a tunable in vitro test platform to study the tumor-associated angiogenic
process with a focus on effects of chemotherapy drugs in the future with the aim to provide an animal-free, in vitro drug screening that is more
sophisticated and reliable than the currently used 2D or simple 3D screening models.
1. Kolesky et al. Proc Natl Acad Sci 2016
2. Lee et al. Cell Mol Bioeng 2014
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Biofabrication of 3D Cardiac Tissues with Bio-Printing and Bio-Assembly technologies
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In tissue engineering, it is still a big challenge to engineer functional large-scaled tissues and organs. Because such tissues and organs have
highly complex and 3D hierarchical structures, it is required to develop some effective biofabrication technologies. Recently, it was proposed
that 3D bio-printing and bio-assembly are two major approaches in biofabrication to fabricate 3D tissues and organs [1]. We have ever
focused on the approach of bio-printing, bio-assembly and the combination of both in vitro. In our strategy, which we call “pre-fabrication”,
several Bio-parts are first fabricated using 3D printing technology, and next they are incubated. During pre-cultured period, 3D-printed Bio-parts
grow and form significantly maturing structures. After then, they are assembled. Finally, large-scaled 3D structures can be constructed with
many matured Bio-parts. Here, we demonstrate our challenges of pre-fabrication to fabricate 3D cardiac tissues.
At first, The enzymatically cross-linkable alginate and gelatin, which we have developed as useful Bio-ink for 3D bioprinting, were prepared and
used [2]. Then, we fabricated designed hydrogel scaffolds containing several fine fiber structures using our custom-made inkjet 3D bio-printer.
Cardiomyocytes were seeded onto the hydrogel scaffolds and cultured. Cardiomyocytes gathered and form fiber structures at one side of
hydrogel fibers, where cardiomyocytes were significantly oriented to long-axis direction at Day 5. Considering these results, pre-culture process
is effective to produce matured Bio-parts, as such orientation of cardiomyocytes is one of the specified features of the cardiac tissue. Those
results indicate that the fabricated structures with cardiomyocytes had already advanced towards a grown and matured process.
Finally, we tried to assemble those Bio-parts for biofabrication of large-sized 3D cardiac tissues using micro robot manipulator which we
previously developed. And we found that those parts can easily be bound using fibrin glue.
In conclusion, biofabrication of 3D cardiac tissue-like structures using bio-printing and bio-assembling were challenged and it was found that
bioprinting is useful in producing arbitrary designed bio-parts, while bioassembly with micro manipulator is effective in rapid production of
matured tissues by assembling with pre-cultured bio-parts.
References:
1) Groll J et al., Biofabrication, 8, 013001 (2016)
2) Sakai S et al., J Biomed Mater Res A, 85, 345-51 (2008)
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Modular Type II Photoinitiator for Functional 3D Printing
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Additive manufacturing/three-dimensional printing (AM/3DP) is a disruptive manufacturing technique whose global market is projected to
reach $8.3B by 2020 at an annual growth of 20.6%. Where AM excels over traditional manufacturing technologies is in speed, accuracy and
efficiency. Although several AM technologies exist, few can match the performance and accuracy of light-based or lithographic techniques (ie.
stereolithography (SL) and digital light projection (DLP)). One of the major drivers of these processes is the photoinitiator which is a vital
component found in the photocurable resins. Commercial lithographic printers are bulky, expensive and optimized for use with proprietary
materials thus limiting the flexibility and creativity of the end-user. In addition, commercial systems use high power laser-based light sources in
conjunction with photoinitiators to initiate and propagate the chemical reaction. Photoinitiators (PIs), or light excitable catalysts, and the light
source are integral components of lithographic-based AM typically classified as type I or type II. Type II PIs require the use of an oxidizing agent
combination with a wavelength specific excitable fluorophore, therefore have the flexibility of operating at various wavelengths based on the
selected fluorophore. Although photolithographic AM technologies have been in existence for nearly 40 years, not much effort has been placed
on the development of new photoinitiating systems and even fewer investigations have looked at high intensity light-emitting diodes as an
energy source.
Therefore, here we demonstrate the effectiveness of light emitting diodes (LEDs) as a highly efficient light source suitable for photocrosslinking
and 3D printing in combination with a tunable and modular visible light type II PI. For this purpose, a custom-built 3D printer coupled with a
20x objective and 450nm LEDs was used to fabricate composite structures exhibiting varying mechanical and diffusive properties. Aqueous PIs
optimized for use with visible light (~450nm) LEDs have yet to be fully explored due to the complex nature of the PI system as well as the
diversity of LED sources. Although industry and research efforts have focused on the use of ultraviolet (UV) type I PIs, there are persistent
toxicological concerns with the reagent as well as the use of organic solvents for solubilisation. Furthermore, incidental UV radiation exposure
is an additional end-user concern.
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Biomimetic 3D cell-laden scaffold inducing alignment fabricated using cell-printing process with electric field for
muscle regeneration

Miji Yeo，WonJin Kim，JiUn Lee，Minseong Kim，Gi Hoon Yang，GeunHyung Kim
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Tissue engineering aims to develop an artificial cardiac tissue model to be used as a viable, contractile graft. However, mimicking the complex
3D architecture remains remarkably challenging in which each layer guides cell organization with a slight shift in the alignment of adjacent
layers. To state this problem, cell-printing process was used for developing a 3D cell-laden scaffold for cardiac muscle regeneration. However,
cell-printing itself lacks a guidance for cell growth and alignment, so electric field can be applied to tailor cell morphology. Briefly, the electric
field has been used to manipulate components with modified surface or composites with uniformly oriented structure. Under the electric field,
cell movement can be assumed by intensity of electric field, viscosity of bioink and dielectric constant of cells based on Stock’s law. The cell-tocell interaction was induced by the dielectric constant within the cells due to the applied electric field which resulted in cell arrangement.
Therefore, the parameters such as the intensity of electric field and viscosity of bioink were varied to investigate the effects on cell alignment.
Then, the parameters that arrange cells the most were selected to develop 3D aligned cell-laden fibers. Consequently, this study proposes a
scaffold that organizes cells in anisotropic manner and tailored alignment in 3D cellular fiber for muscle tissue regeneration.
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Regulation, Protocol, and Clinical applications of 3d bio printers in Dermatology, Plastic Surgery, Orthopedics,
Urology, and Ophthalmology

Heon Ju Lee，Hyun Woo Jo，Min Chae Lee，Bo Mi Nam，Joshua Kim，Ji Eun Kim，Seung Jin Kim
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3D bio printers are now used for therapeutic purposes in many areas. Dermal tissue regeneration for wound healing or scar removal, cartilage
regeneration for degenerative arthritis, penis reshaping and enlargement, and cure for aged macular degradation are some of the case studies
that we performed and conducting these days.
There were two big huddles in adoption of 3D bio printing technology to clinical application: regulation and protocol for each application. For
the regulation, most of the clinical trial can go through the pass way of ATMPs by EMA in Europe. USA and Japan also follows similar principle
of ATMPs. However, it was very hard to get approval for cell related therapy in China and Korea. Especially, the 3d bio printers are not
approved as medical devices and it was almost impossible to get approval for clinical usage. However, if surgeon used the 3d bio printer in the
operation room and he/she uses only the materials that approved from EMA or FDA, the entire process can be considered as a doctor’s
treatment or part of surgery. So, if doctor got the stem cell from autologous stromal vascular fraction (SVF) or bone marrow concentration
(BMC) and seeding these materials together with approved materials, such as collagen, hyaluronic acid (HA), and fibrinogen and trombone,
there is no violation of regulation. Only the agreement from patients and approval from Institutional Review Board (IRB).
For the protocols of each application, the research level conformation of efficacy and safety must be done in advance. Since the merits of 3d
bio printing is its repeatability, one can find the optimum conditions for each application by conduction of a few experiments.
In this summary, we are introducing some of the clinical application in Dermatology, Plastic Surgery, Orthopedics, Urology, and
Ophthalmology.
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In vivo 3D bioassembly of cellularized 3D printed scaffolds supports vascularization within entire tissue
engineering construct
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Conventional tissue engineering (TE) approach is based on cell seeding on the surface of macroporous 3D scaffold. The main issue associated
with this approach is an insufficient vascularization in the inner parts of the scaffold (1). The Layer-by-layer (LBL) bioassembly approach aims to
obtain a homogeneous cell repartition inside such composite biomaterials by assembling small seeded blocks (2), leading to more efficient cell
proliferation and differentiation comparing to conventional TE approach. The aim of this work was to evaluate the advantage of LBL in vitro and
in vivo using poly(lacic) acid (PLA) 3D printed membranes seeded with human primary cells.
PLA microporous membranes were 3D printed by fused deposition modelling. Membranes were seeded using mono-cultures of human bone
marrow stroma cells (HBMSCs) or co-cultures of these cells and human endothelial progenitor cells (EPCs) isolated from cord blood. LBL
constructs were prepared by assembling 4 seeded membranes stabilized with PLA clips. Early osteoblastic and endothelial differentiation
markers were evaluated for the each layer by the expression of alkaline phosphatase (ALP) and von Willebrand’s factor (vWF) respectively.
Then, these constructs were implanted subcutaneously in immunodeficient mice, as well as cellularized 3D printed blocks (conventional
approach). The implants were harvested after 8 weeks, embedded in resin and labelled with Goldner Trichrome. Immunohistochemistry
staining was performed with anti-Mitofilin antibody to label human cells. Quantitative analyses were performed to evaluate the number of
newly formed blood vessels per mm2 of PLA.
In vitro results showed higher level of ALP expression in co-culture systems comparing to mono-cultures of HBMSCs. Histological analyses
showed human cells presence at the periphery of blocks and in the inner parts of LBL. The highest host tissue penetration was observed in LBL
co-culture samples. This was confirmed by statistical analyses. As expected, the addition of endothelial cells improved the vascularization
inside the implanted scaffolds (3).
LBL bioassembly provided more efficient cell repartition in 3D comparing to TD, especially when co-culture system was used. It led to higher
host tissue penetration and increased blood vessel formation inside the implants.
REFERENCES:
1. Schlaubitz S. et al., PloS One 9, e110251, 2014
2. Groll J. et al., Biofabrication 8, 013001, 2016
3. Grellier M. et al Cell Press, 562, 2009
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Miniaturized 3D bioprinting on a chip for 3D cell cultures
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There is a critical need for improved in vitro human toxicology testing to rapidly advance therapeutic drug candidates to preclinical evaluation
or to prioritize potential environmental toxicants. The ability to predict organ toxicity in vivo is of particular importance because potentially
toxic substances including drugs and environmental toxicants can be distributed to different parts of organs and tissues, leading to adverse
responses. Despite recent advances in three-dimensional (3D) spheroid cultures, 3D bioprinting, and microfluidic tissue-on-chip, 3D cell culture
platforms are still incapable of rapidly creating highly organized multicellular tissue constructs and/or inapplicable to high-throughput
compound screening due to several technical limitations. To address this need, we have developed “microarray 3D bioprinting”, which is a
robotic microsolenoid valve-driven bioprinting technology manifested on several chip platforms, including micropillar/microwell chips,
96-/384-pillar plates with flat surface, and a 384-pillar plate with sidewalls and slits (384PillarPlate®). Multicellular mini-tissue constructs (as
small as 1 µL containing several layers of human cells in hydrogels) have been developed for predictive toxicology by precisely dispensing
multiple human cell types in biomimetic hydrogels layer-by-layer with printing robots. With this printing technology and chip platforms, we have
demonstrated 1) neural stem cell spheroid cultures for developmental toxicology, 2) liver tissue cultures via layered hepatic cell printing, 3)
high-content imaging of 3D-cultured cells/tissues, and 4) viral gene delivery to study individual-dependent, adverse drug responses. We
envision that miniaturized 3D bioprinting on the chip platforms can provide predictive information on compound toxicity and help to identify
pharmacologically safer and more effective drug candidates.

a93256

02-P376

Development of gellan gum gel devices

Ryu-ichiro Tanaka1，Katsuhisa Sakaguchi2,3，Tatsuya Shimizu3，Shinjiro Umezu4
1
Majors in Modern Mechanical Engineering, University of Waseda, Tokyo, Japan，2Faculty of Science and Engineering, University of Waseda, Tokyo, Japan，3TWIns, Institute of Advanced
Biomedical Engineering and Science, University of Tokyo Women’s Medical, Tokyo, Japan，4Department of Modern Mechanical Engineering, University of Waseda, Tokyo, Japan

Introduction:
Bioprinting is an important biofabrication in tissue engineering. By printing biomaterials such as ECM and cells at arbitrary positions and
stacking, it is possible to fabricate a complicated 3D cellular structure. Artificial 3D cellular tissues are expected to be applied for artificial
organs or drug screening models.
In bioprinting, creating blood vessels is important. In the previous studies, it has been reported that blood vessels were produced by printing
tubular scaffolds by using special nozzles or printing fugitive ink. However, these are produced in a hydrogel containing cells. Since the cellular
tissue is very soft and sensitive to external damage, it was difficult to fabricate a blood vessel of the order of hundred micrometers in dense
cellular tissues.
It is possible to construct dense 3D cellular tissues by laminating cell sheets. Patterning of vascular endothelial cells and construction of
vascular tissue using a vascular bed have been reported. However, it has not been reported that blood vessels having a diameter of several
hundred micrometers are constructed in cell sheets in vitro. Therefore, in this study, we aimed to fabricate a vascular structure with a diameter
of several hundreds of μm in the cell sheet using bio 3D printing.
Method:
We thought that by inserting gellan gum gel fiber into the cell sheet, we could fabricate a lumen structure. Therefore, we developed a gellan
gum gel device for inserting gellan gum gel fibers into the cell sheet.
Result:
We have developed a method to gel printed gellan gum ink by using chemical reaction. Using this method, we fabricated a device by printing
a gellan gum gel in fiber form and printing a framework to fix it. In addition, we optimized the condition of gellan gum gel devices by changing
the chemical composition.
Conclusion:
In this study, the gellan gum gel device fabricated using a chemical reaction was prepared. By using the gellan gum devices, it is expected that
vascular tissue can be produced in the cell sheets.
We acknowledge that this work was supported by JSPS Kakenhi Grant Numbers 16K14203, 16H04308.
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The Development of Bioinks Incorporating Co-Cultures of MSCs and HUVECs for 3D Bioprinting of Vascularised
Tissues   
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INTRODUCTION
Without a system in place to circulate oxygen and nutrients, the size of many tissue engineered (TE) constructs is restricted to the oxygen
diffusion limit of 200µm, limiting their clinical application. This issue can be overcome by including a vascular network within TE constructs. The
overall aim of this study is to establish the optimum conditions for the rapid formation of a primitive vascular network within 3D bioprinted
constructs. Specifically, this study aims to compare different bioink formulations, cell combinations and culture periods and evaluate their
potential to establish stable microvessels in vitro and in vivo.
METHODS
Three bioinks (alginate, GelMA and fibrin) were first compared for their ability to facilitate endothelial sprouting of human umbilical vein
endothelial cells (HUVECs), and support vascular network formation in vitro. Optimised bioinks were printed with the following cell
combinations: (1) HUVECs only; (2) MSCs only; (3) A 2:1 co-culture of HUVECs:MSCs; and (4) A 1:1 co-culture of HUVECs:MSCs. Constructs
were cultured in EGM-2 medium with 5ng/mL of VEGF for 10 days in vitro. Groups were evaluated for average vessel length using ImageJ. For
in vivo analysis, fibrin constructs containing MSCs, HUVECs or HUVECs & MSCs were cultured for either 12h or 7 days in VEGF-supplemented
media and subsequently subcutaneously implanted into balb/c nude mice for 1 or 2 weeks. Constructs were evaluated for vessel formation
using histology (H&E) and immunohistochemistry (CD31).
RESULTS
Fibrin bioinks supported higher levels of HUVEC sprouting in vitro compared to alginate and GelMA. Co-cultures of HUVECs and MSCs in fibrin
produced networks which were more stable in vitro compared to HUVEC-only groups. When comparing two different co-culture ratios,
constructs seeded with a co-culture of HUVECs:MSCs at a 2:1 ratio resulted in higher average vessel length after 7 days. Pre-culturing of
constructs to form microvessels prior to subcutaneous implantation resulted in higher vascularisation of constructs after 14 days in vivo.
DISCUSSION
The results from this study show that fibrin is an ideal bioink to support HUVEC sprouting and microvessel formation. This study also shows
that a HUVEC:MSC co-culture of 2:1 within 3D bioprinted constructs facilitates the development of a stable primitive vascular network in vitro.
Establishing microvessels in bioprinted tissues prior to implantation lead to enhanced vascularisation once implanted in vivo.
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3D Bioprinting Endometrium To Facilitate Uterus Functional Regeneration
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Serious injuries of endometrium in women of reproductive age are often followed by uterine scar formation, leading to serious health and
social problems. And now we face with a lack of effective functional endometrium regeneration strategy. It is confirmed the present of stem/
progenitor cells in tissues and important influence of 3D microenvironment for cell fate. However, traditional sheet or scaffold sphere can’t
reconstruct complex tissue structure of endometrium. This study demonstrate a 3D printed, bi-layer, cell encapsulated scaffold for
endometrium functional regeneration. Two composites of bio-ink are natural polymers or their derivatives. This new-type scaffold showed
superior elastic mechanical properties (mechanical strength ≈20 kPa, train ≈200%) and good biocompatibility. More remarkably, our bi-layer
structure (composed of epithelium and stromal layer) reestablish the nature structure in vivo. Further study showed we got intact and
functional endometrium in rats after surgery. This new-type bi-layer structure could be a promising strategy for human endometrium
regeneration and provide perspective for other application.

479

a92322

02-P379

Reinforcing IPN Hydrogels with 3D-Printed Polymeric Frames to Engineer Cartilage Mimetic Scaffolds
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Introduction: One of the major limitations with using hydrogel based bioinks is that they are often mechanically weak, and alone are not
capable of supporting loading within a joint environment. Recently, hydrogels have been successfully reinforced by co-deposition of
thermoplastic fibres alongside the hydrogels. However, even with the reinforcement no study has managed to mimic the complex mechanical
environment within cartilage. The aim of this work was to use 3D printing to mechanically reinforce gelatin-methacrylamide (GelMA)-Alginate
interpenetrating network (IPN) hydrogels with different polycaprolactone (PCL) frames to mimic the mechanical properties of native cartilage.
Methods: The geometry of 3D-printed PCL scaffolds was modulated to obtain three scaffold designs (PCL1, PCL2 and PCL3) differing in
structural and mechanical properties. The filament configuration of 3D-printed PCL scaffolds was tailored to obtain scaffolds with compressive
properties all within the range of native cartilage tissue. After placing the fibrous constructs in an Agarose mould, GelMA(10%)-Alginate(3.5%)
hydrogel solution was injected through the open pores of the 3D-printed scaffolds. The hydrogel was then crosslinked with 45mM CaCL 2
solution and UV light exposure for 15 min. The mechanical properties of IPN hydrogel only and composite constructs were evaluated via cyclic
compression tests. Five cycles were applied with increasing strain amplitude from 10 to 50%.
Results: PCL1 structures showed a compressive modulus (E) of 218.05±13.7kPa, while PCL2 and PCL3 constructs had an E of 332±18kPa and
2892.98 ± 210.2kPa respectively. As expected, the IPN alone was softer compared to the PCL frames, with an E of 79.16 ± 9.9kPa. The
constructs compressive modulus increased by 3-fold, up to 665.25 ± 140.2kPa for IPN+PCL1, and 2.5-fold, up to 799.25 ± 149.9kPa for
IPN+PCL2. Only a small increase in composite E was observed when the stiffest PCL frame was infused with the IPN (1-fold, up to 3678.25±
325.5kPa).
Discussion: We demonstrated that the reinforcement effect of the IPN hydrogel was dependent on the architecture and stiffness of PCL
scaffolds. Moreover, by reinforcing IPN hydrogels with soft and highly porous PCL networks, it is possible to engineer cell friendly fibre
reinforced composites with mechanical properties comparable to native cartilage tissue.
Acknowledgments: Funded by the ERC grant 204144.
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Biomimetic scaffolds via additive manufacturing as functional eardrum replacements
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Introduction
Ear succeeds in sound collecting all the way to mechanical into electrical transmission thanks to vibrating membranes, in particular the
tympanic membrane (TM) in the middle ear. Due to its peculiar anatomy and function, the optimal restoration of damaged TM must take into
account several features on the nanoscale level. In this body setting, such characteristics can be decisive for an optimal performance within an
infectious and chronically inflamed microenvironment. To date, none nanotech manufacture is applied to eardrum reconstruction, but rather
auto/allografts from other tissues (unspecific) are used.
Materials and Methods
We fabricated TM membranes using poly(ethylene oxide terephthalate)/poly(butylene terephthalate) (PEOT/PBT) block copolymer combining
conventional electrospinning with additive manufacturing to produce multiscale scaffolds with anisotropic architecture resembling collagen
fiber orientation in the native eardrum (1). After production, some PEOT/PBT meshes were treated with argon (Ar). Immortalized human
keratinocyte (HaCat cell line) were cultured in presence of (-Ar and +Ar) PEOT/PBT meshes for 2, 6, and 24 hours. Real-time PCR was carried
out to evaluate the expression of pro-inflammatory cytokines IL-1 α, TNF-α, IL-6 and IL-8, anti-inflammatory cytokine TGF-β and antimicrobial
peptide HBD-2. TM scaffolds were cultured in vitro with human mesenchymal stromal cells for 1 week. Sample morphology was evaluated via
fluoresce microscopy.
Results and Discussion
The PEOT/PBT copolymer meshes showed a very consistent and reproducible morphology. The electrospun scaffolds had fiber diameter of
1.9 ± 0.9 μm and mesh porosity was 80% ± 0.8%. The gene expression profiles indicated that (-Ar) PEOT/PBT was able to significantly downregulate the expression of pro-inflammatory cytokines and up-regulate the expression of anti-inflammatory cytokine and antimicrobial peptide
HBD-2 up to a very high concentration after 48 hours of treatment. (+Ar) PEOT/PBT showed a reduced anti-inflammatory activity as it downregulated pro-inflammatory cytokines. HMSCs resulted viable and metabolically active. Such biomimetic micro-patterned nano-structured
substrates enabled cell alignement along architectural directions, thus appearing as promising substrates for developing functional TM
replacements.
Acknowledgement
This study is funded by EuroNanoMed III project 4NanoEARDRM.
Reference
1. Mota et al. Biofabrication 2015, 7, 025005.
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Standardization of bioinks is necessary for the advancement of the bioprinting field as a whole. This standardization is necessary to impart
greater predictability on the behavior of bioinks and convey the limitations of the materials to the user. Currently, thorough characterization of
bioinks can be extremely slow and meticulous, requiring long time commitments for the basic characterization of a single bioink. Poor bioink
characterization may result in poor performance under non-tested printing parameters and situations. At a minimum, the relationship between
printing parameters such as pressure, speed, viscosity, temperature, and nozzle size and shape and the resulting filament size, shape, and
uniformity must be elucidated. Toward this goal, we have developed standardized protocols for the analysis and comparison of any bioink.
These protocols can be utilized to thoroughly and rapidly characterize the printability of a bioink and convey the relationship between the
printing pressure, nozzle shape and size, temperature, viscosity, and translation rate. Image analysis algorithms are utilized in this approach to
remove the “human element” from printability analysis and quantify filament shape or construct structural fidelity more rapidly than the current
methods. For example these algorithms can rapidly quantify the uniformity of the resulting filament, flagging irregularities in filament shape.
Additionally, these algorithms can rapidly calibrate a bioink to achieve a target filament diameter. In more complex applications the structures
of lattices and other intersecting filaments can be quantified to determine regions of imperfections in a printed pattern and where parameters
must be adjusted to result in a better print. These techniques allow the rapid screening of existing and new bioinks, improving bioprinting
outcomes and enabling the development of new bioinks.
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YoungWon Koo，GeunHyung Kim，Minseong Kim，JiUn Lee，Wonjin Kim
Department of Biomechatronic Engineering, College of Biotechnology and Bioengineering, Sungkyunkwan University (SKKU), Suwon, Korea

Matrix metalloproteinases (MMPs) are enzymes used in breaking down extracellular matrix (ECM) for the physiological processes, such as
embryonic development, reproduction, and tissue remodeling by inducing cell migration, proliferation. 1 Especially, MMP-1, known as
collagenase, breaks the interstitial collagens, collagens type I, II, and III, which are massive in the ECM.1 Here, we used MMP-1 to derive cells
from 3D cell-printed collagen scaffold by degrading the collagen and encouraging the remodeling of the scaffold, as in physiological conditions.
Conventionally cells were imprisoned or immobilized in the 3D cell-containing hydrogel scaffolds due to crosslinking process,2,3 which is one of
the drawbacks of crosslinked polymer hydrogels for the cell migration and proliferation.4 Therefore, collagenase was treated on the collagen
scaffolds in 3 ways to determine the optimal procedure for enhancement of cell release from the inside of collagen scaffold and cell
proliferation of human osteoblast-like cells (MG63): collagenase was treated 1) in culture media, 2) in collagen bioink (mixture of cell-laden
collagen and collagenase), and 3) in hydrogel beads in the bioink. The hydrogel beads were used to regulate the release of collagenase in the
collagen bioink. Cell viability, migration, and proliferation were evaluated in all 3 collagenase treatment methods. Other effects of collagenase
on the collagen structure, such as variance in mechanical properties, were also assessed. We believe that these results may become key
conditions to establish new fundamentals for more physiological in vitro culture system, as well as for enhancement of cell activities of cellprinted regenerative biomaterials.
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Optimized porosity of 3D printed gelatin methacrylamide scaffolds promotes angiogenic behavior of human
mesenchymal stromal cells
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Introduction:
Mesenchymal stromal cells (MSCs) are known to secrete bioactive cytokines and growth factors, some of which exert potent angiogenic
effects and stimulate angiogenesis of injured tissues. Identifying physical or mechanical properties that can enhance the angiogenic effects of
MSCs is a promising approach to design new biomaterials to treat ischemic or injured tissues. Here, we utilized 3D printed gelatin scaffolds to
elucidate the role of different pore sizes on the angiogenic effects of MSCs.
Methods:
Gelatin-methacrylamide scaffolds were fabricated using an extrusion based bioprinter (Bioscaffolder 3.1, GeSIM), and subsequently crosslinked
using UV light (320-500 nm). Scaffolds with three different pore sizes were created: 400, 500, and 600 mm. Primary human bone marrow MSCs
were seeded onto the scaffolds and cultured for up to 7 days in static culture conditions. Cell growth was assessed with Presto Blue assay.
Conditioned media were collected using Endothelial basal medium (Gibco) without addition of supplementary growth factors. Secreted factors
were characterized using membrane based angiogenic cytokine arrays. 2D tube formation was assessed by culturing HUVECs in conditioned
media for 16 hours. Tubes were visualized by fluorescence microscopy after staining with DAPI (nuclei) and Phalloidin (F-Actin).
Results:
Due to swelling of scaffold struts, pore sizes during the culture period were slightly smaller than immediately after fabrication. Scaffolds with
larger (>500 mm) pores promoted migration and 3D penetration of the seeded cells. No differences were observed on the metabolic activity
and growth rate of cells on the different scaffolds over 7 days. MSCs cultured on 500 mm pore size scaffolds secreted significantly higher
concentrations of bioactive growth factors including Angiogenin, PDGF, and VEGF. Moreover, conditioned media collected from these scaffolds
stimulated robust 2D tube formation by HUVECs – leading to significantly higher mean tube lengths and junction points.
Conclusions:
3D printed scaffolds can act as a synthetic niche for MSCs, and the physical environment of this niche can define the cells’ regenerative
behavior. Our results show that scaffolds with an optimized pore size can potently enhance the angiogenic function of MSCs. These optimized
scaffolds could find broad utility in tissue engineering applications.
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Green Foaming Strategy for Biocompatible PGA and TPP/PGA Scaffolds
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Polyglycolic acid (PGA) has been widely used for scaffolding in regenerative medicine. Not only in immunocompromised experiments,1,2 recent
research have further substantiated its potential as scaffold materials with promising results even in immunocompetent animal studies.3,4
Nonwoven PGA scaffolds lack strong mechanical properties and cannot be modified by blending filler in. The current study developed a novel
melt-foaming strategy to prepare porous PGA and modified TPP/PGA scaffolds based on the properties of PGA and the interaction between
PGA molecules and supercritical carbon dioxide (scCO2).5 Through the dissolution of compressed CO2 into PGA melt and subsequently rapid
depressurization at a relative low temperature with high PGA melt strength, PGA scaffolds with porosity of 39–74% and interconnectivity over
90% could be controllably fabricated. These PGA foams also exhibited attractive compressive modulus of 68-116MPa. Furthermore, scCO2
foaming technique was also successfully applied for the modified PGA scaffolds by blending functional tripolyphosphate (TPP) in advance,
which can improve the biocompatibility of PGA scaffolds through the rapid neutralization of the acidic degradation products by incorporating
TPP micro-granules in foams. Higher interconnectivity could be achieved. The amount of TPP was optimized at 2% to obtain a PGA based
scaffolds without acidic degradation problems in in vitro experiments. The inflammatory response of in vivo subcutaneous implantation in
immunocompetent animal model, pigs, can be obviously relieved. The PGA and TPP/PGA Scaffolds prepared by supercritical melt-foaming
maybe further pave the way for regenerative medicine applications.
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Introduction Female infertility is estimated to affect 72.4 million or 9% of women in reproductive age. There are multiple causes such as
Asherman syndrome—or symptomatic intrauterine adhesions, which results from inappropriate tissue healing after damage to endometrium’s
basalis layer (i.e., from surgery, infection or abortion). These adhesions can obstruct sperm passage or embryo implantation, leading to
infertility. A modern approach to tissue healing is thus warranted. Extracellular matrix (ECM) derived hydrogel is a novel scaffold that mimics
microenvironment of native tissues. Recently, numerous studies have illustrated its wide-ranging applications in regenerative medicine with one
ongoing phase I clinical trial on patients with post-ST elevation myocardial infarction. However, its application in uterine tissues has not been
explored or characterised.
Methods Uterine tissues were harvested from 25-week-old rats and decellurised using high hydrostatic pressure of 980 MPa. Histological
analysis and dsDNA assay were performed to assess decellurisation. Samples were then lyophilised, digested and used to form hydrogel as per
modified Freytes protocol. GFP rat endometrial stromal cells were cultured on the hydrogel for 2, 4 or 7 days followed by live/dead double
staining assay.
Results After 7 days, the hydrogel surface was almost entirely coated with living cells with few dead cells detected.
Conclusion We demonstrated that ECM-derived hydrogel could be successfully synthesised from decellularised uterine tissues. Its capability to
host living cells could hint at its potential to facilitate wound healing in uterus. More research is needed to analyse its characteristics and
utilities in clinical medicine.
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Ligament structures produced by using bio three-dimensional printer
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Ligament rupture is one of very common orthopedic diseases. Current methods for treating ligament rupture include syndesmorrhaphy and
reconstruction using a transplanted tendon (or fascia) autograft. But these treatments have some limitations, such as a high rate of re-injury and
the necessary sacrifice of un-injured tendon or fascia for the autograft. Thus in recent years, there have been the experimental efforts to
develop a method of transplanting ligament-like tissue produced in vitro for practical application of regenerative medicine in order to treat
ligament tears and rapture. However, artificial substrates such as collagen have been used for ligament-like tissue, so many issues remain, such
as unknown infections, rejection of foreign material, and toxicity of breakdown products.
Therefore, we aim to develop a ligament reconstruction technique that uses mesenchymal stem cells (MSCs) derived from induced pluripotent
stem cells and a bio three-dimensional (3D) printer without artificial substrate. Prepared cell structures can then be induced to differentiate into
ligament tissue in vitro to produce ligament structures. In a pilot study, we used human MSCs with a bio-3D printer to produce a ring-shaped
structure, which was cultured under continuous tensioning to achieve a resistance to tensioning. In this study, we prepared a sheet-shaped
structure with a closer morphology to a ligament, and then cultured this structure using an automated stretching system to rearrange the cells
and extracellular matrix in the direction of tensioning with following condition; functions stretching rate, 4 [%]; stretching frequency, 1 [Hz];
stretching time, 60 [minute/day]; stretching period, 7 [days]. In the future, to produce a structure with the same strength as ligament for
reconstruction of ligament tissue, we will evaluate the mechanical property of the produced ligament structure and aim to achieve a breaking
strength of at least 100 [N/mm^2] and stiffness of at least 50 [N/mm].
If the results of this study lead to the production of ligament structures, this method could be used to immediately resolve all limitations
related to artificial materials and lead to a massive reduction in cost and time required to perform safety trials and evaluation of artificial
materials. Therefore, the results of this study will lead to the development of medical techniques superior to those currently being used and
studied in terms of safety, cost, and time.
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The cervical cancer, induced by human papillomavirus (HPV) infection, has become the second death threat to women. Clinically surgical
resection of the affected parts is commonly adapted as the treatment for cervical cancer, but facing the problem of resected tissues cannot be
self-repaired. We herein propose the construction of implantable cervical structure with protein sustained release functionality by 3D printing.
The construct was designed according to the clinical data as a basic cone structure 1.0 cm in height and 3.0 cm in bottom diameter, with a 0.5
cm vertical hollow through its center. Polyurethane was selected as the raw material for fabrication, and constructs with three hieratical pore
distribution were successfully obtained by low-temperature deposition manufacturing technology followed by freeze drying process. HPV virus
inhibitor and recombinant human collagen were later loaded into the gradiently distributed pores, making this construct not only a tailored
tissue engineering products but also a controlled-release drug delivery system towards individual treatment.
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Surface Treatment Of Gelatin Scaffolds Using Camphene Designed with Core/shell Tubular
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Gelatin is generally used in tissue engineering because of its biocompatibility and cell compatibility properties. Much research has been done
to make scaffolds using gelatin, but no research has been done to further improve cell adhesion by treating the surfaces of pure gelatin
scaffolds. In this study, we have research to improve the surface of pure gelatin scaffold to enhance cell adhesion. In addition, the core was
made in a tubular shape in which the medium could be flowed into the scaffold. Gelatin / camphene was used for the preparation of scaffolds
with tubular structure with porous surface using low temperature printing system and freeze-drying was performed for sublimation of
camphene. MC3T3-E1 cells were cultured on a scaffold to confirm biocompatibility. As a result, it was found that the surface treatment of the
pure gelatin scaffold, which had not yet been tried, was found to be possible and the biocompatibility was also exceptional. In this study, we
expect gelatin /camphene to be applied not only to bones but also to various tissue regeneration fields.
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Introduction
Acquiring 3D information of musculoskeletal tissues using contrast agents has been used to measure concentration and distribution of tissue
constituents. In particular, contrast enhanced computed tomography (CECT) enables quantification of glycosaminoglycans (GAGs) in tissues
such as articular cartilage. In cartilage tissue engineering, assessment of GAG production is limited to endpoint destructive methods such as
1,9-Dimethyl-Methylene Blue (DMMB) assay on digested tissue or Safranin-O staining in paraffin sections. Here, we propose for the first time a
systematic CECT-based approach using positively charged contrast agent (CA4+) to quantify GAGs in tissue engineered constructs, which
could potentially allow for in-vitro non-destructive real-time monitoring of GAG production and distribution.
Methods
Human chondrocytes and mesenchymal stromal cells (MSCs) were harvested from articular cartilage and bone marrow, respectively. Four
pellets (~ 1 mm diameter) per group were cultured for two weeks in the following conditions: chondrocytes were cultured with i) no
Transforming Growth Factor β (TGF-β), ii) 1 ng/mL TGF-β; iii) 10 ng/mL TGF-β. MSCs were only cultured without TGF-β. At day 13, pellets
were incubated in medium containing 8 mgI/ml of CA4+. Micro-CT was performed at day 14 at voxel size of 20 µm3 in three different
protocols, namely 90 kV voltage with i) 3-minute and ii) 26-second scan time, and 70 kV voltage with i) 3-minute and ii) 26-second scan time,
all under 200 µA current. Phantoms (0-40 mgI/ml CA4+) were used to relate micro-CT grey values to CA4+ concentration. After scanning
DMMB was performed to quantify GAG content. Contrast agent cytotoxicity was assessed through LDH and Alamar Blue assay.
Results
Toxicity measurements revealed that up to 8 mgI/ml CA4+ was non-toxic for chondrocytes cultured in monolayer. A high correlation was
found between CA4+ concentration determined by µCT and GAG content. Furthermore, CA4+ distribution matched Saf-O staining.
Discussion
CECT-based determination of GAG content employing CA4+ assessment in µCT proved to be an efficacious technique, which potentially may
replace the DMMB assay. This allows for other readouts as the proposed technique is real-time, non-destructive and non-invasive. Optimizing
imaging parameters (i.e. voltage, CA4+ concentration, scan time) would potentially offer an unprecedented technique for spatiotemporal
monitoring of GAG production in tissue engineered constructs.
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One of the major goals of biological microscopy is to elucidate the structural evidence with which we can correlate functional activity. Recent
advances in bio-medical researches, such as the production of regenerative organ from induced pluripotent stem (iPS) cells and the
morphological changes induced by CRISPR/Cas9 mediated genome editing, require three-dimensional analysis in those cell/tissue architectures.
High-resolution imaging by electron microscopy remains superior to elucidate complex cell/tissue architectures. Scanning electron microscopy
(SEM) provides three-dimensional information of specimen surfaces by collecting electrons reflected from the surface (backscattered electrons:
BSE) and that forced out of the surface (secondary electrons: SE). The low-vacuum SEM allows the BSE imaging of non-conductive biological
samples because the negative charge accumulations on the non-conductive materials are subject to be eliminated with the positive ions in
residual gas molecules.
For light microscopic examinations, paraffin wax continues to be the universal embedding medium for histological analysis,
immunohistochemistry, and diagnostic histopathology mainly because it is inexpensive and easily handled for sectioning. The present study
developed a three-dimensional survey of the cell/tissue architectures in 30 µm-thick paraffin sections, by taking the advantages of
backscattered electron imaging in low-vacuum scanning electron microscope. As results, in the kidney, the podocytes and their processes were
clearly observed covering the glomerulus. The 30 µm-thickness facilitated investigation on a face-side, instead of sectioned, image of the
epithelium and endothelium that is rarely seen within conventional thin section. In the testis, differentiated sperms were three-dimensionally
assembled in the middle of seminiferous tubule. Further application to vascular injury thrombus formation revealed the distinctive networks of
fibrin fibers and platelets, capturing the erythrocytes into the thrombus. The four segmented BSE detector provided topographic bird’s-eye
images for three-dimensional understanding of the cell/tissue architectures at electron microscopic level. Here we describe the precise
procedures accompanied by representative electron micrographs of normal rat organs, experimental thrombus formation, and threedimensionally cultured tumor cells.
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Regenerative medicine holds immense potential for treating a wide range of human diseases, yet the mechanisms behind the therapeutic
function of transplanted stem/progenitor cells are not fully understood. Advances in molecular imaging have made it possible to quantitatively
characterize damaged tissue, and they have allowed for the visualization of dynamic processes within a cell and even in the living body.
Particularly, intraoperative optical imaging with tissue- and cell-specific probes provides highly selective, real-time, and fast solutions for
monitoring the pathophysiological alteration of the target tissue/cell. However, a common set of challenges involving the development of
targeted probes is the long-term detection of cell survival, differentiation, and integration with the host tissue for the early delineation of
toxicity and function. In this study, neo-cardiogenesis and neo-osteogenesis were monitored in animal models using tissue-specific near-infrared
(NIR) fluorophores and an intraoperative optical imaging system. After the transplantation of a cardiac patch, composed of decellularized
bioscaffold, cardiac progenitor cells, and epithelial cells, we visualized atherosclerotic calcification as a disease marker in the myocardial
infarcted area, and we observed cell behaviors toward tissue-specific regeneration. We also achieved bone-specific delivery of Oct4, an
osteogenic transcription factor, by the targeted probe conjugation, and monitored direct cell conversion in bone tissue in an osteoporosis
animal model to elucidate the transdifferentiation mechanism. Taken together, these results highlight that the targeted imaging can be used as
a promising platform for supporting therapeutic intervention and mechanistic insight in tissue regeneration.
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Introduction
Angiogenesis is key to the long-term survivorship of tissue-engineered constructs in vivo. Ability to monitor angiogenesis is therefore crucial to
enable researchers and clinicians to determine and compare the therapeutic nature of vascularisation strategies used in tissue engineering.
Photoacoustic imaging (PAI) is a laser-generated ultrasound-based technique that is particularly suited to imaging the microvasculature due to
the high optical absorption of haemoglobin.
Study design
We describe the application of PAI in tomography mode to image biological, decellularized human tracheal scaffolds. Decellularised donor
trachea was used as tissue-engineered scaffolds for subcutaneous implantation in murine models for a period of 15 weeks.
Results
We found that photoacoustic imaging allowed the longitudinal tracking of scaffold integration into subcutaneous murine tissue with high
spatial resolution at depth. The results of the study were consistent with post-imaging histological analyses, demonstrating that photoacoustic
imaging can be used to non-invasively monitor the extent of vascularization in biological tissue-engineered scaffolds. The study showed
evidence of progression of neoangiogenesis over an extended period of time without the need to perform terminal procedures or use of
invasive contrast dyes.
Conclusion
PAI is a promising non-invasive imaging technology which produces three-dimensional images for in vivo monitoring of angiogenesis. Validation
of the use of photoacoustic technology to monitor angiogenesis in vivo will allow for reduction of more invasive methods used pre-clinically. It
would also have significant impact in supporting its novel use in the observation of tissue integration and angiogenesis of tissue-engineered
scaffolds in the clinical setting. With technological development, it could be used to inform the clinical timing of surgical procedures following
heterotopic transplantation to establish vasculature.
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Spectroscopy deals with interactions between electromagnetic radiation and matter. The incident light (the electromagnetic radiation) is
absorbed, emitted or scattered which is followed by different techniques to measure/detect for analyzing the target substances/molecules.
There are a variety of very successful spectroscopic techniques, in which Raman Spectroscopy/Scattering (RS) is one of the most attractive
technique which is based on detecting vibrations in molecules. RS spectra represents the chemical structure of the target substances which are
also called “fingerprints” which allows to analyze molecules qualitatively/semi-quantitatively. RS can provide not only the biochemical
composition but also biomolecular information (i.e., specific biochemical conformation of proteins, carbohydrates, lipids, nucleic acids, etc.).
Therefore, Raman spectral analysis and imaging have been considered -widely accepted as an emerging tool in life sciences, with potential for
non-invasive discrimination between healthy and diseased states, such as malignantly transformed cells in vitro even in vivo. Recently a number
of portable RS systems with quite low costs, but with high enough sensitivities have been developed/commercialized. “Surface Enhancement
(“SE”)” techniques have been proposed in which plasmonic properties of nanoparticles and nanostructures are utilized to increase the intensity
of the Raman signals that allows analysis with much higher sensitivities. In this overview, Raman spectral analysis and imaging of cells and
tissues - experimental techniques and theoretical approaches will be discussed including our own expertise using also our home made Raman
probes.
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The surfaces of many hollow or tubular tissues/organs in our respiratory, gastrointestinal, and urogenital tracts are covered by mucosae with
folded patterns. The patterns are characterized by uniaxial and biaxial folds, and induced by mechanical instability of the mucosa under
compression due to constrained growth. Recapitulating this folding process in vitro will facilitate the understanding and engineering of mucosa
in various tissues/organs. However, scant attention has been paid to address the challenge of reproducing mucosal folding. Here we mimic the
mucosal folding process using a cell-laden hydrogel film attached to a pre-stretched tough-hydrogel substrate. The cell-laden hydrogel
constitutes of human epithelial cell lining on stromal component to recapitulate the physiological feature of mucosa. Relaxation of the prestretched tough-hydrogel substrate applies compressive strains on the cell-laden hydrogel film, which undergoes mechanical instability and
evolves into uniaxial and biaxial morphological patterns. We predict the conditions for mucosal folding as well as the morphology of and strain
in the folded artificial mucosa using a combination of theory and simulation, and the results are verified by cell culture experiments. We further
demonstrate the function of the folded mucosa by analyzing cell deformation in response to the stretching of substrate that mimics the process
when a tissue/organ such as stomach or bladder expands its luminal diameter. Our results show unfolding of the folded mucosa can
accommodate the high stretch generated from the substrate compared with the stretching of flat mucosa, the former of which displays less
severe nuclei deformation and preserves cell membrane integrity. This illustrates the important role played by mucosal folding. The work not
only provides a simple method to fold artificial mucosa but also demonstrates a new paradigm in tissue engineering via harnessing mechanical
instabilities of cell-laden scaffolds.
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The mechanical properties of the extracellular matrix (ECM) regulate the function of many cell types. Apart from matrix stiffness, the ligand type
and the degree of binding of a protein to a surface has been proposed to be involved in cell differentiation1. Here tested the hypothesis that
the distance at which cells are able to sense an underlying rigid material through a compliant hydrogel is influenced not only by the matrix
stiffness but also by protein tethering and ligand type.
To develop ECMs that vary in thickness, protein tethering and ligand type, we sulpho-SANPAH cross-linked a fibrous protein: collagen (Col) or
globular protein: fibronectin (Fn) to polyacrylamide (PA) hydrogels of E = 1 kPa and varying in thickness (1-1000 μm). MG63 osteosarcoma
cells were seeded on gels and allowed to form colonies for 6 days. Cell characteristics such as cell density and cell spreading area were
measured by microscopy.
Both single cell and colony spreading decreased exponentially with increasing hydrogel thickness. On Fn-coated PA hydrogels, single cells start
to sense an underlying rigid surface at a thickness of ~10-15 µm with a half maximum response at 3.5 µm. In contrast, on Col coated PA
hydrogels single cells start to sense at ~200-210 µm, with a half maximum response corresponding to 99.3 µm. In cell colonies (area = 0.040.4 mm2), the area occupied by a cell within a colony (a measure of colony spreading) was significantly greater on Col versus Fn cross-linked
PA hydrogel (p = 0.0269 at 100 µm and p < 0.0001 at 200 µm thickness). Measurements of colony spreading indicated that equally-sized
colonies feel 10 times further through PA gels on Col compared to Fn-coated gels.
This study demonstrates that a fibrous ECM protein (Col) amplifies the depth at which cells sense an underling rigid substrate. We suggest
that fibrous matrix proteins anchor at multiple tethering points within the PA hydrogel, and enable cells to mechanosense at greater distances
compared to globular matrix proteins.
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Optimizing the design of EngNT conduits to promote neurite growth in a peripheral nerve injury in silico model
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Peripheral nerve injury (PNI) affects 1M people in Europe and the USA p.a.1 Patients experience debilitating symptoms associated with loss of
end-organ function and morbidity.1 Consequently, patients require long-term care resulting in large costs to national health services of the order
of 100 billion $/year in the USA.2
The gold standard treatment for large gaps aims at establishing a connection between proximal and distal nerve stumps through microsurgical
autografts.3 Although there have been many advances in this procedure the clinical outcomes are still poor with 50% patients unable to
experience functional recovery.3 Furthermore, autografts result in donor site morbidity and limited tissue is available. To address these
concerns Engineered Neural Tissue (EngNT) has been developed, which provides anisotropic cellular hydrogels that mimic features of the
autograft.3 However, the efficiency of these constructs depends on cell-material combinations, and their spatial distribution within constructs.4
Parsing through the different options experimentally has proven to be costly and time consuming, for example over 70 different materials have
been proposed to date.4 Such an iterative process could be optimized by the introduction of computational simulations of PNI.
Here a discrete-continuous mathematical model is proposed where EngNT design is optimized to promote neurite growth. Neurites are
modelled following a cell tip random walk model, with the neurite orientation informed by haptotactic and chemotactic cues. The model is
used to test different therapeutic strategies, which include haptotactic and chemotactic gradient distributions and biomaterial conduits. In vivo
neurite counts at the proximal and distal stumps were used to validate the predictions of the model, which can then inform new construct
designs alongside experiments to test them. In conclusion, this work is the first step in a workflow by which experimental and in silico models
of PNI are refined in tandem.
Chen, Shan-lin, et al. Neural regeneration research, 10, 11, 2015.
Grinsell, D., and C. P. Keating. BioMed research international 2014, 2014.
3
Georgiou, M., et al. Biomaterials, 34, 30, 2013.
4
Angius, D., et al. Biomaterials, 33, 32, 2012.
1
2

488

a92934

02-P397

Mechanical Stimulation Device for Spherical Micro-Muscular Tissues
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Tissue engineering therapy is one of most promising approaches to treat a severe cardiac disease. In the cardiac tissue engineering,
cardiomyocyte differentiated from pluripotent stem cells (ex. iPS cells) are cultured three-dimensionally to reconstruct the cardiac tissue. Reaggregated cardiomyocyte culture (“cardiomyocyte ball”) could be a superior method, however, the tissue maturation is not sufficient to
generate physiological cardiac traction forces. In order to solve this problem, this study focuses on the culture method applying mechanical
stress on the spherical aggregated myocytes.
The purpose of this study is to develop the cell culture device to impose mechanical stimulation on the spherical micro-muscle tissues and to
mature the reconstructed tissues. Mechanical stimulation was imposed on the spherical micro-tissues using the device which has smaller holes
in diameter than the spherical tissues to aspirate and deform the tissues. Collagen-gel beads containing myoblasts were cultured to reconstruct
the spherical micro-muscle tissues. The effects of mechanical stimulation on tissue regeneration (cell proliferation, differentiation to myotubes)
were evaluated. Total DNA content were measured to evaluate the cell number in the cultured tissue and histological and
immunohistochemical staining were performed to evaluate the tissue maturation. As a result, the cell proliferation has decreased whereas the
myo-differentiation and the orientation of myocytes were promoted in the reconstructed tissue subjected to the mechanical stimulation. From
these results, it was suggested that the reconstructed muscle tissues could be matured by our novel culture device with the mechanical
stimulation to spherical micro tissues.
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1

The field of tissue engineering offers new therapeutic avenues for treatment of cartilage injuries by using 3D printed materials and patient's
stem cells. Mechanical resistance to stress is a key element in cartilage tissue engineering as the regenerated tissue needs to be able to sustain
the loads applied on the joint.
A hydrogel (10% GelMa-2% HAMa) was synthesized and bioprinted in combination with human Adipose-Derived Stem cells isolated from
InfraPatellar Fat Pad of donor patients1,2. The bioprinted samples were cultured for 8 weeks in basal and chondrogenic media. Displacementcontrolled unconfined compression was performed at week 0, 4, and 8 using a TA Electroforce 5500 mechanical loading device and the
compressive modulus was computed (10-15% deformation). Complementarily, AFM nanoindentation was performed at week 8 using a contact
mode cantilever with nominal stiffness of 0.2 N/m. The Young's Modulus was obtained using the Hertz indentation model. Histology was also
performed after mechanical testing.
The overall stiffness of the samples did not change over time, as well as the overall volume of the samples. However, AFM nanoindentation
revealed a significant increase in Young's modulus at the surface of the bioprinted hydrogels after 8 weeks in culture.
Chondrogenic stimulation lead to the generation of a stiffer surface on the bioscaffold compared to control standard condition that was not
detected in the unconfined compression tests. These results, combined with observations from histology, also indicate the superficial
accumulation of functional chondral ECM components, possibly while deeper cells are attempting to remodel the scaffold before depositing
matrix.
These results are demonstrating the importance of the mechanical testing to assess the mechanical function of the regenerated cartilage,
complementarily to the observation of microscopic tissue growth.
References
1. O’Connell C. D. et al. Biofabrication 8, 15019, 2016.
2. Duchi S. et al. Scientific Reports 7, 5837, 2017.
Acknowledgements
This work was supported by Arthritis Australia – Zimmer Australia Grant, the Victorian Orthopaedic Research Trust, and St Vincent’s Hospital
(Melbourne) Research Endowment Fund.
489

a91053

02-P399

Effects of Fluid Shear Stress and Melatonin on 3T3-L1 Preadipocytes

Jeongkun Lee，Yeong Hun Lee，Chae Lim Park，Hee Won Jin，Seohyun Lee，Chi Hyun Kim
Biomedical Engineering, Yonsei University, Korea

Obesity is a worldwide disease caused by the excessive proliferation of adipocytes. Physical loading is an important regulator of fat tissue. It is
known that giving mechanical stimulus, such as Fluid Shear Stress (FSS), may inhibit the proliferation and differentiation of adipocytes. In
addition, some studies have been conducted to elucidate whether melatonin treatment induces apoptosis on 3T3-L1 preadipocytes. Here, we
studied how preadipocytes are affected when both FSS and melatonin are given at the same time. Preadipocytes were cultured in Dulbecco’s
modified eagle’s medium (DMEM) using 5% calf serum at 37℃ in a humidified 5% CO₂ incubator. For physical loading, preadipocytes were
stimulated with a maximum dynamic fluid shear stress of 1 Pa at 1 Hz for 2 hours with/without melatonin. The groups were divided into four
groups; the control, melatonin treatment of 1 mM, FSS only, and combination of FSS and 1 mM melatonin. All groups had a fixed duration time
of 2 hours. ERK, p-ERK, COX-2, caspase-3, PPAR gamma and C/EBP beta proteins were assessed by Western blot analysis. GAPDH was used as
a control. We found that the combined FSS and melatonin treatment activated the EKR/MAPK pathway but not COX-2. Furthermore, the
expression of caspase-3 was increased when the melatonin treatment was given while FSS decreased this activation. Combination of FSS and
1mM melatonin group significantly decreased PPAR gamma and C/EBP beta compared to other groups. In summary, we suggest that both FSS
inducing exercise and melatonin treatment may help treat obesity by inhibiting adipogenesis.
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A new Miniaturized Optically Accessible Bioreactor to investigate the microbiota-gut-brain axis: magnetic
characterization of the chambers
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In the last decades, an intriguing concept referred as microbiota-gut-brain axis suggests a connection between our intestinal microflora, named
microbiota, and neurodegenerative disorders. Recently, an ERC project named MINERVA has been funded with the aim of developing the first
engineered microbiota-gut-brain platform to investigate the hypothesis of such connection. The platform will be based on several organ-on-chip
millifluidic devices that model the individual biological systems involved in the microbiota-neurodegeneration axis, connected between each
other. As the first step towards the goal of engineering the entire platform, we developed a Miniaturized Optically Accessible Bioreactor
(MOAB) that represents the basic functional unit of the organ-on-chip platform MINERVA. The MOAB has already been extensively validated for
advanced cell modelling in several fields including neuroscience [1] and cancer [2]. Perfusion, accommodation of 3D cellularised constructs [3]
and optical accessibility to fluorescence diagnostics [4] are its three main features. In this work, we performed an experimental analysis on the
MOAB to investigate the influence on cell viability and growth of the static and closed magnetic field produced by the magnets. Such magnets
are used to push the elastomeric seal that guarantees against leakage from the culture chambers. We used a MOAB without magnets as
control. We seeded cells of the neuroblastoma cell line SHSY-5Y on 3D miniaturized scaffolds. We assessed cell viability by MTS assay and cell
proliferation by trypan blue dye, at 48 hours of perfused cell culture in the MOAB and in the control bioreactor. The magnetic field intensity to
which the cell constructs were exposed inside the chambers, predicted numerically, ranged from 320 to 570 mT. Cell viability and proliferation
resulted comparable between the constructs exposed to the magnetic field and the controls. Given that hydraulic sealing provided by the
magnets resulted significantly greater and that the magnets do not influence cell viability, the MOAB bioreactor with the magnetic closure will
be selected as the basic functional unit for future development of the MINERVA platform.
Acknowledgments
ERC-CoG-2016 - Grant Agreement n. 724734- MINERVA
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External intermittent positive pressurized perfusion improves the organ viability on ex-vivo organ perfusion
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Background and Aim
Ex-vivo organ perfusion through blood vessels has been performed not only in the organ transplant field but also regenerative medicine
research. To perform fabricating organ, few studies have demonstrated the feasibility of developing tissue perfusion systems in vitro for tissue
engineering. However, insufficient perfusion throughout the whole constructs have been problematic and has led to tissue damages. In this
study, to achieve sustainable long-term perfusion, we attempted by creating the ex-vivo external intermittent positive pressurizing system as a
new strategy to improve perfusion organ viability.
Methods
The intermittent positive pressurizing 10 mm Hg was carried out 20 s with an interval of 20 s by gas-driven pressurizing bioreactor system. For
short-term (20 h) perfusion, small intestine was conducted. The small intestine was harvested from 8 - 12 weeks-old rat with artery and vein,
connected to the small intestine chamber. The evaluations were carried out with perfusion ratio and blood-perfused vascular length. For longterm (14 days) perfusion, the skeletal muscle, which was harvested from 8-12 weeks-old luciferase expression rat with artery and vein were
conducted. The evaluations were conducted with perfusion ratio, bioluminescence activity assay and histological analysis.
Results
In the short-term small intestine perfusion, the pressurizing group was perfused blood over the entire surface of the small intestine and did not
show significant difference in blood-perfused vascular length between top and bottom surfaces, meanwhile the control group the length was
significantly shorter in a top than the bottom. In the long-term skeletal muscle perfusion, the perfusion ratio of pressurized group was
significantly increased than the control group. In the bioluminescence imaging assay after 14 days perfusion, the pressurized group showed
significantly higher viability than the control group. In histological analyses, the specimens in pressurized group showed that vascular structure
and muscle nuclei were preserved by contrast the control group. These results revealed that external intermittent pressurized perfusion
improves organ viability because of uniform distribution of perfusable blood vessels.
Conclusion
External intermittent positive pressurization perfusion by gas-driven pressurizing bioreactor should contribute to the efficient preservation of
donor organs and innovative perfusion culture of bioengineered organs.
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Coupling X-ray contrast-enhanced – CT to perfusion bioreactors for on-line tissue engineering construct
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The field of bone tissue engineering (TE) is still facing challenges for the robust production of large and high-quality products. A major reason
for this is the lack of technologies that can allow an accurate characterization of structurally complex constructs comprised of multiple material
phases such as the ones encountered in TE applications. In perfusion bioreactors, cells grow in 3 dimensions, forming a neo-tissue phase (cells
+ extracellular matrix) in addition to the scaffold material. Perfusion of the culture medium through the entire scaffold enhances nutrient
delivery to the cells. However, volumetric growth kinetics of these neo-tissues have not been defined yet due to the lack of monitoring and
visualization modalities in bioreactors. This hampers their optimization and the quality control of their processes.
In the past we have shown that contrast-enhanced X-ray computed tomography (CE-CT) could be used as a non-destructive tool for neo-tissue
visualization in an off-line context. In this study, our aim was to enable the coupling of a 3D perfusion bioreactor technology and CE-CT for
online neo-tissue visualization.
For this, we developed a portable, benchtop perfusion bioreactor allowing precise monitoring and controllability of critical process parameters
(pH, dO2 and T°). The bioreactor was designed for future integration within a micro-CT device. 2D cultures of human periosteum derived cells
(hPDCs) were exposed separately to an in-house developed X-ray contrast agent (CA) and to several X-ray doses. No significant effect on the
metabolic activity and differentiation potential of the cells was observed for different CA concentration and staining times. Also, the exposure
to X-rays did not alter the metabolic activity of the hPDCs, even in the highest dose conditions. These results suggest that online perfusion
administration of the CA in the bioreactor is feasible, and that the online exposure of hPDCs to X-rays does not lead to significant changes in
cell proliferation.
In a following step, these two technologies will be combined for 3D constructs going one step further in the development of an online neotissue visualization modality. This will enable the study of neo-tissue growth kinetics as well as the development of new online quality control
readouts for 3D TE constructs.
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Developing of a transparent single-use perfusion bioreactor to allow real-time imaging of the production of tissue
engineered small diameter blood vessels  

Rajesh K. Kampa，Sheila MacNeil
Department of Materials Science and Engineering, Kroto Research institute, University of Sheffield, Sheffield, United Kingdom

Background: In developing small-diameter tissue engineered blood vessels (TEBVs) we ideally require a bioreactor that allows appropriate
perfusion flow while being able to assess the developing blood vessel without compromising its sterility[1]. It would also be desirable to
minimise handling by keeping everything within the same bioreactor including transporting the vessel for transplantation.
Aim: Our aim was to develop a single use transparent perfusion bioreactor in which to grow and evaluate tissue engineered small-diameter
blood vessels using non-destructive real-time in-vitro monitoring.
Experimental: The bioreactor was made out of a transparent biocompatible polyvinyl chloride (PVC) bag with 3 inlets and 3 outlets designed
for fluid perfusion. Tubular electrospun scaffolds comprising an inner layer of PHBV nanofibres and an outer layer of PLA microfibres of 3.5 cm
length and 4.7mm internal diameter were cannulated and placed within this bioreactor and perfused with cell media at flow-rates ranging from
60µl/min to 12ml/min. To establish nondestructive methodology for assessing the development and function of TEBVs we initially used excised
rabbit vessels of 4.5mm inner diameter. Some of these were deliberately damaged internally with respect to the endothelial intima. We then
used a Cellvizio S-1500 fluorescent probe to examine the integrity of the endothelium.This probe could pass down the blood vessels and
detect areas of damage to the intima. We also used fluorescently labelled dextran to examine the integrity of the endothelium-where this was
deliberately damaged then there was leakage of this dye through the wall of the vessel.
Conclusion: We have developed a simple disposable bioreactor bag in which to assemble PHBV/PLA tubular electrospun scaffolds with cells
for the production of TEBVs and we have confirmed the suitability of two non-invasive techniques to assess integrity and leakage of natural
blood vessels using fluorescently labelled dextran. We are now in position to combine these methodologies to establish non-invasive
monitoring of the development of small-diameter tissue engineered blood vessels.
Reference:
[1] F. Berthiaume, T. J. Maguire, and M. L. Yarmush, Annu. Rev. Chem. Biomol. Eng., vol. 2, no. 1, pp. 403–430, 2011.
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INTRODUCTION: Current treatments for non-union bone fractures – auto or allografts, are becoming unsuitable for an aging population
increasingly ailed by diabetes and osteoporosis. Tissue engineering is one option which can meet the demands for cell therapy without the risk
of fracture at the donor site, unlike autografting. Its translation to the clinic requires the development of protocols capable of producing
functional grafts with uniformly-spread, clinically-relevant cell numbers.
A dynamic microcarrier culture is a promising expansion technique which limits the need for passaging, preserves the cell phenotype by
providing the necessary 3D architecture for the cells, and supplies sufficient nutrients and mechanical stimulation.
Characterising the effect of the multiple factors in these cultures (fluid flow, shear force and nutrient availability) on the cells is challenging. We
use mathematical modelling as a highly time and cost-effective tool to build upon the experimental trial-and-error approach and investigate
different culture conditions.
METHODS: The mathematical model is based on a set of coupled differential equations describing cell growth, metabolism, fluid mechanics
and chemical mass transport. Advection-reaction-diffusion equations model the transport of oxygen, glucose and lactate in the system. Nutrient
consumption follows Michaelis-Menten kinetics, and is coupled to lactate production. The logistic growth law models cell proliferation as a
function of the local oxygen concentration and shear force.
The model is solved using finite-element methods in COMSOL Multiphysics. It is parameterised to experimental data from a small-scale in vitro
investigation in 96-well plates. This process identifies coefficients describing cell growth in response to different flow rates and microcarrier
biomaterials.
RESULTS: This parameterised model is used to simulate various culture conditions – seeding cell number, culture duration, flow regime and
culture vessel geometry.
The model is predictive and informs appropriate in vitro settings to scale up the production of this tissue engineering protocol. Within the
context of obtaining stem cells by bone marrow aspiration, we also propose a biomaterial which minimises the seeding number, allowing a less
invasive procedure.
CONCLUSIONS: This work demonstrates the power of mathematical modelling to augment tissue engineering experimentation.
ACKNOWLEDGEMENTS: This project is funded by the Rosetrees Trust.
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The study of manufacturing technique of hollow fiber bioreactor for tissue engineering  
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Bioreactor used for providing nutrients and oxygen with balanced distributions to cells or to tissues. There are various types of tissue culture
bioreactors for helping cell survival and enhancing tissue specific characteristics. However, cell expanding bioreactor is suggested in relatively
simple concepts, such as spinner flask, multilayered plates or hollow fiber module. Hollow fiber bioreactors [1] can be the used for cell
expansion or artificial organ themselves by mimicking the native vasculature in living tissues. However, the practical application was hindered
because hollow fiber module manufacturing technique is too complicated to make in the laboratory scale. In this study, we developed simple
manufacturing technique of hollow fiber bioreactor for tissue engineering applications. The bioreactor module was designed cylindrical
configuration filled with polymethylpentene (PMP) hollow fibers. The PMP membrane has relatively high wetting resistance that is essential for
long-term functionality as a bioreactor. The hollow fiber membrane module bioreactor can be used both as a scaffold for cell and as an oxygen
supply route. In order to hold membranes and prevent leakage, we sealed the membranes (so-called ‘potting’) with resin using centrifugal
force. To verify our hollow fiber bioreactor, mesenchymal stem cells were seeded in the bioreactor module [2] and cultured for a
predetermined period. The cultured cells proliferated in high population density. This result can be applied to highly efficient cell production
system or functional bioartificial organ systems such as artificial liver, kidney, and pancreas.
References：
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Nutrient Flow and Cell Growth inside a Simplified Model of Hollow Fibre Membrane Bioreactor fitted with
Deformable Scaffold  
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A unidirectional model is developed for fluid flow, nutrient transport and cell growth equation inside a simplified model of hollow fibre
membrane bioreactor (HFMB). The model is simplified by excluding the porous membrane bisecting the lumen and scaffold (Extra cellular
matrix or ECM) form the geometry. The scaffold is assumed to be bio-degradable and deformable in nature since most of the products which
are used to manufacture the scaffold are deformable in nature. In order to deal with the deformation of the solid phase and fluid phase inside
the scaffold, we adopt biphasic mixture theory equations which are derived from the theory of mixtures. The flow inside the lumen is governed
by Stokes equation. Advection-diffusion-reaction equation is used for the mass balance of the nutrient within the scaffold region. Cell growth is
modeled as a function of nutrient concentration using the Contois equation which accounts for contact inhibition. We use asymptotic methods
to reduce the system (lubrication approximation) to obtain leading order nutrient concentration. This leads to a coupled system of partial
differential equations (PDEs) with time dependent variables. Laplace transformation is used to deal with time dependent terms and Durbin’s
algorithm was used to retrieve time dependency. With this model, we are able to investigate the outreach of nutrients inside the scaffold
region which further help to observe the growth of cells at a particular time. The reaction rate of different cells based on available experimental
data is used to study the effect on nutrient concentration. The factors which affect the nutrient concentration are lumen radius, porosity and
permeability of the scaffold, Thiele modulus, pressure gradient etc. Total mass transfer rate is computed to analyze the movement of nutrient
supply in each cross-section of the bioreactor.
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Analysis of Cell Proliferation with Nutrient Transport inside a Hollow Fibre Membrane Bioreactor Containing
Deformable Scaffold
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Tissue engineering deals with the development and growth of cells to obtain tissue structure or organs. The objective of this study is to provide
a mathematical model of HFMB bioreactor accounting deformation of scaffold so that a uniform distribution of nutrient concentration can be
supplied to each part of the bioreactor. A 2-D model for fluid flow, nutrient transport and cell proliferation is developed where the flow is
described using Stokes, Darcy and mixture theory equations in the lumen, porous membrane and scaffold, respectively. Nutrient balance inside
the lumen as well as in the porous membrane is described by advection-diffusion equation while the corresponding transport within the
scaffold region is governed by advection-diffusion-reaction equation. In account of contact inhibition among cells, Contois equation is used to
describe the cell growth which depends on the nutrient concentration. We use lubrication theory to reduce the system exploiting the small
aspect ratio of the bioreactor. The effect of the fluid velocity and the solid displacement is analyzed with varying pressure gradient, porosity,
permeability of the scaffold region. The convection in the nutrient balance equation is affected by the composite velocity inside the scaffold
region. Reaction rate of different cells based on available experimental data is used to study the effect on nutrient concentration. We analyse
the results considering the factors affecting the nutrient concentration which are lumen radius, porosity and permeability of the scaffold, Thiele
modulus, pressure gradient etc. Different cells were used to study the variation in reaction rate (from experimental literature) and its effect on
the nutrient concentration. The thickness of the scaffold region, porous membrane and the lumen region affects the nutrient transport and cell
proliferation inside the extra cellular matrix (scaffold). We optimize the scaffold thickness in order to achieve optimum amount of nutrient
transport and cell growth inside the bioreactor.
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A cell sheet self-assembly approach was historically first employed for development of tissue-engineered vascular graft. Then micro-tissue
agglutination was developed for clinical applications, however, it had a number of complicated processing steps and turned to be hard to
scale. There is still much room for development of the robust yet practical tissue culture systems design. For vascular grafting we have to aim
for (1) the high flexibility of the tissue reservoir allowing dynamic stretching, (2) easy seeding of cells and extraction of tissues, (3) real time
three-dimensional imaging, (4) maintenance of metabolic activity of tissues. In our study, we attempted to solve these problems designing in
vivo-like culture chamber made of PDMS(polydimethylsiloxane), and developed an integrated system with a perfusion bioreactor and a digital
microscope. First, a polyacetal mold was prepared where PDMS was casted. The single-use chamber we developed was transparent,
autoclave-sterilizable, non adhesive, and had low autofluorescence. The polyacetal mold made it possible to prepare a chamber hosting the
tissue of the desired shape and size. In our case, the interior of the chamber was set as a cylindrical space with a 3 mm diameter and a 30 mm
height. A porous tube having a 2 mm outer diameter made from PTFE was fixed inside the chamber, and the space between the tube and the
chamber became a tubular shape with a thickness of 0.5 mm. It could accommodate one to several layers of cell spheroids. Perfusion of the
media within the porous tube continuously supplied the nutrients and oxygen to the spheroids. Growth and fusion of the cell spheroids inside
the chamber can be observed real time by the small digital microscope, and analyzed retrospectively by time-laps movies. We managed to
load up to 180 goat fibroblast spheroids with a diameter of 450 to 500 μm into the system; growth, development and morphological fusion of
the spheroids were followed out for 3 weeks, and terminal staining with Calcein AM/ Ethidium confirmed high survival rate inside the cell
cartridge. Removal of the tissue without disturbing its structural integrity was possible, and histological examination suggested reasonable
fusion degree between spheroids.
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Objective—To evaluate effectiveness of zirconia porous three-dimensional microwell substrata for chondrogenic differentiation of equine
bone marrow-derived mesenchymal stem cells (BMMSCs) in vitro.
Sample— Cryopreserved equine BMMSCs from five thoroughbred horses.
Procedures—8×105, 2×106, and 5×106 cells were cultured on zirconia microwell substrata.with BMMSC culture medium for formation of
equine BMMSC clusters. After 4 days, the medium were replaced by chondrogenic culture medium. After chondrogenic culture for 7, 14 and 21
days, gene expression measurement of Type 2 collagen alpha 1 gene (COL2A1) and observation of chondrogenic aggregates by scanning
electron microscopy (SEM) were performed. Histlogical evaluation by immunohistochemical staining (Type Ⅱ collagen) were performed after
chondrogenic culture for 7 days.
Results—The expression of COL2A1 (major hyaline cartilage specific gene) on day 7 with 5 × 106 cells was significantly higher than
conventional pellet culture. SEM showed size-controlled cell clusters and increasing extracellular matrix over time.
Conclusions and Clinical Relevance—The zirconia porous three-dimensional microwell substrata enabled the formation of size-controlled
equine BMMSC clusters, and promoted chondrogenic differentiation of equine BMMSCs, leading to the enhancement of equine cartilage repair.
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Taking Medium and Cell Samples out from the Inside of an Isolator without Breaking the Sterile Environment

Hodaka Makino1，Tetsuya Ogawa1，Yuki Kagawa1，Hirotsugu Kubo1，Kazuhiro Fukumori2，Manabu Mizutani2，Masahiro Kino-oka2，Naoki Kobayashi1
Ogino Memorial Laboratory, Nihon Kohden Corporation, Tokyo, JAPAN，2Department of Biotechnology, Osaka University, Osaka, JAPAN
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For industrialization of regenerative medicine, an automated cell manufacturing system adopting isolator technology has been developed.
While many cell culture processes are performed in sterile environment made by the isolator, some processes, such as counting live cells at the
time of subculture, or biochemical analysis of culture medium at the time of medium exchange, are desired to perform in the outside of the
isolator. To bring samples of live cells or culture media to the outside without breaking the sterile environment, we have to follow the carrying
in and out processes via the pass box. However, these processes include complicated time-consuming operations, such as decontamination of
the pass box and the interfaces. Here, we have developed an apparatus that enable us to bring the medium and/or cell samples, which can be
used for various analyses in non-sterile space, to the outside of an isolator without breaking its sterile environment. With this sampling
apparatus, the sterile environment is secured by maintaining a unidirectional liquid flow from the inside to the outside of the isolator. To
confirm that the sterile environment does not break when medium and cell samples are taking out from the inside of the isolator by using this
sampling apparatus, we are now trying to install this apparatus in an isolator-type automated cell manufacturing system and to perform cell
culture processes. The results will be presented at the conference.
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Oxygen levels strongly influence metabolic parameters of the human amniotic mesenchymal stromal cells in vitro

Susanne Wolbank1,2，Asmita Banerjee1,2，Adelheid Weidinger1,2，Andrea Lindenmair1,2，Simone Hennerbichler2,3，Ralf Steinborn4，Andrey V Kozlov1,2，
Heinz Redl1,2

Ludwig Boltzmann Institute for clinical and experimental Traumatology /AUVA research center, Vienna, Austria，2Austrian Cluster for Tissue Regeneration, Vienna, Austria，3Red Cross Blood
Transfusion Service for Upper Austria, Linz, Austria，4Genomics Core Facility, VetCore, University of Veterinary Medicine, Vienna, Austria
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The human amniotic membrane (hAM) has been used for tissue regeneration for over a century. Recent studies have shown that mitochondria
are intricately involved in tissue regeneration. In former studies, we showed different mitochondrial activity in reflected and placental amnion,
suggesting a different therapeutic potential. In vivo, cells of the hAM are exposed to low oxygen tension (3 – 5%), while in vitro conditions for
viable hAM or cells thereof usually exhibit high oxygen tension (20%). Since mitochondrial function is strongly linked to oxygen tension, we
tested the influence of oxygen tension on mitochondrial parameters of freshly isolated amniotic cells. Furthermore, as anti-inflammatory
properties of the hAM could be crucial in a clinical transplantation situation, we also measured parameters linked to inflammation.
Human amniotic mesenchymal stromal cells were isolated from placentae and incubated for 4 days at low and high oxygen tensions.
Measurement of mitochondrial activity was performed with high-resolution respirometry Oxygraph-2k (Oroboros Instruments, Austria), and
cytokine levels were assessed with Human ProcartaPlexTM Simplex Kit (ThermoFisher Scientific, USA).
We found high oxygen tension to strongly increase mitochondrial oxidative phosphorylation, especially in placental amnion. This was
supported by significantly increased mitochondrial DNA copy numbers per cell in placental amnion at high oxygen tension. Interestingly,
oxygen tension did not influence levels of reactive oxygen species (ROS), however, placental amnion showed lower levels of ROS, independent
of oxygen levels. In contrast, the release of nitric oxide, a reactive nitrogen species, was elevated with higher oxygen tension but independent
of the amniotic region. Placental amnion secreted higher amounts of immuno-active substances (e.g. HGF, IL-10, IL-6). Additionally, IL-6 and IL10 was significantly increased at high oxygen tension.
Increased oxidative phosphorylation, due to exposure to high oxygen tension may alter cellular differentiation and proliferation potential. Our
data show that high oxygen tension leads to a “pro-inflammatory state” in terms of IL-6 and NO release, concomitant with increased levels of
anti-inflammatory IL-10. We hence propose that the full therapeutic potential of viable hAM for tissue engineering and regenerative medicine
can only be exploited if its microenvironment is carefully chosen and monitored.
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Wettability assessment based on liquid behavior by air-jet application and polysaccharide distribution on tissue
surface  

Nobuyuki Tanaka1，Junko Takahara1，Akane Awazu1，Yoshihide Haruzono2，Hiromitsu Nasu2，Yo Tanaka1
RIKEN，2KITAGAWA IRON WORKS
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We have developed a method for assessing the surface wettability of cellular tissues via the behavior of liquid covering the surface by air-jet
application (N. Tanaka et al., Biomaterials, 2013. and N. Tanaka et al., ROBOMECH J., 2017). The previous study has reported that the
presence of glycoprotein is speculated to enhance its surface wettability. This study discussed the relationship between the surface wettability
of cultivated tissues and polysaccharides on tissue surfaces, through both wettability assessment and polysaccharides staining.
Confluent 60-mm dishes of fetal rat skin keratinocyte cell line FRSK, human cervix epithelial-like carcinoma cell line HeLa, bovine carotid artery
normal endothelial cell line HH, mouse bone marrow stroma-derived cell line ST2, mouse teratocarcinoma derived cell line ATDC5, mouse
skeletal myoblast cell line C2C12 were prepared. The wettability of tissue was assessed by the behavior of culture medium covering the tissue
on the dish by air-jet application. Normally, the medium is squeezed out circularly during air-jet application and the size of squeezed circular
area and the time of liquid recovery after the stop of air-jet application are inversely correlated to the surface wettability. For detecting
polysaccharides on the cultivated tissues, Alcian blue and periodic acid-Schiff staining methods were performed after the tissue fixation with
paraformaldehyde.
As a result, each type of cells has the particular time of liquid recovery, instead of no significance on liquid squeezed size. Monitoring the
staining results, the difference of staining concentration was observed. Although the liquid recovery time does not always represent the staining
concentration, the surface wettability might be used for an index to determine the cell type and evaluate tissue quality in intact condition.
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Flatbed cell monitoring system for daily cell quality control

Minami Masumoto1，Tatsuya Osaki2，Yuka Shimazu1，Dina Mysnikova1，Shintaro Takahashi3，Shinichi Takimoto3，Junji Fukuda1
1
Faculty of Engineering, Yokohama National University, Yokohama, Japan，2Department of Mechanical Engineering, Massachusetts Institute of Technology，3Optical System Development
Division, R&D Group, OLYMPUS Corporation, Hachioji, 192-8507, Japan

Consistent cell preparation is a fundamental preliminary step for understanding complex cellular mechanisms in various cell-based research
fields, including tissue engineering and regenerative medicine. However, certain elusive factors, such as cellular de-differentiation and
contamination with mycoplasma or other types of cells, have compromised the reproducibility and reliability of cell-based approaches. Here,
we propose an epi relief-contrast cellular monitoring system (eRC-CMS) that allows images of cells in a typical culture plate to be acquired,
stored, and analysed for daily cell quality control (T. Osaki, et al., Sci. Rep. 7, 1897, 2017). Due to its full flatbed nature and automated system,
cells placed at any location on the stage can be analysed without special attention. Using this system, changes in the size, circularity, and
proliferation of endothelial cells in subculture were recorded. Analyses of images of ~9,930,000 individual cells revealed that the growth
activity and cell circularity in subcultures were closely correlated with their angiogenic activity in a subsequent hydrogel assay, demonstrating
that eRC-CMS is useful for assessing cell quality in advance. We further demonstrated that eRC-CMS was feasible for the imaging of neurite
elongation and spheroid formation, and analysis of many different types of cells. This system may provide a robust and versatile approach for
daily cell preparation to facilitate reliable and reproducible cell-based studies.
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Exploration of humoral factor related to cartilage regeneration produced by polydactyly-derived chondrocyte
sheets and adult chondrocyte sheets

Miki Maehara1，Masato Sato1，Eriko Toyoda1，Takumi Takahashi1，Eri Okada1，Takehiko Takagi1，Tadashi Akamatsu2，Hidenori Akutsu3，
Masahiko Watanabe1
1
Department of Orthopaedic Surgery, Surgical Science, Tokai University School of Medicine, Kanagawa, Japan，2Department of Plastic Surgery, Surgical Science, Tokai University School of
Medicine, Kanagawa, Japan，3National Center for Child Health and Development, Tokyo, Japan

Objective: Previously, we demonstrated in a clinical study that autologous chondrocyte sheets may be effective in regenerating hyaline
cartilage. Currently, we are undergoing a clinical study using allogeneic chondrocyte sheets (PD sheets) fabricated from polydactyly-derived
chondrocytes. Potential cartilage regeneration mechanisms of chondrocyte sheets include the paracrine effect induced by humoral factors
produced by chondrocyte sheets themselves. We previously performed a comprehensive analysis using SOMAscan™ of the humoral factors
produced by adult chondrocyte sheets (TKA sheets) fabricated from surgical remains of total knee arthroplasty, and searched for factors that
may contribute to cartilage regeneration. In this study, we quantified such humoral factors detected through SOMAscan™ in PD sheets and TKA
sheets.
Methods: PD sheets (11 boys, 5 girls; avg 13.6 mo) and TKA sheets (8 men, 12 women; avg 76.2 y) were fabricated as previously reported and
further cultured in fresh media for 72 h, after which culture supernatants were collected. Through previous analysis by SOMAscan™, 12 kinds of
cartilage-related factors (TGFβ1, MIA, TIMP1, STC1, IGFBP4, IGFBP7, MMP3, THBS2, DKK1, bFGF, sFRP3, HAPLN1) were identified, and here
they were quantified using ELISA kits. PD sheets and TKA sheets were also harvested for RNA extraction and analyzed by microarray to confirm
the gene expression of these cartilage-related factors.
Results: TIMP1, MIA, IGFBP4, and IGFBP7 were detected at similar levels in both sheets. STC1, MMP3, bFGF, sFRP-3, and HAPLN1 were higher
in TKA sheets (p<0.05), and TGFβ1, THBS2, and DKK1 were higher in PD sheets (p<0.05). Microarray analysis also confirmed the expression
of these cartilage-related factors. Notably, THBS2 and DKK 1 were upregulated by more than 10-fold in PD sheets.
Discussion and Conclusion: We quantified and compared in PD sheets and TKA sheets the cartilage-related factors identified through
SOMAscan™ analysis. THBS2 is known to contribute to cartilage differentiation and has been reported as a cartilage differentiation marker in
mesenchymal stem cells. DKK1 is a known inhibitor of Wnt signaling involved in cartilage hypertrophy. These cartilage anabolic factors may be
contributory factors to the efficacy of chondrocyte sheets. We will confirm the relationship between the identified cartilage anabolic factors
and hyaline cartilage regeneration, leading to the elucidation of cartilage regeneration mechanisms.
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Cryopreservation of Bioengineered Cell Sheet by Vitrification      
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1

We have previously demonstrated a proof-of-concept for cryopreserving bioengineered cell sheet using a novel vitrification procedure
(Maehara et al., BMC Biotech., 2013). In this study, we aimed to develop a prototype procedure for the clinical/industrial application of the
vitrified cell sheet.
Nine rabbit chondrocyte cell sheets cultured in temperature-responsive dishes (UpCell, CellSeed, Tokyo) with RPMI-1640 containing 10%
fetal bovine serum were used for vitrification and non-vitrified controls. Each double-layered cell sheet was held between two nylon meshes
(50 × 50 mm; wire diameter, 95 μm; mesh aperture, 140 μm) and placed in a polyethylene bag (110 × 85 mm; film thickness, 0.063-0.064
mm; SANPLATEC CORP.) attached with inflow and outflow tubules (Teflon; inner diameter, 1.2 mm). The previously published vitrification
procedure in which a cell sheet was treated with a series of equilibration/vitrification/thawing solutions (EVTSs) in a stepwise manner was
modified and the cell sheet was treated by consecutive flushing of the EVTSs in a storage bag equipped with an inflow/out flow channel. After
equilibration in the presence of 10% ethylene glycol and 10% DMSO, the equilibration solution was replaced with the vitrification solution (VS)
containing 20% ethylene glycol, 20% DMSO, 10% COOH-PLL and 0.5M sucrose. The cell sheet was then vitrified in liquid nitrogen vapor with
minimum volume of the VS. After thawing on a 45℃ heating plate, the cell sheet was treated by consecutive flushing of the thawing solution
(1M sucrose), dilution solution (0.5M sucrose), and washing solution (isotonic medium). Recovered cell sheets were evaluated for
morphological integrity and cell survival by trypan blue staining.
All three vitrified cell sheets were recovered without visible damage. Cell survival rate (89.1%) in the vitrified cell sheet was the same as
those of controls (previously published vitrification method: 88.0%, n=3; non-vitrified: 88.0%, n=3).
These data demonstrated that the prototype procedure using a flushing package enables efficient and reliable vitrification of bioengineered
cell sheets.
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Regeneration of Tracheal Epithelium Using Human iPS Cell-derived Multi-ciliated Airway Cells with a
Bioengineered Trachea
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Ibaraki, Japan，4Department of Bioartificial Organs, Institute for Frontier Life and Medical Sciences, Kyoto University, Japan

Objectives:
Our group has developed a bioengineered trachea made of polypropylene and collagen sponge. The results of clinical application showed
that sufficient epithelialization on the luminal side took considerable time after reconstruction. To complement the endotracheal lumen with
airway epithelial cells in the early postoperative stage, we investigate the potential of tracheal regeneration by transplanting human induced
pluripotent stem cell-derived multi-ciliated airway cells (hiPSC-MCACs) with a bioengineered trachea.
Methods:
The induction of hiPSC-MCACs1,2 was demonstrated on collagen vitrigel, a biocompatible and absorbable scaffold. Analyses of hiPSC-MCACs
were performed by immunocytochemistry, electron microscopy, and ciliary beat frequency. For a functional evaluation of transplanted cells in
the tracheal tissue, hiPSCs expressing fluorescent protein were also used. Along with the bioengineered trachea, hiPSC-MCACs were
transplanted into surgically created tracheal defects of immunodeficient rats. The survival of transplanted cells was histologically evaluated at 1
and 2 weeks after transplantation.
Results:
The hiPSC-MCACs exhibited motile cilia on collagen vitrigel membrane. The surviving hiPSC-MCACs were observed in the endotracheal
epithelium of the tracheal defect at 1 and 2 weeks after transplantation.
Conclusions:
In this study, hiPSC-MCACs were induced on collagen vitrigel membrane, and our method enabled the survival of MCACs at the endotracheal
epithelium in the tracheal defects of immunodeficient rats. This method using hiPSC-MCACs is a feasible approach for the epithelialization of
tracheal defects and represents a novel option for tracheal reconstructive surgery.
References:
1. Gotoh, S., Ito, I., Nagasaki, T., Yamamoto, Y., Konishi, S., Korogi, Y., Matsumoto, H., Muro, S., Hirai, T., Funato, M., Mae, S., Toyoda, T., SatoOtsubo, A., Ogawa, S., Osafune, K., and Mishima, M. Generation of alveolar epithelial spheroids via isolated progenitor cells from human
pluripotent stem cells. Stem Cell Reports 3, 394, 2014.
2. Konishi, S., Gotoh, S., Tateishi, K., Yamamoto, Y., Korogi, Y., Nagasaki, T., Matsumoto, H., Muro, S., Hirai, T., Ito, I., Tsukita, S., andMishima, M.
Directed Induction of Functional Multi-ciliated Cells in Proximal Airway Epithelial Spheroids from Human Pluripotent Stem Cells. Stem Cell
Reports 6, 18, 2016.
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Development of contractile force measurement system for cardiac cell sheet-tissues and optimization of the
tissue fabrication process
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At the early stages of drug discovery, systems that can faithfully reproduce human reactions against test drugs are desired to reduce the drug
development risk and cost. In this study, we have developed three-dimensional myocardial tissue models based on the “cell sheet engineering”
technology and a contractile force measurement system for the engineered tissues, which are applicable to pharmacological toxicity tests. The
myocardial tissues were prepared by using the ”cell sheet engineering” technology. Cardiomyocytes, which were differentiated from human
induced pluripotent stem (iPS) cells, were seeded confluently on temperature-responsible culture dishes and cultured in a CO2 incubator set at
37°C for a few days. Then a fibrin gel base, which was molded beforehand, was layered onto the cultured cardiomyocytes and incubated at
37°C. After the cells adhered to the fibrin gel base, the dishes were transferred to another CO 2 incubator set at 20°C. Because, at this
temperature, the cultured cardiomyocytes spontaneously detached from the dish surfaces as intact sheets without any enzyme, the
cardiomyocyte cell sheet was transferred onto the fibrin gel base. Then the fabricated myocardial tissue, i.e. a human iPS cell-derived
cardiomyocyte sheet layered onto the fibrin gel base, was mounted to the tension sensor of the force measuring system, and the contractile
tension generated by the pulsating cardiac tissue was detected by the sensor and the signals were transferred to the multi-amplifier system.
Here, we aimed to simplify the manufacturing process of the myocardial tissue and shorten the fabrication time for industrial use. Specifically,
we designed a new gel fabrication kit, with which we can easily prepare the fibrin gel base, rapidly transfer the cell sheet onto the fibrin gel
base, and easily set the fabricated cardiac tissue to the measuring system without complicate operations. Furthermore, by using centrifugation
in the process of layering the cell sheets onto the fibrin gel bases, we found that the time required for the cells to adhere to the fibrin gel can
be shorten. Therefore, using our new tissue fabrication protocol, we have succeeded in shortening the manufacturing time compared with the
conventional method. In addition, we have succeeded in measuring the contractile force made by human iPS cell-derived cardiomyocyte sheets
force for over a week.
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Creation of cellular tissue with blood vessel-like structure utilizing titanium wire and cell sheets
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In this research, fabrication of biological tissue was attempted in order to create a new drug model simulating body more than before. To
create a thick tissue using cell sheets, it is necessary to laminate multiple sheets. However, when the number of laminated sheets increases,
oxygen and nutrients cannot reach inner tissue from the outside of the tissue. Therefore, cells present inside the tissue are damaged. In order
to provide a mechanism for transporting nutrients and oxygen, blood vessels are fabricated between cell sheets using micro titanium wire. We
aimed to fabricate tissue simulating living organism by perfusion on blood vessels like structures using developed perfusion culture device.
NHDF were seeded onto a temperature responsive culture dish (35 mm diameter UpCell dish), and they cultured in medium (DMEM). After
culturing for 3 days, the cell sheets are peeled off and laminated. When laminating the cell sheets, the titanium wire was sandwiched between
the cell sheets. In order to fill the gap between cell sheets and titanium wire, the tissue was centrifugally crimped. The tissue was cultured for 1
day after centrifugation, and the titanium wire was pulled out to prepare a luminal structure between the cell sheets. A device which perfuse
the lumen with tube pump was created. Then perfusion experiment was performed.
As a result of optical coherence tomography (OCT) and section observation of the tissue prepared by the above method, the luminal
structure was confirmed between the sheets. We also succeeded in adhering vascular endothelial cells into the lumen between cell sheets by
sandwiching a titanium wire with adhered endothelial cells. From this result, it became possible to fabricate a blood vessel-like structure. A
perfusion device was fabricated using a 3D printer. By using maiterial without cytotoxicity as a material, long term culture becomes possible in
the future. We succeed in stable perfusion of fluorescent particles by using the fabricated device. These result show that the fusion of cell
sheet engineering and microfabrication technology makes it possible to fabricate three-dimensional tissue having a vascular structure. We plan
to optimize conditions of this experiment and also conduct perfusion culture experiments in the future.
We acknowledge that this work was supported by JSPS Kakenhi Grant Numbers 16K14203.
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Structure and function analysis of cell sheet and cell suspension towards stem cell therapy
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Introduction
Cell therapy by transplantation of cell sheets has attracted attention because the therapy has treated various diseases and injuries. Many stem
cell therapies aims to deliver high density of stem cells by injection of cell suspensions to patient. Because of its convenience, cell suspension
was commonly used in clinical studies. However, clinical studies using cell suspension showed minimal or transient improvement. This is due to
poor engraftment and extensive cell death, since enzyme (e.g. trypsin) treatment for preparing cell suspension disrupts protein non-specifically
and decreases cell activity. In the present study, we compared structure and function of cell sheet to cell suspension in order to understand the
effect of cell detachment method in stem cell therapy.
Materials and Method
Human umbilical cord-derived mesenchymal stem cell (hUC-MSC) has potential for successful allogeneic transplantation, thus we prepared cell
sheet and cell suspension samples using hUC-MSC. Temperature responsive culture dish (TRCD) was used for cell sheet fabrication, whereas
trypsin and cell scraper was treated to tissue culture polystyrene (TCPS) to collect cell suspension or attached cells, respectively. Cell
morphology was observed using scanning electron microscopy (SEM). Protein expression of extra cellular matrix (ECM; Fibronectin, Laminin),
cell-ECM junction (Integrin), gap junction, cytoskeleton (actin), Mechanosensors (Focal adhesion kinase (FAK), Yes associated protein (YAP))
was analyzed by western blotting and structure of these proteins were analyzed by immunostaining.
Result
Protein expression of ECM, Cell-ECM junction in cell sheet was similar to attached cells and reserved surface proteins. In contrast, protein
expression of cell suspension was decreased, suggesting surface proteins were digested by trypsin treatment. This structural difference led to
inactivate mechanosensors (YAP phosphorylation and FAK dephosphorylation) of cell suspension, whereas mechanosensors of cell sheet was
remain activated. Furthermore, cell suspension lost actin stress fiber suggesting disruption of cytoskeleton. These structures have important
role in cell survival and proliferation, which is necessary to ensure outcomes of stem cell therapy.
Conclusion
Cell sheet maintained its structure after cell detachment while the structure of cells in cell suspension was disrupted from trypsin digestion,
suggesting cell sheet has higher cellular function and clinical impact.
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and Suppresses Negative Cardiac Remodeling: Long Term Follow-up
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Introduction: Heart failure (HF) is a major cause of morbidity and death worldwide, despite advances in medical and interventional treatments.
However, regenerative therapies, such as cell sheet transplantation , show promise as a new approach to treat HF.
Objective: Here, we studied a early (2 weeks) and long (2 months) follow ups of cardiac repair after myocardial infarction using scaffold-free
cardiac cell sheets.
Methods: Myocardial infarction (MI) was induced by anterial discendent coronary artery ligation in rats. Rats were assigned to 3 groups: (a)
non-treated group, (b) treated group that received implantation of scaffold-free cell sheets based on resident mesenchymal progenitor cells
(MPC) and (c) sham group. Histological and pathological analyses were performed.
Results: After epicardium transplantation cell sheets adhered and integrated into the underlying myocardium. Transplanted MPC survived,
proliferated, and shown signs of differentiation into vascular and cardiomyocyte lineages. Cell migration from the sheet was observed along the
necrotic trails within the infarcted area. Cell sheet transplantation suppressed negative cardiac remodeling, activated cardiomyocyte
proliferation and increased vascular density compared with the untreated MI. Transplanted cell sheets significantly increased survival of rats
after MI.
Conclusion: This study provides a promising tissue engineering and regenerative medicine approach to treat HF using using scaffold-free
cardiac cell sheets. Our long term follow up study indicated the sustained long-term effect of transplanted cell sheets on regeneration
processes in the damage heart.
This work was supported by Russian Science Foundation grant No16-15-00181
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Rapid fabrication of engineered human primary hepatocyte/fibroblast sheets  
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Depending on the location, size, and number of tumors, extended liver resection is required and there is a risk of postoperative acute liver
failure (ALF). Since these patients have a high risk of death, prevention of postoperative ALF is critical for the safe performance of major/
extended hepatic resection. On the other hand, autologous cell transplantation of primary hepatocytes derived from resected liver tissue can
prevent postoperative ALF. The purpose of this study is to establish the technique for rapid production of transplantable engineered human
hepatocyte/fibroblast sheets (EHFSs) for prevention of postoperative ALF. Human fibroblasts were inoculated at 1.04, 1.56, or 2.08x105cells/
cm2 onto FBS-coated (2 h) or uncoated TRCDs to determine the proper conditions for the formation of a confluent monolayer. Human primary
hepatocytes were inoculated at 1.04 or 2.08x105cells/cm2 onto FBS-coated TRCDs to evaluate better density for hepatocyte culture. To get
EHFSs rapidly, hepatocytes were plated at 1.04x105cells/cm2 onto a confluent layer of fibroblasts plated 1-2 h previous at 1.56x105cells/cm2
onto an FBS-coated TRCD. Fibroblasts and primary hepatocytes were mixed and seeded on an FBS-coated TRCD as a control.Fibroblasts
formed confluent monolayer within 1 h after inoculation with at least 1.56x105cells/cm2 onto an FBS-coated TRCD. On the other hand, 96%
confluence was the maximum at 1.56 x105cells/cm2 on an uncoated TRCD. Hepatocytes on an FBS-coated TRCD at a density of 1.04x105cells/
cm2 showed confluent monolayer and viable after 3 days of culture. Hepatocytes adhered to the confluent monolayer of fibroblasts for at least
2 h after hepatocyte inoculation. EHFSs can be harvested from FBS-coated TRCDs soon after the adhesion of hepatocytes by reducing the
culture temperature from 37 °
C to 20 °
C for several minutes. In contrast, premixed fibroblasts and primary hepatocytes showed spontaneous
cell detachment and cell aggregation.In conclusion, FBS served as a good TRCD coating for the rapid preparation of fibroblast monolayers.
Fibroblast monolayers formed within 1 h by seeding at least 1.56x105cells/cm2. Rapid production of EHFSs was achieved approximately 3 h
after the first inoculation of fibroblasts. In future, we would like to demonstrate the therapeutic effect on acute liver failure model mouse after
enlarged hepatectomy.
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Development of a Heating Plate-centrifuge and its Application in Tissue Engineering
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In industrialization of regenerative medicine using engineered tissues, reducing the fabrication costs is essential. For example, in tissue
engineering using cell sheets, it is expected to cut the culturing time for making cell sheets and the time required for a cell sheet to adhere to
substrate or another cell sheet. Cutting the time of fabricating engineered tissues not only reduces the costs, but is expected to improve the
quality of engineered tissues, because the cells are sometimes settled in unfavorable environment during the fabrication processes. In the
process of layering cell sheets, for example, cell sheets are settled on a substrate or another cell sheet without culture medium to facilitate the
cell-substrate or cell-cell adhesion. In addition, cutting the culturing time is expected to reduce a contamination risk. Previously, our group have
succeeded in cutting time for layering cell sheets by using centrifugal force [1]. For further reduction in the time of layering cell sheets, we have
an idea to execute the centrifugation at 37°C, a temperature under which the cells can maintain their activities. However, conventional plate
centrifuges do not have a heating function and cannot control the temperature during centrifugation. Here, we newly developed a plate
centrifuge equipped with a heating function, and tried to confirm whether we can further reduce the time of fabricating a tissue of layered cell
sheets by using this heating plate-centrifuge. The centrifuge was developed by setting a rubber heater around a swing type plate centrifuge.
We confirmed that the temperature of the surface of a well plate set on the rotor of the centrifuge can be kept stable at 37°
C during
centrifugation. Using this centrifuge, we succeeded in reducing further the time of fabricating a tissue of layered cell sheets. Furthermore, we
found that we can rapidly fabricate layered cell sheets on a temperature-responsive culture dish and easily obtained the multi-layered cell
sheet-tissue without any damage only by decreasing temperature [2]. These processes were difficult or impossible if we used a conventional
plate centrifuge. We believe that centrifugation with heating can be applied to various processes in fabricating engineered tissues.
References:
1. Hasegawa A, Haraguchi Y, Shimizu T, Okano T. J Biomed Mater Res A 103, 3825, 2015.
2. Haraguchi Y, Kagawa Y, Hasegawa A, Kubo H, Shimizu T. Biotechnol Prog, in press. (DOI 10.1002/btpr.2612)
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Effect of supercooling storage process on the transplantable sources
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Introduction
- The importance of the underlying technology development that accompanies the development of regenerative medicine and stem cell
therapy technologies has been highlighted. It is necessary to store the transplantable sources for a certain period during the variety of
manipulation processing steps.“How to preserve (depend on conditions of solvent, temperature, periods, density, and, physical impulse, etc.)?”
can affect the safety and efficacy of the samples.
- Supercooling refers to a phenomenon in which is the process of lowering the temperature below its freezing point without freezing. Here we
investigated the feasibility of supercooling method with cells and organs according to the limited conditions.
Materials and methods
- Mesenchymal stem cell (MSC) s derived from the intra-abdominal fat of New Zealand white rabbit (1 kg, male) were preserved in saline and
observed the viability for 1, 3, 6, 12 and 48 hours.
- Rat fetal kidneys were kept in histidine-tryptophan-ketoglutarate (HTK) solution and stored at various temperatures (24, 4, -2, -5, -20, -80 and
196 ℃ ) for 24 and 48 hours. We observed and compared histopathological changes of samples at each temperature condition.
Results
- As time passes, the number of rabbit MSCs were decreased in each group with storage temperature. At room temperature, the number of
viable MSCs decreased rapidly, but the number of MSCs tended to decrease slowly in the cooling and supercooling groups.
- The rat fetal kidneys preserved on supercooling temperature at -2 °
C tended to have the least damage on the cortex and medulla
parenchyma.
Discussion
- The difference in damage of transplantable sources by storage temperature conditions is the evidence that effectiveness may depend on the
storage method.
- It is necessary to determine further the optimal supercooling temperature of the preserving methods with various cells, tissues and organs, in
the future.
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Using bacterial adhesins to direct human stem cells to the myocardium

Wenjin Xiao1，Thomas I. P Green1,2，Xiaowen Liang3，Guillaume Perry4，Rosalia Cuahtecontzi Delint1,2，Haolu Wang3，Robert Barker5，Kris le Vay
Duncan J McGillivray6，Michael S Roberts3,7，Paul R Race8，Adam W Perriman 1

，
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The efficient delivery and adherence of cells to a site of interest, a process termed “homing”, remains an elusive goal for cell therapies.
Intravenous or intra-arterial infusion of cells inevitably leads to the undesired and detrimental accumulation of the cells at the lungs and liver,
which reduces the efficiency of systemic delivery and increases the likelihood of producing lethal microemboli.
We have developed a new methodology involving the introduction of exogenous proteins directly anchored to the cell membrane in order to
modulate cell behaviour and achieve targeted homing.1 In this work, we showed that a designer protein-surfactant hybrid construct with
inherent cardiac tissue homing properties can be rationally engineered to spontaneously insert into the plasma membrane of human
mesenchymal stem cells (hMSCs). This was achieved by hijacking the in-built ability of Streptococcus gordonii to home to cardiac tissue by
displaying multiple copies of the fibronectin binding domain of the bacterial adhesion protein (bap) 2 on the surface of hMSCs. In order to
anchor the construct to the membrane, the bap was fused to supercharged GFP (scGFP), which was then conjugated to surfactant molecules
displaying membrane binding properties. The results shown in this work demonstrate that the construct maintains the dual biophysical
properties of bap and scGFP, and associates with hMSC membrane with no visual changes in cell morphology. Significantly, the construct is not
cytotoxic, does not ellicit an immune response in mice, and directs hMSCs delivered either intracardially or intravenously to the myocardium,
without a concomitant increase in the lungs. This cell membrane display system is completely independent of cell type and can therefore be
readily applied to other cell types using a wide array of protein-based targeting molecules.
1. Armstrong, J. P. K. et al. Nat. Commun. 6, 7405 (2015).
2. Back, C. R. et al. J. Biol. Chem. 292, 1538–1549 (2017).
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Autophagy is needed during the Differentiation of   Adipose Derived Stem Cells to Functional Smooth Muscle Cells
for use in   Bladder Engineering      
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Introduction:Tissue engineering using smooth muscle cells may provide a treatment option for diseases with smooth muscle pathology such as
bladder dysfunction, urinary incontinence, and erectile dysfunction. As autologous smooth muscle cells (SMC) cannot be harvested from organs
with end-stage disease there is a need for other cell sources. Adipose derived stem cells (ADSC) can be easily harvested and differentiated into
SM tissue. We have shown that autophagy, a conserved lysosomal degradation pathway, is required for cell survival and differentiation of stem
cells. ADSC undergoing differentiation to SMC efficiently remodels their cytoskeleton and shape in an energy-consuming process. We
investigated functional role of autophagy during differentiation and remodeling of ADSCs to SMC in vitro.
Methods: Rat and human ADSCs were characterized and induced towards SMC using induction medium for 1 to 6 weeks. The changes in gene
and protein expression level for SMC markers: calponin, smoothelin, α-SMA, MyH11; and autophagy: LC3, Atg5, Beclin1, were investigated by
ICC and WB.
Results:
Upon induction, up-regulation of Atg5-Atg12 and free Atg5 was observed during 4-6 weeks. This was supported by an increase in conversion
of cytosolic LC3I to membrane-bound LC3II protein. At the same time the contractile proteins calponin, MyH11 and smoothelin were up
regulated during 1-3 weeks and decreased after 5-6 weeks of differentiation detected by WB and ICC. Pharmacological blocking of autophagy
by 3-methyladenine (3-MA) during the differentiation abolished the differentiation capacity of stem cells.
Conclusion: Our study demonstrates that autophagy plays an important role in ADSC differentiation to SMC. Influencing autophagy by
pharmacological agents might be used to further optimize the induction to SMCs.
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Cellular and engineered tissue therapies (CETT) are a growing sector for treating various diseases, malignancies, and traumatic injuries. This
field is not only thriving due to the increase of patients being treated but also because the scope of clinical conditions, which could be
responsive to CETT is broadening as well. As these advances take place, it is important to maintain transparency of the treatments effectively
carried out, as a basis to coordinate and further develop scientific, clinical and regulatory aspects. Due to this necessity, our group has been
conducting annual surveys since 2008 on the use of CETT (excluding hematopoietic stem cell treatments for the reconstitution of
hematopoiesis) to establish a comprehensive, quantitative map of patients being treated in Europe and associated countries with such
therapies. These surveys were supported by several international organizations such as EBMT, ISCT, TERMIS, ISCT, ICRS, and IFATS. The reports
include the number of treated patients without any reference to clinical outcomes. Data are sorted by indication, cell sources, processes and
delivery modes as well as an appendix of active teams. Our presented work displays the results of the surveys for 2014 and 2015 separately
and in comparison to one another, as our last published report reviewed the treatments of 2013.
More than 400 groups working in the field were contacted for both years. In 2014 277 teams reported performing CETT on 2054 (778
allogenic and 1276 autologous) patients, whereas in 2015 210 teams reported therapies on 3338 (867 allogenic and 2471 autologous)
patients.
The reported cell types for the years 2014 / 2015 were respectively mesenchymal stromal cells (MSCs) (56% / 36%), hematopoietic stem
cells (26% / 13%), chondrocytes(7% / 14%), dendritic cells (3% / 2%), keratinocytes (3% / 1%), dermal fibroblasts (< 1% / 9%) and others (5%
/ 25%). These assessments clearly show that even though MSCs are still the predominant cell source used in CETT, there is trend towards an
increasing use of differentiated cells, with the two dominant sources being chondrocytes and dermal fibroblasts. This comparison, as well as
further evaluations of the collected data, identifies trends and the importance of their investigation in a still rapidly evolving field.
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Sticky Stem Cells: Reengineering the Cell Membrane using Nanobiohybrid Materials
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One crucial challenge within the rapidly growing field of regenerative medicine is the correct and efficient integration of stem cells and other
regenerative scaffolds to provide functional tissue for autologous grafts.
To address this issue, we describe the rational design of a cell membrane binding nanobiohybrid using protein polymer surfactant conjugates
to modify the cell surface in order to increase cell adhesion. This construct consists of a peptide sequence from placenta growth factor-2
(PlGF-2123-144), with an extremely high binding capacity for extracellular matrix (ECM) 1 proteins, fused to a positively supercharged green
fluorescent protein (scGFP)2. This protein is encapsulated in a polymer surfactant corona, allowing the construct to insert into the membranes
of human mesenchymal stems cells (hMSCs) without the loss of protein function3.
Here we describe the characterisation and application of our nanobiohybrid construct, demonstrating that cells modified with our construct do
not exhibit any signs of cytotoxicity at working concentrations and that there is no impact on the cells ability to proliferate or differentiation
pathway. A significant increase in cellular adherence to collagen II was observed when comparing modified cells to unmodified cells with in
vitro models, as well as in bovine ex vivo explants, as determined when imaged with scanning electron microscopy.
These findings suggest that modification of cell membranes with our construct can be used to enhance stem cell therapy outcomes in the
regeneration of damaged cartilage and tissue. Accordingly, the development of new membrane active nanobiohybrid to regulate the cell
adhesion to natural scaffold will provide significant benefits for tissue engineering.
1. Martino, M. M. et al. Matrix Enhance Tissue Healing. 343, 885–889 (2014).
2. Lawrence, M. S., Phillips, K. J. & Liu, D. R. Supercharging proteins can impart unusual resilience. J. Am. Chem. Soc. 129, 10110–2 (2007).
3. Armstrong, J. P. K. et al. Artificial membrane-binding proteins stimulate oxygenation of stem cells during engineering of large cartilage tissue.
Nat. Commun. 6, 7405 (2015).
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Anal incontinence is a devastating condition that significantly reduces the quality of life. Its incidence vary from 3% to over 40% in the adult
population and in women, obstetric injury is one of the main causes of anal incontinence. Our aim was to evaluate the effect of human adipose
stem cell (hASC) injections in a rat model for anal sphincter injury. Additionally, we tested if hASCs` efficacy of could be improved by combining
them with polyacrylamide hydrogel carrier, Bulkamid®, which is already in clinical use for treatment of urinary incontinence.
Human ASCs derived from a female donor were expanded in DMEM/F12 supplemented with 5% human platelet lysate. Female virgin SpragueDawley rats were randomized into four groups (n=14-15/group): hASCs in saline (0,9% NaCl) or Bulkamid® (5 000 000/ml) and saline or
Bulkamid® without cells. Anal manometry was performed before anal sphincter injury and at two (n=58) and at four weeks after (n=33).
Additionally, the anal sphincter tissue was examined by micro-computer tomography (μCT) and the histological parameters were compared
between the groups.
The median resting and peak pressure during spontaneous contraction measured by anorectal manometry were significantly higher in hASC
treatment groups compared with the control groups without hASCs. There was no statistical difference in functional results between the hASCcarrier groups (saline vs. Bulkamid®). However, more inflammation was discovered in the group receiving saline with hASC. The sphincter
muscle continuation was similar between the groups in the histology and μCT analysis.
ASCs combined with either saline or synthetic non-degradable hydrogel is a novel and attractive, mini-invasive treatment method for anal
sphincter rupture and anal incontinence. Due to low inflammatory response and good tissue integration, Bulkamid® hydrogel appears to be a
suitable injection agent and carrier for the hASCs. The 3D μCT is a valuable addition to the traditional histology in analyzing soft tissue
samples. Further studies with longer follow-up periods and in chronic injury models are needed to confirm the functional restoration and to
develop a truly functional treatment for anal incontinence patients.
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BMP9/GDF2 rescues chondrogenesis in articular cartilage-derived chondroprogenitors from mature synovial
joints
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Articular cartilage-derived chondroprogenitors are classical mesenchymal stromal cell-like colony forming cells that can be isolated from
synovial joints. Joint progenitors can be identified by their ability to proliferate in fetal and perinatal tissues and persist throughout the lifetime
of cartilage even in osteoarthritic cartilage, where their number increase. 1 Manipulation of progenitors is important in two main respects, first
in tissue engineering, where culture-expanded cells can be used to repair focal lesions in joint, and secondly, in regenerative medicine where
progenitors in damaged joint cartilage are targets for intervention in order to reverse the degenerative condition.
Our studies of progenitors in cartilage has shown that cells isolated from skeletally immature and mature joints are functionally different and
we hypothesised that one way in which this age-related difference may be manifested is through changes in their capacity to differentiate.
We isolated colony forming progenitors and full-depth chondrocytes from skeletally immature and mature bovine metacarapalphalangeal
joints and which were then cultured as high-density pellets. Pellets were cultured for 21 days in the presence or absence of growth factors
then processed for histology and papain-digested to quantify proteoglycan and collagen content, normalized to DNA content.
Results show that immature full-depth chondrocytes and progenitors are primed to differentiate and addition of growth factor TGFb1 does not
increase the deposition of proteoglycan in pellets compared to the basal medium. Supplementation with BMP9 did however increase
deposition of proteoglycan in pellets which led to an increase in pellet size. Full-depth chondrocytes from mature cartilage required growth
factor supplementation in order to efficiently differentiate and produce pellets that stained with toluidine blue. However, chondroprogenitors
from mature joints did not differentiate in either basal or TGFb1 supplemented medium, the lack of toluidine blue staining was confirmed by
significant reductions in proteoglycan deposition. Suprisingly, BMP9/GDF2 rescued the ability of maure chondroprogenitors to efficiently
undergo chondrogenic differentiation.

1

Fellows et al Sci Rep. 2017 Feb 2;7:41421
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Objective: The ultimate goal of periodontal disease treatment is the reorganization of functional tissue by the application of stem cells,
cytokines and extracellular matrices that can regenerate the lost periodontal tissue. Regeneration of periodontal tissues is being clinically
possible by using autogenic transplantation of mesenchymal stem cells (MSC). However, autologous MSC transplantation is limited due to
depending on age, systemic disease and tissue quality, thus precluding their clinical application. Therefore, we evaluated the efficacy of
allogeneic transplantation of adipose tissue-derived multi-lineage progenitor cells (ADMPC) in a micro-mini pig periodontal defect model.
Method: ADMPC were isolated from greater omentum of micro-mini pig and investigated for MSC marker expression. Immune-modulatory
activity of ADMPC were assessed by treating with cytokine cocktail for 7 days and evaluated the expression of immune suppressive and antiinflammatory cytokines. Periodontal defect models were established in furcation area of premolars in a micro-mini pig and transplanted with
allogeneic or autologous ADMPC. Clinical assessment and computed tomography were used to evaluate the outcome of periodontal tissue
regeneration.
Result: Flow cytometry analysis confirmed that ADMPC express moderate to high levels of MSC markers including CD44, CD73 and CD90.
ADMPC exhibit the osteogenic differentiation ability by Calcified nodule formation, positive alkalaine phosphatase staining and expression of
osteogenic related genes in the induced cells. Adipogenic differentiation was confirmed by the formation of lipid Droplets stained with Oil O
red in the induced cells. ADMPC showed high expression of immune suppressive factors GBP4 and IL1-RA upon treatment with cytokine
cocktail. Allogeneic transplantation of ADMPC induced significant bone regeneration in micro-mini pig periodontal defect model and
regeneration ability was comparable to those of autologous transplantation.
Conclusion: These results suggested that ADMPC has an immune-modulation and periodontal tissue regeneration ability following allogeneic
transplantation. Thus allogeneic ADMPC may be an alternative to autologous ADMPC for periodontal tissue regeneration therapy.
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It has been reported that 80% of the human population experiences low back pain at least once in their lifetime. Major cause of the low back
pain is understood by intervertebral disc degeneration (IDD) which is caused by dehydration or herniation of central nucleus pulposus
surrounded by annulus fibrosus. The nucleus pulposus mainly consists of water and a proteoglycan-rich extracellular matrix including type II
collagen fibers and nucleus pulposus cells with chondrocytic phenotype. Also, the intervertebral disc is the largest avascular structure in the
body that oxygen levels ranging from 1 to 5%. In recent years, human bone marrow-derived mesenchymal stem cells (hBMSCs) which can be
differentiated in multi-lineage has been widely adapted to reconstruct the nucleus pulposus and reduce the low back pain. In this study, we
fabricated a growth factor-loaded microparticle with leaf-stacked structure which can allow sustained release of the growth factor. hBMSCs
were also seeded on the microparticle for the effective treatment of IDD. The growth factor release behavior, chondrogenic differentiation of
the hBMSCs were investigated
Acknowledgments
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(KHIDI), founded by the Ministry of Health & Welfare, Republic of Korea (grant number : H15C0607) and the BK21 plus program through the
National Research Foundation (NRF) funded by the Ministry of Education of Korea.
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Tissue Engineered Constructs Based On Mesenchymal Stromal Cells And Acellular Dermis Induce The Release Of
Repair Factors For Cutaneous Lesions
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Advances on tissue engineering has taken advantage of the development of stem cell technology in combination with biological scaffolds to
favor skin regeneration. Of note, paracrine activity of mesenchymal stromal cells (MSC) have shown to be pivotal in repair processes via release
of tissue repair and angiogenic factors. We hypothesize that in cell-engineered constructs based on human acellular dermis subjected to
intense inflammatory environment, Wharton´s Jelly MSC might induce critical growth factors involved in tissue repair and homeostasis. We
obtained acellular dermis by enzymatic digestion of cadaveric skin and performed histological characterization, DNA content and detection of
extracellular matrix proteins. We further proceeded to the generation of the cell-dermis constructs by seeding WJ-MSC on top of the scaffold
and subsequent stimulated them with a combination of proinflammatory cytokines. Supernatants from treated and untreated cell-dermis
constructs were obtained at different time points and secreted levels of each growth factor and cytokines (VEGF, bFGF, HGF, angiopoietin-1
TGF-β1 and IL-10) were measured by luminex and western blot. We confirmed the presence of viable WJ-MSC on constructs by detection of
GFP positive cells by fluorescence microscopy. Significant enhanced levels of VEGF, bFGF, HGF and TGFβ1 were detected following 24h of
exposure to inflammatory stimuli. In contrast, decrease of angiopoietin-1 levels occurred at 48 hours after stimulus. We did not observe
differences in IL-10 levels. In conclusion, inflammation might trigger the activation of WJ-MSC-based biological scaffolds such as acellular
dermis, leading to angiogenesis and tissue regeneration via the release of repair factors in a skin lesion.
Acknowledgments:
This work was supported by Fondo de Ciencia, Tecnología e Innovación, Sistema General de Regalías and Colciencias, project,
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As a drug delivery system, gelatin hydrogel (GH) has been reported to be effective in enhancing wound healing in combination with various
growth factors, including platelet-rich plasma. The present study combined GH with human platelet lysate (hPL), an easily attainable source of
growth factors, and examined their efficacy in vivo. Expired irradiated platelet concentrate was subjected to freeze-thaw cycles, freeze-dried,
and stored at 4°C as freeze-dried hPL for 9 months. The volume of saline for reconstitution was adjusted to attain different concentrations of
hPL. Full-thickness wounds were made on the back of male C57Bl6J/Jcl mice then treated with saline or × 1 hPL or GH impregnated with
saline, ×1 hPL, ×2 hPL, or ×3 hPL. In vitro evaluation was performed by enzyme-linked immunosorbent assay and fibroblast cell culture test.
The wound model was analyzed by gross wound analysis and histologic examination using hematoxylin-eosin, Azan, and anti-CD31 staining.
Our experiment showed that after 9 months of preservation, the quality of growth factors contained in hPL was still maintained. Full-thickness
wound healing process was positively supported by the combination of GH with ×2 and ×3 hPL in comparison with that of GH with ×1 hPL.
The ability of concentrated platelet lysate-impregnated GH to promote wound healing after long-term preservation suggests its use in chronic
ulcer therapy under clinical settings.

a93298

02-P435

Biofunctionalization Of Biodegradable Conductive Patch For Myocardial Infarction Treatment

Nazanin Zanjanizadeh Ezazi1，Marianna Kemell2，Heikki Ruskoaho3，Jouni Hirvonen1，Hélder A. Santos1
1
Drug Research Program, Division of Phamaceutical Chemistry and Technology Faculty of Pharmacy University of Helsinki, Finland，2Department of Chemistry, Faculty of Sciences University of
Helsinki, Finland，3Drug Research Program, Division of Pharmacology and Pharmacotherapy Faculty of Pharmacy University of Helsinki, Finland

Cardiovascular diseases (CVDs), which are known as disorders of heart and blood vessels, are the most common diseases worldwide, causing
over 17 million deaths each year, and they are discerned to be increased and reached to almost 23 million deaths by 2030. Among the
different types of CVDs, coronary heart diseases (CHDs) and stroke have the highest cause of death in the world. Based on the World Health
Organization reports, from the 17.5 million CVD deaths in 2012, 7.4 million are of CHD patients and 6.7 million of stroke [1, 2]. In this project,
drug loaded poly(glycerol sebacate)(PGS)/collagen patch is treated by electro-conductive polypyrrole (PPy), in order to make a conductive
functionalized heart patch to be used in myocardium infarction treatment. Polypyrrole has shown good biocompatibility and conductivity in
different tissue engineering applications, is easy to produce, and can help in the growth and proliferation of different cells [3]. PGS as a cheap
synthetic bioresorbable polyester with high biocompatibility, illustrates perfect properties for cardiac scaffolds. [4, 5] Collagen, a natural
polymer and one of the main protein of ECM, is able to imitate of the fibril cardiac tissue.[6]. The results indicate that the conductive patch
show higher myoblast cell viability compare to low conductive samples with higher cell attachments on the surface.
[1] W.H.O. (WHO), Cardiovascular diseases (CVDs).
<http://www.who.int/mediacentre/factsheets/fs317/en/>, 2015 (accessed January 2015 ).
[2] N. Townsend, et al., European Cardiovascular Disease Statistics: The European Heart Health Ii (Euroheart Ii) Project, Cardiology 126 (2013)
44-44.
[3] R. Ravichandran, et al., Applications of conducting polymers and their issues in biomedical engineering, J. Royal Soc. Interface / the Royal
Society 7 Suppl 5 (2010) S559-79.
[4] R. Rai, et al., Biomimetic poly(glycerol sebacate) (PGS) membranes for cardiac patch application, Mater Sci Eng C Mater Biol Appl 33(7)
(2013) 3677-87.
[5] R. Rai, et al., Synthesis, properties and biomedical applications of poly(glycerol sebacate) (PGS): A review, Prog Polym Sci 37(8) (2012)
1051-1078.
[6] M. Kitsara, et al., Fabrication of cardiac patch by using electrospun collagen fibers, Microelectron Eng 144 (2015) 46-50.
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Bone marrow-derived mesenchymal stem cells (BMSCs) are a promising cell source for musculoskeletal tissue engineering, but their clinical
utility for the treatment of cartilage injuries is limited due to their potential to undergo endochondral ossification. Non-viral gene delivery can
be used to direct BMSC fate, but the delivery of just a single gene might not be sufficient to promote stable chondrogenic differentiation. In this
study, combinatorial non-viral gene delivery of chondrogenic growth (TGF-β3, BMP2 and BMP7) and regulatory (CHM1, GREM1, HDAC4 and
SOX9) factors was explored to promote chondrogenesis of MSCs and to suppress hypertrophy and endochondral ossification. Firstly, RALA
peptide mediated non-viral gene delivery was optimized to obtain maximal transfection efficiency of BMSCs with minimal cell dead. Having
identified appropriate conditions for robust transfection, the delivery of chondrogenic growth and regulatory factors was explored in both
normoxic and hypoxic culture conditions. Whereas the overexpression of growth factors successfully initiated chondrogenesis of BMSCs in
hypoxia, they promoted a more hypertrophic or osteogenic phenotype in normoxia, as evidenced by more robust collagen type X deposition
and tissue mineralisation. To suppress hypertrophy, pDNA encoding for CHM1, GREM1, HDAC4 and SOX9 were delivered to MSCs, but their
overexpression alone failed to induce chondrogenesis of BMSCs. In contrast, their co-delivery with TGF-β3 and BMP2 genes was able to
induce chondrogenesis of MSCs and to suppress endochondral progression, as evident by reduced mineralisation and collagen type X
deposition. This study highlights the potential of non-viral combinatorial gene therapy for the modulation of MSC phenotype in bone and
cartilage tissue engineering.

a92266

02-P437

Comparison of fibroblasts expression via gene transfer or via poly(sodium styrene sulfonate) coating onto poly( ε
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The anterior cruciate ligament (ACL) rupture is a common injury, which mainly affects young and active population. Faced to this problem, the
development of synthetic structures for ligament reconstruction began in the early 80’s. After a multiple range of non-adapted materials used,
leading to synovitis or prosthesis rupture, more recent researches focus on the development of biodegradable structures that are chemically
modified to enhance host integration [1, 2]. Besides, the fast-growing of gene therapy promises an interesting way to treat degenerative,
chronic, inflammatory, or age-related diseases especially in soft tissues [3]. Therefore, combining gene-, cell-, and tissue engineering-based
approaches is an attractive strategy to generate novel and effective therapies to reconstruct ACL. After good in vitro results of poly(sodium
styrene sulfonate)-grafted poly( ε -caprolactone) (pNaSS-PCL) surfaces, this work compares the effects of human ACL fibroblasts transduced
with rAAV-mediated overexpression of FGF-2 (basic fibroblast growth factor) and TGF-β (transforming growth factor beta), seeded onto
pNaSS-PCL and ungrafted PCL surfaces. The gene transfer procedure aims at stimulating the cellular proliferative activities while the pNaSS
grafting modulates the cell adhesion response of the synthetic material. Preliminary results show a promising responses to gene therapy, with
an overexpression of type-I and -III collagen from human ACL cells seeded on ungrafted PCL. Interestingly, expression of the collagens is
decreasing while combining the transduced cells with the pNaSS-PCL. This opposite effect suggests the possibility of a similar activation
pathway between gene therapy and tissue engineering in the case of the ligament reconstruction.
REFERENCES
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The regeneration of complex tissues and organs remains a major clinical challenge. With a view towards bioprinting such tissues, we
developed a new class of pore-forming bioink to spatially and temporally control the presentation of therapeutic genes within 3D bioprinted
tissues. By blending sacrificial and stable hydrogels, we were able to produce bioinks whose porosity increased following printing. When
combined with RALA peptide-plasmid DNA nanoparticle complexes, these bioinks supported enhanced non-viral gene transfer to stem cells in
vitro and in vivo compared to traditional hydrogel bioinks, which in turn facilitated accelerated transfection of either host or transplanted cells.
To demonstrate the utility of these gene activated bioinks for engineering spatially complex tissues, they were next used to spatially position
stem cells and plasmids encoding for BMP2 only (osteo region) or a combination of TGF-β3, BMP2 and SOX9 (chondral region) within
networks of printed thermoplastic fibers to produce mechanically reinforced osteochondral constructs. In vivo, these printed tissues supported
the development of a vascularized, bony tissue overlaid by a layer of stable cartilage. When combined with multiple-tool biofabrication
strategies, these gene-activated bioinks can enable the bioprinting of a wide range of spatially complex tissues.
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Gene delivery as a tool to promote the deposition of elastin by smooth muscle cells in collagen gel-based
scaffolds

Dimitria Bonizol Camasao1，Daniele Pezzoli1，Giorgio Alfredo Biribin2，Dieter Reinhardt3，Gabriele Candiani2，Diego Mantovani1
1
Department of Mining, Metallurgy and Materials Engineering, Universite Laval, Quebec, Canada，2Department of Chemistry, Materials and Chemical Engineering ''Giulio Natta'', Politecnico di
Milano, Milan, Italy，3Department of Anatomy and Cell Biology and Faculty of Dentistry, McGill University, Montreal, Canada

A common approach in tissue engineering relies on the combination of cells with scaffolds, a 3D construct composed of natural or synthetic
material, which provide a structural support for cell attachment and tissue development. Collagen gel-based scaffolds have naturally favorable
biological properties as collagen is one of the main components of the extracellular matrix (ECM). Ideally, on the other hand, the different
components of the ECM are also important to confer the scaffold the proper mechanical properties. Elastin for example, is known to be a
missing element in engineered tissues and essential for providing elasticity to them. For this issue, gene delivery techniques represent an
interesting tool to improve the ECM content of engineered constructs since they allow the regulated expression of specific proteins in target
cells by the introduction of exogenous genetic material to alter their phenotype. Herein non-viral gene delivery of primary smooth muscle cells
(SMCs) have been optimized to maximize transfection efficiency while limiting cytotoxicity. In addition, a procedure for the rapid incorporation
of transfected SMC in collagen gels have been developed to boost elastin deposition in SMC-cellularised collagen gels. Results with transfected
porcine SMCs in collagen gel showed an increase in the deposition of elastin compared to control samples in the first days of culture. Overall,
combining collagen-based scaffolds and gene delivery technique to induce SMCs to produce specific proteins such as elastin, suggests to be a
promising approach to reproduce the ECM and consequently, to improve the structural and mechanical properties of engineered tissues.
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Regulatory and Ethical Guidelines of Tissue Engineering and Regenerative Medicine in the Muslim World  
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Scientific researches using human tissues and stem cells had in recent decades made considerable breakthroughs. In some sense, these
breakthroughs had advanced man’s knowledge of the subjects of biomedicine. Yet given the fact that tissue engineering and regenerative
medicine involves subjects that are traditionally governed by norms of morality like the sanctity of the human body, dignity and safety scientific
practices and medical application of tissue engineering and regenerative medicine had generated waves of moral concerns and legal
controversies, particularly the area of the procurement and the use of intended tissues and cells. Muslim jurists’ response to the moral and
legal challenges of tissue engineering encompasses various dimensions, including the ethics of knowledge expansion, concerns about the
playing God, medical benefits, safety and sanctity of the body. This paper uses analytical method and intends to expose legal and ethical
guidelines of tissue engineering practices and regenerative medicine from and within the legal and ethical writings of the Muslim jurists. The
paper begins with a preliminary outline of the latest practices of tissue engineering, and then explains the regulatory and ethical guidelines
provided by Muslim jurists across the Muslim majority countries. The authors thanked the Kulliyyah of Allied Health Sciences, International
Islamic University Malaysia (IIUM), Kuantan Campus, and Tissue Engineering and Regenerative Medicine Research Team, IIUM for their support.
The authors also expressed their gratitude to Ministry of Higher Education of Malaysia for providing Transdisciplinary Grant Scheme TRGS1602-003-0003.
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Muslim Jurists’ Opinions on the Permissibility of Tissue Engineering Experimentation: Analysis of Selected
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Scientific advancement in medical and health has helped us improve the understanding in the management of human health conditions. This
may be one reason Muslim jurists acknowledge the importance of evidence-based practice and thus, in principle, agreed on the permissibility
of scientific research. However, they have also raised some ethical and Islamic jurisprudence concerns about the methods and implications of
some biomedical practices. Despite the great discovery of cartilage tissue engineering, harm and therapeutic uncertainties spark the ethical
concerns surround the technology. The stakeholders have ever since been debating on its benefits and risks. The potential applications of
cartilage tissue engineering are being unveiled with much hype and expectations among the scientists and the public at large. The demand for
personalized engineered tissues may increase over the time. However, the progress of cartilage tissue engineering experimentation (CTEE) has
been slow due to scientific and technical challenges which related to moral, religious and philosophical aspects. The concerns involve three
main components in tissue engineering (correspond to CTEE) which are the cell sources, biomaterial scaffold and stimulating factors. The
discussion also included the animal study in CTEE. With the development of modern biomedical technology, Muslim jurists and ethicists raised
some ethical concerns about the morality and the permissibility of applications of the technology to human body. The study employed the
qualitative approach using a secondary analysis of historical documents and available contemporary materials on CTEE with regards to Islamic
approach. The opinions of Muslim scholars with regards to CTEE were revealed.
Acknowledgement
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Engineering and Regenerative Medicine Research Team, IIUM for their support. The authors also expressed their gratitude to Ministry of Higher
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Tissue Engineering Practices and the Issue of “Playing God”: A Theological Exposition
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Over the years, the modern scientific discoveries have been introduced, if not reproached, with the term “playing God”, particularly in the
emerging and growing field of biomedical and biotechnology researches. Primarily, the term was pointed at the activities of end-of-life decisions
among healthcare personnel and only in the recent times the term made into the theological discussion involving various technologies
produced by mankind, including tissue engineering. Often the critics aim to demonstrate how certain approaches of science transgress the
limits of man and cross fixed boundaries establishing a certain order in the natural world. There are very little discussions, if any, regarding the
concepts of tissue engineering from the view of Islamic theology, particularly on the issue whether the attempt of reconstructing or
regenerating human body part substitutes equals to the mortal man taking the roles, functions or tasks of God. Islam, as a way of life,
welcomes any efforts for the betterment of mankind. This is based on the driven values of life preservation and harm reduction. Islam believes
that the power to create things out of nothing, creatio ex nihilo, belongs to the Almighty God alone whilst the act of man reconstructing
functional organs or tissues in tissue engineering field is a different form of creation. Man recreates something out of something else while God
creates something from nothing. The authors thanked the Kulliyyah of Allied Health Sciences, International Islamic University Malaysia (IIUM),
Kuantan Campus, and Tissue Engineering and Regenerative Medicine Research Team, IIUM for their support. The authors also expressed their
gratitude to Ministry of Higher Education of Malaysia for providing Transdisciplinary Grant Scheme TRGS16-02-003-0003.
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Nanodiamonds as a platform for skeletal tissue regeneration
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Diamond has come of age, as a material for technology and life science applications. Despite its reputation as a gemstone, high-grade single
crystal diamond can be grown in the laboratory at modest cost. Other forms of diamond, such as microcrystalline and nanocrystalline films can
also be prepared, as can particulate nanodiamonds (typically ~5nm in size). Diamond, as the toughest of materials, also possesses mechanical
properties that can be exploited for the regeneration of a range of tissues.
In the past, the interaction between human Neural Stem Cells (hNSCs) and nanodiamonds (NDs) has been widely investigated by our team [1].
NDs possess great biocompatibility properties and they have been shown to interact particularly well with hNSCs. Early in vitro results have
also shown significant compatibility with human adipose- derived stem cells (hADSCs). This creates optimal conditions for the development of a
range of tissues potentially both in-vitro and in-vivo.
Hence, we are exploring the potential of NDs as a platform for skeletal tissue regeneration by testing interaction of a range of precursor cells
(hADSCs, chondroblasts, osteoblasts) with NDs in 2D and 3D. Initial experiments have shown that oxygen-terminated NDs provide a supportive
environment for the proliferation and skeletogenic differentiation of hADSCs and further characterization of ND interaction with other
mesenchymal progenitors is in progress. Furthermore, the ability of ND to enhance mechanical properties of hydrogels using NDs is under
study. Nanoindentation measurement of these constructs suggests they may provide novel 3D platforms for bone and cartilage regeneration.
Mesenchymal progenitor behaviour in these ND-hydrogels will be discussed.
References:
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Biocompatibility of nanostructured boron doped diamond for the attachment and proliferation of human neural stem cells, J. Neural Eng. 12,
066016, 2015
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Electrospun scaffolds help to mimic ECM in tissue engineering strategies with better mechanical properties. The small pore size generated
classically prevents cells from migrating through the scaffold limiting their use. In our work, we used an innovative technique to develop
electrospun scaffold with a well-controlled architecture to create bigger pores : the co-electrospinning-electrospraying. Alternatively a solution
of low molecular weight (MW) poly-caprolactone (PCL), is electrospayed on a metallic grid to cover it up with particles and a solution of high
MW poly-lactic acid (PLA) is electrospun. By a peak effect, particles are deposited on the grid vertices forming clusters attracting PLA fibers.
Fibers are elongated between the clusters and create a honeycomb structure. Aside we tested the incorporation of TA in PCL particles to
increase scaffold wettability and cell adhesion. We show that scaffold structuration is influenced by time of electrospinning-electrospraying and
concentration of TA. After determining optimal conditions to obtain well-structured scaffolds, cell behavior (adhesion, proliferation, spreading
and migration) was studied on optimized scaffolds. Adhesion of human fibroblasts BJ is the same on the overall scaffold, fiber and cluster. Same
result was gathered with TA functionalized scaffold, showing that adding TA did not enhance cell adhesion. Cell proliferation is satisfactory with
a cell doubling time preserved. There is a delay before cells start to proliferate but total covering is achieved within few days. Cells on fibers
have long and elongated actin filaments following the fibers. Prospective work intends to test longer time period of culture to assess the
production of ECM and its influence on cell spreading in the scaffold as well as cell migration through the scaffold driven by chemotaxis. In
parallel, we work on functionalization to develop a protein gradient on this scaffold in order to induce chemotaxis. Plasma treatment increases
dramatically protein adsorption on PLA fibers with 5 more time proteins adsorbed on treated fibers than untreated ones. Interestingly, kinetics
of adsorption is slow and detectable up to 2 weeks with 2 mg/g (mass of adsorbed proteins by mass of fiber) after 4h to 16 mg/g after 2
weeks of immersion. It does help us to create a gradient by simple controled immersion process. Combining structuration with a protein
gradient will make an ideal scaffold for tissue engineering.
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Cell separation is one of the important technologies in tissue engineering and regenerative medicine. However, conventional cell separation
techniques require modification cell surfaces with fluorescent antibody and magnetic particle, leading to a problem on the transplantation of
the human body. Therefore, the cell separation methods without modification of cell surfaces are strongly demanded. For addressing the issue,
the thermoresponsive cell separation column was developed as new cell separation tool.
Positively charged thermoresponsive polymer, poly(N-isopropylacrylamide-co-N,N-dimethylaminopropylacrylamide-co-n-butylmethacrylate)
modified silica beads were prepared through surface-initiated atom transfer radical polymerization (ATRP). The prepared beads were packed
into a column, and HL-60 or Jurkat cell suspensions were loaded to the column. Subsequently cell culture medium, warmed at 37 °
C, was
flowed to the column. Cell culture medium, cooled to 4 °
C, was flowed to the column. The eluted cell culture medium was collected and the
number of cells in each fraction were counted.
At loading cells to the column, HL-60 was retained to the column. On the contrary, Jurkat was not retained on the column. This is probably
because the negatively charged HL-60 compared to Jurkat trapped on the column through electrostatic interaction. With flowing the cooled
cell culture medium, retained HL-60 eluted from the column. The difference in retention and elution behavior in each column would be applied
to cell separation application.
The developed thermoresponsive column can be modulated cell elution behavior by changing temperature of flowing medium. Thus, the
column would be useful as simple cell separation tool.
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Cell separation is a common first step to many tissue engineering applications, as it can separate the cell of interest from a bulk sample for
further processing or research (e.g. circulating tumor cells; hematopoietic stem cells). Current separation systems have limited sample
throughput and processing speeds, thus rendering the handling of clinical magnitude samples impractical. In addition, some systems function at
inappropriate flow rates or pressures, which can cause damage to the biological sample. This work focuses on the design and development of
a system capable of removing specific cells from the blood by tagging them with functionalized superparamagnetic particles in a mixing
chamber while the blood is flowing through an extracorporeal loop at a physiologically relevant flow rate and pressure. Then, magnetically
tagged cells are extracted as the blood flows through a high-gradient magnetic separation chamber.
Magnetic particle collection was simulated using finite-element analysis (COMSOL®) to solve the magneto-quasi-static Maxwell equations,
following the methods reported in Garraud et al. 1 Magnetic forces on the particles were simulated in 2D for different magnetic array
geometries to determine which arrays produce the highest concentrated field. A 3D simulation of fluid flowing in the separation chamber was
done to determine separation chamber dimensions and capture velocities. The separation chamber was modeled as a flat sheet to maximize
magnetic forces, which fall off exponentially as a function of distance from the surface of the magnetic array. Specifically, the modeling work
focused on optimizing the magnetic to drag force ratio by determining dimensions of the separation chamber, magnetic particle properties, and
magnetic array properties required to capture >97% of the magnetic particles while maintaining the clinically used flow rate and pressure for
extracorporeal loops (1.75-5 L/min and 68-75 mm Hg in cardiopulmonary bypass). In parallel with the modeling, a separation chamber was 3D
printed to use for model validation. Magnetic particle separation studies were performed, and results compared with the model. In future
studies, functionalized magnetic particles will be developed and used for the cell tagging and capture experiments.
This work is supported by NIH R21 EB020807.
1. Garraud, A., et al. Investigation of the capture of magnetic particles from high-viscosity fluids using permanent magnets. TBME, 63(2), 372378, 2015.
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Current developments on nanocomposite hydrogels are generating new bioinspired nanostructured biomaterials for high performance
applications in the field of tissue engineering and regenerative medicine (TERM). Whether they are 0D nanoparticles, 1D nanotubes/nanofibers
or 2D nanosheets, the functional nano-object is a key element in the design of these nanocomposites. We have been developing a range of
nanocomposite hydrogels exploring the intrinsic properties of 1D cellulose nanocrystals (CNC). Among the inherent properties of these
naturally derived rod-shaped nanoparticles are their remarkably high strength and stiffness, convenient surface chemistry for easy
functionalization and lower toxicity compared to other common nanofillers. This set of characteristics make CNC particularly interesting as
reinforcement elements and active crosslinkers of hydrogel networks. Our findings also suggest that CNC might be used as sequestering
entities of bioactive biomolecules to modulate the artificial cell microenvironment and thus direct the fate of encapsulated stem cells.
Moreover, by combining CNC with magnetic nanoparticles (MNP@CNC), we are exploring the ability to control the spatial distribution and
orientation of these hierarchical nanoparticles with external magnetic fields to extend the biomaterial design space and generate bioinspired
ordered structures within the hydrogels. The combined magnetic responsiveness and 3D ordered textures of these hydrogels, typically
unavailable in other homogeneous nanocomposite systems, are envisioned to engineer anisotropic and mechanosensitive tissues (e.g. tendon
and ligament), synergistically guiding encapsulated cell into anisotropic organizations crucial for the functionality of such highly ordered tissues.
Importantly, by using MNP@CNC as remote actuators within injectable hydrogel matrices, these design strategies and stimulation approaches
might be extended to in vivo settings.
These works demonstrate therefore the versatility of CNC as tools to define the functionality of nanostructured hydrogel, widening the range
of potential applications of these biomaterials in the field of TERM.
Acknowledgements
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In the field of hard tissue engineering, metals and alloys are the most approached inert materials for bone substitution based on their excellent
mechanical properties. To make metallic implants more biocompatible and to provide them bioactivity, they should be coated with active
layers of polymeric, vitreous, ceramic or composite nature.
In this work, we report the synthesis of a new type of vitroceramic coatings, belonging to SiO2 - CaO - MgO - P2O5 - ZnO - CaF2 oxide system.
The final materials consist of a glassy matrix in which one of several families of nanocrystals are distributed, expecting a synergistic effect in
terms of performance improvement. Thus, by combining the amorphous structure of the surrounding matrix with the crystallinity of the
embedded phases, new vitroceramic coatings are proposed, with enhanced bioactivity due to the easy dissolution of silica network in the
physiological environment, followed by the deposition of apatite phase, as well as increased biocompatibility based on the presence of
engineered nanocrystals.
The films were grown by two different methods, pulsed laser deposition and spin coating, both starting from a sol-gel procedure. This was
employed for the obtaining of a target, necessary for the pulsed laser deposition experiments, as well as jointed with the spin coating
depositions. The processing parameters were optimized in order to attain high quality vitroceramic layers on top of Ti or Ti-Zr substrates.
The resulting samples were investigated by X-ray diffraction, FT-IR spectroscopy, electron microscopy and associated techniques, as well as in
vitro biological tests, providing information on composition, structure, morphology, biocompatibility and bioactivity.
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Introduction
Bone is a piezoelectric tissue with piezoelectric constants similar to those of quartz, primarily by virtue of collagen type I, the main component
of the organic bone extracellular matrix (ECM). For this reason, the application of piezoelectric materials in bone tissue engineering may
support tissue function. This study described the successful fabrication and characterization of scaffolds made of Poly(vinylidenefluoride-cotrifluoroethylene) P(VDF-TrFE) ultrafine fibers for bone tissue engineering. The effect of collector velocity on fiber size, morphology,
piezoelectric constant d33, as well as cell viability and bone matrix production on the scaffolds were also investigated.
Materials and methods
Electrospinning was used for scaffold fabrication. P(VDF-TrFE) (70:30 in mol%) was dissolved in methyl ethyl ketone (MEK) and electrospun
into fibers using a 20% (w/v) polymer solution, 35 kV voltage, and collector velocity ranging in 0-4000 rpm. Fiber morphology was analysed via
scanning electron microscopy (SEM), average fiber diameter was measured using Image J software. YE2730A meter was used to detect d33
coefficients. Human mesenchymal stromal cells (hMSCs) isolated from the bone marrow were osteo-differentiated on the scaffolds for 7 days, in
static and dynamic conditions.
Results and Discussion
The use of MEK gave rise to nanoporous ultrafine fibers in all the production conditions. Increasing collector velocity up to 4000 rpm reduced
fiber diameter (2.37 µm to 1.32 µm) and improved alignment and d33 of the fibers (0.186 × 10 -12 to 0.578 × 10-12C/N µm). Increasing
collector velocity in the electrospinning process is a widely used method to enable fiber alignment and enhanced piezoelectric properties.
AlamarBlue assay and DAPI staining confirmed hMSC viability during in vitro culture. The initial formation of mineral matrix was revealed by
Osteoimage fluorescent staining. The cell culture results also highlighted that this piezoelectric polymeric scaffold is a promising substrate for
hMSC growth and proliferation with potential for bone tissue engineering applications.
Conclusion
The underlying idea of using piezoelectric scaffolds for bone regeneration is to provide physiologic stimuli to provide bone cells with electric
signals, as occurs in the native tissue.
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Salivary organoids provide a potential opportunity to study the mechanisms of salivary diseases as well as develop a new therapeutic
approach. Multipotent salivary gland stem cells (SGSCs) have a potential to self-organize into salivary cell-containing organoids under threedimensional culture conditions, however, little is elucidated regarding the functions of surrounding stromal cells for generation of salivary
organoids. We first established a salivary organoid using human SGSCs and perivascular stem cells (PVSCs) which enables to study the
interactions with mesenchymal cells. To develop ways to exploit salivary organoids for studying salivary hypofunction, we then tested the
application of it through organoid-derived modeling of radiation-induced salivary hypofunction.
Human parotid SGSCs are cocultured with human umbilical cord-derived PVSCs in the growth factor-reduced Matrigel. To assess the genetic
signature of salivary organoids, we performed microarray and found that the transcripts of salivary organoids were different from respective
SGSCs or PVSCs and similar to salivary epithelial cells or tissues. Progressive differentiation was noted after transplantation of salivary organoids
in vivo. In addition, when we cultured SGSCs with conditioned medium of PVSCs to assess the niche function of PVSCs, the structural marker
levels as well as acinar and ductal functional indexes were declined, suggesting the importance of cell-to-cell contact. Finally, we could
assemble a radiation-inflicted salivary hypofunction-mimicking disease model based on our salivary organoids, in which radiation-induced
structural and functional deterioration caused by depletion of salivary cells were recapitulated. In conclusion, coculture of SGSCs with PVSCs
promotes generation of salivary organoids by supporting cell-to-cell contact and our novel salivary organoid can be used as a disease model of
radiation induced salivary hypofunction.
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Development of perfusion cultivation system or renal organoid for regulation self-organization

sachiko sekiya，tetsutaro kikuchi，tatsuya shimizu
Institute of advanced biomedical engineering and science, Tokyo medical women's university

Due to progress the stem cell biology, several kind of tissues were induced from iPS/ES cells as organoids, like as liver, spleen and kidney.
They have a possibility of overcome an issue of donor shortage for organ transplantation. Moreover, they will be also useful for drug
examination in vitro. However, these organoids has been constructed with immature cells at the traditional cell culture condition. Especially,
renal organoid formed disorderly self-organoization without glomerular vasculature, it need to regulate the self-organization to be progress as
functional tissues. Therefore, the purpose of this study is regulation self-organization in renal organoids by liquid flow in vitro. After renal
organoids were induced from iPS cells, we have perfused them in vitro with devices produced by 3-dimentsional printer．It is expected to
cause morphology change associated with gradation of oxygen, glucose and several growth factors in organoids mature tissue formation in
vitro.
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Microfluidic Tissue Engineering of a 3D Vascularized Tissue-on-a-Chip using Human iPSC-derived Cells to Study
Cancer Immunotherapy

Yu-suke Torisawa1,2,3，Yuta Mishima4，Emi Sano2，Masazumi Waseda4，Hitomi Takakubo4，Chihiro Mori2，Shoichi Iriguchi4，Shin Kaneko4
Hakubi Center for Advanced Research, Kyoto University, Kyoto, Japan，2Department of Micro Engineering, Kyoto University, Kyoto, Japan，3AMED-PRIME, Japan Agency for Medical Research
and Development, Tokyo Japan，4Department of Cell Growth and Differentiation, Center for iPS Cell Research and Application (CiRA), Kyoto University, Japan
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Vascular networks are essential to maintain cellular viability and functions in tissues and organs. Since nutrients and cells are transported by
blood vessels, engineering perfusable vascular networks facilitates to recapitulate cellular microenvironments and organ-level cell functions
inside the body. Here we demonstrate a microfluidic method to form 3D vascularized tissue-like cellular spheroids to recapitulate cellular
microenvironment and to model the interaction between cancer cells and immune cells through a vascular network. Perfusable vascular
networks are formed inside a fibrin-collagen gel in a microchannel by co-culturing vascular endothelial cells with lung fibroblasts which are
known to induce angiogenesis and support vascular networks. Since vascular networks are formed inside a microchannel, solution containing
reagents and cells can be perfused inside the vascular networks through a microchannel. When a cancer cell spheroid containing vascular
endothelial cells and lung fibroblasts was cultured in this device, perfusable vascular networks were formed in the cancer spheroid. Thus, we
used this system to develop a cancer-on-a-chip system to model cancer immunotherapy. To investigate the interaction between cytotoxic T
cells and cancer cells through a blood vessel, allo-reaction between endothelial cells and T cells by mismatching of their HLA will be
problematic. Therefore, we engineered perfusable vascular networks using human induced pluripotent stem cells (hiPSCs). hiPSC-derived
endothelial cells (hiPSC-ECs) characterized by the expression of typical endothelial markers (CD31 and CD144) showed a similar angiogenic
activity to human umbilical vein endothelial cells (HUVECs). We confirmed that the hiPSC-ECs can form 3D vascular networks which can be
perfused with blood cells including T cells. Next, we also generated hiPSC-ECs from MHC classI KO-hiPSCs to confirm the difference of alloreaction between endothelial cells and cytotoxic T cells. CD8+ T cells primed by HUVECs showed higher cytotoxic activity towards HUVECs
than autologous hiPSC-ECs and MHC classI KO-hiPSC-ECs. These findings demonstrate the potential value of the vascularized cancer on-a-chip
for modeling the interaction between T cells and a tumor-like tissue though a vascular network. Generation of in vivo-like functional 3D
vascular networks with these characterized hiPSC-ECs would provide a platform to develop organ-on-a-chip models as well as human disease
models.
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A new microfluidic device supporting mouse spermatogenesis with higher visibility

Hiroyuki Yamanaka1,2，Mitsuru Komeya1,2，Hiroko Nakamura3，Hiroyuki Sanjo1,2，Takuya Sato1，Masahiro Yao2，Hiroshi Kimura3，Teruo Fujii4，
Takehiko Ogawa1,2
1
Laboratory of Biopharmaceutical and Regenerative Sciences, Institute of Molecular Medicine and Life Science, Yokohama City University Association of Medical Science, Yokohama,
Kanagawa, Japan.，2Department of Urology, Yokohama City University Graduate School of Medicine, Yokohama, Kanagawa, Japan.，3Department of Mechanical Engineering, Tokai University,
Hiratsuka, Kanagawa, Japan.，4Institute of Industrial Science, University of Tokyo, Komaba, Meguro-ku, Tokyo, Japan

In 2011, we cultured mouse testis tissues with the classical organ culture method that depends on the air-liquid interphase principle, and
succeeded in the production of fertile sperm from spermatogonial stem cell. Then, we introduced microfluidic (MF) technology expecting that a
microfluidic device which made of polydimethylsiloxane (PDMS) could offer an advantageous microenvironment where tissues and organs can
afford their growth and exerting their functions. In our initial success case, we devised a microfluidic device named ver.5 which incorporated a
porous membrane for separating the sample tissue and the flowing medium. This ver.5 device induced and supported the spermatogenesis in
the mouse testis fragment loaded in it. The spermatogenesis was even maintained for up to 6 months. In the present study, we developed a
new microfluidic device, ver.6, in order to solve the drawbacks of ver.5 device, such as difficulty of device-production, troublesome in sample
tissue loading, and insufficient visibility of the sample tissue in the device. In devising ver. 6 model, we got rid of the porous membrane and
used only one PDMS layer and a glass slide. The upper PDMS layer includes circuit for flowing medium and space for sample tissue setting
which is lined by pillars and slits. This pillar-slit works, in place of the porous membrane, to separate sample tissue from the flowing medium.
The sample tissue sandwiched between the layers of PDMS and glass was thus spread flat. It obtains nutrients horizontally from the medium
running beside, and oxygen vertically through PDMS. The glass set bottom affords higher visibility of the sample tissue with inverted
microscope. We also got rid of inlet tube and a route for tissue loading. Instead, the sample was set in the space just before bonding the two
layers. This tissue loading method was easy and would be applicable to tissues and organs other than testis. The efficiency of spermatogenesis
induction in the ver. 6 device was as same as in the ver. 5 and better than conventional air-liquid interphase method. In addition, when we took
photos of cultured tissue of Acr-Gfp Tg mouse testis in the ver. 6 sequentially every day, morphological changes of acrosome during
spermiogenesis was recorded successfully. Taken together, ver. 6 microfluidic device is easy to make and useful for culturing testis tissue for
inducing and maintaining spermatogenesis with clearer visibility.
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Development of a Microfluidic Organ-on-a-chip to Study Skeletal Muscle Tissue Metabolism

Maria Alejandra Ortega，Alejandro Hernández-Albors，Albert G. Castaño，Xiomara Fernández-Garibay，Ferrán Velasco-Mallorquí，Javier Ramón-Azcón
Biosensors for Bioengineering Group, Institute for Bioengineering of Catalonia (IBEC), The Barcelona Institute of Science and Technology (BIST), 08028 Barcelona Spain

Muscular diseases affect millions of individuals each year, causing muscle atrophy, weakness and/or pain, producing muscle fiber degeneration,
impairment of mobility and even premature death. Current in vitro research has focused on the development of organ/tissue-on-a-chip
platforms capable of evaluating physiological parameters such as cell differentiation, tissue formation and contractibility[1]. Likewise, there is a
high application of microfluidic devices to study different mechanisms such as, tight regulation of the cellular microenvironment with highthroughput culture, analysis of 3D tissues, and screening of drug combinations for individualized medicine[2,3]. However, applications of
biosensing technologies, which could represent an alternative for the best understanding of tissue metabolism, is still missing nowadays. In this
sense, we proposed the development of a microfluidic muscle-on-a-chip where skeletal muscle constructs are located and stimulated. This
biodevice is integrated with amperometric biosensors for an in situ high-sensitive detection of secreted muscle cytokines.
Mainly, a microfluidic device was designed, fabricated and bound on Indium Tin Oxide (ITO)-Interdigitated arrays (IDA) of electrodes. This
device holds an engineered skeletal muscle tissue supported by a 3D scaffold. Cell medium flow rates, sterilization protocols and stimulation
parameters were optimized. In parallel, the biofunctionalization of gold screen printed electrodes for the detection of IL6 and TNF-α was
performed. The detection of these cytokines was preceded by a covalent binding of a carboxylated self-assembled monolayer on the gold
surface, used to anchor receptors to specific detection of targets. The immunoassay was achieved using specific antibodies for each system.
Finally, the biodevice was coupled with the biosensor platform and detection was performed in situ, while electrical stimuli of the muscle tissue
were realized. The curves obtained for both IL6 and TNF-α, showed limits of detection in the pg/mL range, with a low matrix effect from the
cell medium and with a very low signal/noise ratio. The preliminary results here presented, open the frontiers to new technologies with a
promising future in personalized medicine and in drug screening applications.
Agrawal G, et al. Lab Chip 17, 3447, 2017
Bhatia S N et al. Nature Biotech. 32(8), 760. 2014
3
Esch M B, et al. Annual Rev. Biomed. Eng. 13, 55, 2011.
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A Combined Strategy of Human Induced Pluripotent Stem Cells, Organ-on-a-chip Engineering and Precision
Proteomics Analysis for Cardiac Disease Study
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for Heart Research, University of Toronto, Toronto, ON, Canada，6School of Medicine, Boston University, Boston, MA, USA
1

Cardiac fibrosis is believed to be a pivotal pathogenic factor leading to heart disease, which is the most prevalent health problem worldwide1.
Our understanding of fibrosis etiology is hindered by the lack of physiologically relevant disease models of human origin, as the commonly used
monolayer cell culture and animal models are unable to adequately replicate a pathological human heart. Recent advances in stem cells and
tissue engineering technologies have contributed to the emergence of organ-on-a-chip (OOC) models. Our group developed the Biowire II
platform, a human cardiac OOC array using human induced pluripotent stem cells (hiPSCs) derived cardiomyocytes (CMs) for mimicking
cardiac disease. Herein, we report the application of this platform in modeling cardiac fibrosis. By fine-tuning cellular composition and
electromechanical cues of the engineered tissue constructs, a disease model capturing hallmarks of adult human fibrotic myocardium has been
developed. Tissue maturation was achieved with electrical stimulation. Physiological relevance was validated based on multiple fibrotic
parameters including mechanical stiffness, contractile and electrical properties, myofibroblast formation, collagen deposition and
arrhythmogenesis. Through mass spectrometry based proteomic and bioinformatic analysis, a comprehensive profile of molecular pathways
and factors underlying cardiac fibrosis was discovered with this disease model. This combined strategy will enable the generation of diseasespecific cardiac tissues as platforms for exploring a wide spectrum of disease mechanisms, and developing novel therapeutics.
References
1. Leask A, et al. Getting to the heart of the matter: new insights into cardiac fibrosis. Circulation research 116, 1269, 2015.
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Modified Chitosan/PEI Patch Releasing EGF protein and EGFR gene for regeneration of Chronic Tympanic
Membrane Perforation.

MYUNGCHUL LEE1，Kyoung-Je Jang1，Sangbae Park1，Pankaj Garg2，Shanmhavi Pandey2，Bog Hee Kim3，Jong Hoon Chung1,2
1
Department of Biosystems and Biomaterials Science and Engineering, College of Agriculture and Life science, Seoul National University, Seoul, South Korea，2Research Institute for Agriculture
and Life Sciences, Seoul National University, Seoul, South Korea，3Dental Research Institute, Seoul National University, Seoul 03080, South Korea

Damage to the eardrum causes acute pain and can lead to chronic otitis media if it develops into chronic tympanic membrane (TM)
perforations. The chronic TM perforations are usually treated with surgical methods such as tympanoplasty and myringoplasty. However, the
surgeries are not only complicated and difficult but also cost a lot of money. Our research team developed chitosan patches (E-CPs) that
release epidermal growth factor (EGF) as a patch therapy to replace surgical methods. However, there was a limitation in the healing ratio of
the treatment compared to the surgical methods. In this study, we developed an EGF and epidermal growth factor receptor (EGFR) genereleasing polyethyleneimine (PEI)/chitosan patches (EErP-CPs) to increase the regeneration of TM perforations. The addition of PEI increased
the adhesion and migration ability of TM cells on the patches. The simultaneous release of the EGF and EGFR gene further enhanced TM cell
proliferation, adhesion and migratory ability. It was confirmed that the EGF protein and EGFR gene were released for 30 days, however EGF
was released and increased TM cell viability almost immediately after treatment and EGFR took minimum of 3 days before showing its effect on
improved cell viability. It was also shown that EErP-CPs are more hydrophilic and have more positive charge than E-CP because of added amine
groups from PEI. In conclusion, the developed EErP-CPs resulted in improved healing of TM perforations and can potentially be applied to the
regeneration of both chronic and acute tympanic membrane perforations.
Acknowledgment：
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government(MSIT) (No.2017M3A9B4033364). This work was supported by Korea Institute of Planning and Evaluation for Technology in Food,
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Topographical cues enhance the functional maturity of pluripotent stem cell derived  endothelial cells
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Pluripotent stem cell derived endothelial cells (PSCEC) are an attractive alternative endothelial cell (EC) source for various clinical applications.
However, current differentiation protocols yield a heterogeneous PSCEC population, where their specification into arterial or venous subtypes is
uncontrollable. Since arterial and venous ECs are phenotypically and functionally different, inappropriate matching of exogenous ECs to host
site can potentially affect clinical outcomes, exemplified by venous graft mismatch when placed into arterial environment. Necessitating specific
maturation of PSCECs into a more homogeneous arterial or venous population, making it more amenable for clinical applications. We postulate
that substrate topography can modulate PSC-EC maturation into arterial or venous subtypes since both ECs resides on distinctively different
basement membrane architectures and substrate topographies have been shown to regulate mature EC phenotypes and functions. We
conducted comprehensive characterisation of PSCECs, which verified that they were phenotypically and functionally immature as compared to
primary coronary arterial EC (HCAEC) and saphenous vein ECs (HSaVEC) but did not exhibit any subtype bias. We then employed a Multi
Architectural Chip (MARC), consisting of 16 unique topographies on one polydimethylsiloxane (PDMS) substrate, to screen and identify
topographies that can differentially modulate the expression of arterial and venous specific markers (Notch & COUP respectively) in the
PSCECs. Five topographies, including different gratings and convex micro lenses, were screened out based on the cellular expression of Notch
and COUP, which have been validated to be able to distinguish between HCAEC and HSaVEC. These topographies were further tested for their
functional effects on PSCECs, including low density lipoprotein (LDL) uptake, Nitric Oxide synthesis, angiogenic potential and
immunophenotypes. We discovered that dominant effect of all substrate topographies investigated, was on the functional maturation of
PSCECs into an arterial phenotype, indicated by enhanced Notch expression, higher LDL uptake and augmented angiogenic potential. This
denoted that the default PSCEC maturation pathway mediated by substrate topography may be towards arterial phenotype, which further can
be combined with other environmental augmentation, like soluble factors and shear stress, to obtain purer arterial cell source for various
clinical applications.
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Injectable In Situ-Forming Hydrogel Based on RGD-Conjugated MPEG-PCL for Enhancing Bone Regeneration
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Poly(ethylene glycol)-b-poly(e-caprolactone) (MPEG-b-PCL; MP) hydrogel, which exhibit sol-gel transition behavior at body temperature, has
been extensively studied as an attractive material in the biomedical engineering. Nevertheless, the hydrogel has limitations in clinical
application due to its weak binding affinity with cells. Conjugation of Arginyl-Glycyl-Aspartic acid (RGD) to the hydrogel might be a good tool
for overcoming the poor cell binding affinity because the peptide can regulate cell adhesion. In this study, along with maintenance of thermoresponsiveness, the optimum formulation of RGD-conjugated MPEG-PCL (MP-RGD) hydrogels was examined to enhance focal adhesion
formation between cells and hydrogel, and osteogenic differentiation. The conjugation of RGD to MP polymer was confirmed by the detection
in proton nuclear magnetic resonance (1H NMR) spectroscopy. The viscoelastic measurement and tilting method indicated that MP-RGD
hydrogels containing less than 2.4 mM of RGD had sol-gel transition at 37 °
C. In vitro experiments revealed that α2, α5 and β1 integrin
expression of MSCs were markedly elevated under MP20-RGD2.4. Fluorescence stain of F-actin/plasma membrane and focal adhesion kinase
(FAK) /phosphorylate FAK (pFAK) indicated that the integrin binding dominated the adhesion in MP20-RGD2.4. Western blotting analysis showed
that FAK, AKT (protein kinase B), extracellular signal-regulated kinase (ERK) and their phosphorylated proteins were increased in MP20-RGD2.4.
The expressions of osteogenic markers were also increased in MP20-RGD2.4. In vivo studies exhibited that MP20-RGD2.4 promoted new bone
formation in calvarial defect model by histological evaluation and micro-CT analysis. In conclusion, MP20-RGD2.4 may initiate the integrin
mediated signaling that elicit the desired cellular activities for bone tissue regeneration.
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Fabrication of visible marker on decellularized tissue for non-invasive techniques via sputtering
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Decellularized tissue is a living body-derived material, and is useful as a scaffold material applied for regenerative medicine and replacement
surgery. It is because that it retains the native collagen fiber organization while it does not contain viruses or cells, which are the causes of
immune rejection. However, decellularized tissue has a drawback in that it is indistinguishable from other tissues in a living body by noninvasive diagnostics such as ultrasonography, magnetic resonance imaging (MRI), and computed tomography (CT) when it is placed in the
body. Therefore, fabrication of a visible marker on the decellularized tissue is highly required. In this study, the visible marker for echo imaging
was prepared by sputter deposition technique. Characterizations and biological evaluations of the tissues were carried out.
We used balanced magnetron sputtering in this study. The sputtering conditions were as follows: target; titanium, substrate; bovine
pericardium decellularized tissue, power; 200 W, Argon pressure; 1.5 Pa, and target-substrate (T-S) distance; 93 mm. To partially deposit the
titanium films, a honeycomb-structured mask with holes of 3 mm in diameter was placed on the tissue during the sputtering. Samples with the
film thicknesses of 500 nm, 1000 nm and 2000 nm were prepared. They were successfully deposited on the decellularized tissues without the
heat denaturation of them.
The sputtered samples and a non-sputtered sample were implanted under the skin of a Wistar rat. After that, echo imaging was carried out
immediately. In addition, echo imaging and visual observation were also performed after 2 weeks breeding. By the immediate echo
observation, sharply defined dots were confirmed for partially sputtered samples. A fully sputtered sample without the honeycomb mask could
be observed as well. The sample of 2000 nm thickness was observed most easily, while non-sputtered tissue could not be observed. The
titanium thin films did not show any degradation after the 2 weeks of breeding. By the visual observation, angiogenesis or inflammatory
reaction were not confirmed around the embedded sample. In summary, it was demonstrated that the titanium films, sputter deposited on
decellularized tissues, were suitable as echo observable markers.
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Extracellular matrix-like surface-modified polycaprolactone scaffold fabricated via meltingelectrohydrodynamic process for bone tissue regeneration

Kim Juyeon，WonJin Kim，Minseong Kim，GeunHyung Kim
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In tissue engineering, the structure of extracellular matrix (ECM) has been mimicked to provide biocompatible microenvironment for cells to
proliferate, since it provides high level of cell adhesion. In this study, we used melting-electrohydrodynamic (M-EHD) process to fabricate ECMlike surface-modified structure by using mixture of polycaprolactone (PCL) and polyvinyl alcohol (PVA) for bone tissue regeneration. The M-EHD
process which enables size reduction of struts using high voltage was used to utilize two melted solution in high temperature. Surface
nanoroughness was obtained by eliminating PVA from the PCL/PVA scaffold. Furthermore, M-EHD process made it possible to fabricate nano
scale surface-modified sturctures by reducing the entire size of the strut. The cell proliferation and differentiation of the surface-modified PCL
structure were evaluated using osteoblasts for bone tissue regeneration. Results from live/dead and DAPI/phalloidin staining proved that ECMlike surface had higher cell proliferation and cellular differetiation than smooth surface. This interesting ECM-like surface-modified structure may
become an innovative way to have surface nanoroughness of M-EHD scaffolds for bone tissue regeneration.
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Bone Tissue Regenerative Scaffold of a-TCP/Cellulose fabricated using Electrohydrodynamic printing (EHDP)
process
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In tissue engineering, cellulose has been commonly used as a biomaterial due to its micro/nano fiber formation ability. These micro/nano-fibers
are a favored micro-structure for regenerative scaffold owing to the similar structure to extracellular matrix (ECM), and provide cells an ECMlike environment promoting cell-adhesion and -proliferation. To embody these cellulose fibers, some studies have used electrospinning process,
but it revealed difficulties in building up layers for 3D structure. Moreover, cellulose itself has a limitation to be used in bone tissue regeneration
owing to its low osteoconductivity. To compensate for these limitations, we designed a new composite structure using electrohydrodynamic
printing (EHDP) process to obtain the 3D stacked structure consists of micro/nano fibrous struts. Additionally, as a printing material, we mixed
cellulose with a-tricalcium phosphate (a-Ca3(PO4)2; a-TCP) which enhances mechanical property and cellular activities including
osteoconductivity. This EHDP process was examined with various conditions such as the mixture ratio of a-TCP/cellulose, flow rate, distance
between nozzle and target ground, and applied electric field. Then, using the fabricated cellulose/a-TCP composite scaffold, we cultured
preosteoblasts (MC3T3-E1) to examine cellular activities. To compare the EHDP-scaffold with the control scaffolds, we used randomly sprayed
mat and purely printed scaffold without nanofibers. As a result, EHDP-scaffold revealed higher cellular activities in cell-adhesion, -growth, and
-differentiation. These results suggest that EHDP fibrous structure of a-TCP/cellulose can be a promising tissue engineering scaffold for
biomimetic structure similar to natural ECM and reasonable osteoconductivity.
1. R. Dimitriou, E. Jones, D. McGonagle, and P. V. Giannoudis, BMC Med. 9, 66, 2011
2. S. H. Ahn, H. J. Lee, and G. H. Kim, Biomacromolecules 12, 4256, 2011
3. S. Hinderer, and K. Schenke-Layland, Adv. Drug Deliv. Rev. 97, 260, 2016
4. X. Liu, L. A. Smith, J. Hu, and P. X. Ma, Biomaterials 30, 2252, 2009
5. K. M. Woo, J.-H. Jun, V. J. Chen, J. Seo, J.-H. Baek, H.-M. Ryoo, G.-S. Kim, M. J. Somerman, and P. X. Ma, Biomaterials 28, 335, 2007
6. J. M. Holzwarth and P. X. Ma, Biomaterials 32, 9622, 2011
7. M. Kim, H.-s. Yun, and G. H. Kim, Sci. Rep. 7, 3166, 2017
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3D-printing is an additive manufacturing technique, increasingly applied to fabricate fibrous scaffolds for tissue engineering. Although it is
possible to precisely control pores geometry and internal architecture through 3D printing, scaffolds with standard pseudo-circular fibers (CFs)
show inadequate cell adhesion after dynamic seeding. The goal of this work was thus to increase the number of adherent cells, by modifying
the shape of the cross-sectional area of 3D printed scaffold fibers. Multi-lobed fibers (MLFs) PLA scaffolds were designed and fabricated
through a FDM-based 3D-printer by depositing adjacent parallel cylindrical fibers to form composite structures characterized by a non-circular
cross-sectional area. Dynamic seeding of MG63 cells on the 3D printed scaffolds (d=8mm, h=4mm) was performed through an oscillating
perfusion bioreactor. After seeding we evaluated seeding efficiency (SE), cell viability (CV) and cell proliferation (CP), through Alamar Blue and
CyQuant assays. Distribution of adherent cells was analyzed through MTT staining and immunostaining with DAPI and phallacidin. Fluid
dynamic characterization was performed through computational simulations (CFD) using ANSYS Fluent in volumetric sections of the scaffolds
imposing translational periodicity on inlet and outlet, symmetry on lateral sections and no-slip conditions on the fibers. SE and CV after
dynamic seeding increased significantly in MLFs scaffolds as compared to CFs controls (p<0.0001), demonstrating that fiber shape can
influence cell adhesion to the scaffolds. Furthermore, MTT assays and immunostaining showed that cell distribution and morphology were
influenced by fiber shape, resulting in increased spreading of adherent cells and their alignment along the direction of MLFs. As highlighted by
CFD simulations, shear stress values induced on CFs and MLFs by the dynamic culturing system were similar and remained below the
maximum physiological levels. Experimental results from cell culture confirmed that fiber shape modification is not detrimental for adherent cell
viability, since CP and CV at 3 and 7 days of culture were not statistically different between CFs and MLFs. In conclusion, the modification of
the cross-sectional area of 3D-printed fibers significantly increased dynamic-SE, enhancing cells adhesion to the scaffold and influenced cell
distribution and morphology, not affecting cell proliferation.
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Efficacy of Visible Light-Cured Glycol Chitosan Hydrogel Containing b-CD/Curcumin Inclusion Complex on the
Improvement of Wound Healing In Vivo
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Scarless wound healing is an ideal treatment to patients that suffer from skin diseases. In this study, we designed and prepared a wet dressing
(b-CD-ic-CUR/GC) based on visible light-cured glycol chitosan (GC) hydrogel and the inclusion complex between beta-cyclodextrin (b-CD) and
curcumin (CUR), and evaluated its efficacy on the acceleration of wound healing as compared to CUR-loaded GC (CUR/GC). After visible light
irradiation, the surface/cross-sectional morphologies and storage /loss moduli were characterized by SEM and rheological measurement,
respectively, resulting in hydrogel formation with interconnected porosity. b-CD-ic-CUR/GC exhibited a controlled release of 90% CUR in a
sustained manner for 30 days, on the other hand, CUR/GC had CUR release of 16%. b-CD played an excipient in improving the water-solubility
of CUR and it affected the release behavior of CUR. The in vivo animal test including remaining wound area and histological measurements
showed b-CD-ic-CUR/GC may have potential as a wet dressing agent for clinical use.
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Human corneal endothelial cells (CECs) possess extremely limited regenerative potential. Dramatic loss of CECs results in endothelial
dysfunction, thus leading to corneal edema and opacity and can be sight-threatening. Currently, corneal transplantation remains the only
solution to improve patients’ visual acuity. However, worldwide shortage of donors continues. Additionally, the endothelial density of the
harvested donor cornea can be reduced owing to various factors and thereby less than the threshold required for transplantation. Typically, a
high pre-operative endothelial cell density is required in order to offset the postoperative cell loss and ensure graft survival. Biomaterial-based
culture platform with enhanced structural support may provide a route for increasing the cell density of donor corneas or engineering artificial
corneas. In this work, a three-dimensional (3D) stimuli-responsive fibrin gel with customizable stiffness is developed as a scaffold for cultivation
of corneas. The converting enzyme thrombin is encapsulated in a liposomal carrier system before mixing with fibrinogen and various amounts
of porogen particles. By adjusting the ratio between thrombin and fibrinogen, the mechanical property of the fabricated fibrin gel can be
modulated. Our in vitro results demonstrated that the as-prepared fibrin gel exhibits suitable biocompatibility and can be employed for ex vivo
cultivation of corneal endothelial cells. A rabbit model of corneal endothelial dysfunction for penetrating keratoplasty will be established to
determine if the primary or artificial corneal buttons treated by the aforementioned protocol can effectively reduce the rate of primary graft
failure.
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Injectable Tr/Agn Hydrogels for Retinal Pigment Epithelial (RPE) Regeneration

Eunyeong Shin，Jong Ho Park，Myeong Eun Shin，Ha Yan Jeon，Jeong Eun Song，Gilson Khang
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Injectable hydrogels have fabricated by ionic cross-linking method and the representative injectable hydrogel is alginate. Taurine acts as a
neurotransmitter in the retina and stabilizes the structure of the retina by inhibiting the oxidation of phospholipids present in the photoreceptor
cell membrane. In this study, we conduct an injectable taurine (Tr) -containing alginate (Agn) hydrogels that can treat AMD (Age-related
macular degeneration) by regenerating RPE (retinal pigment epithelium) cells. Porosity and swelling ratio were measured to evaluate the
mechanical properties of the scaffolds, and fourier transform infrared spectroscopy was measured to evaluate the physical and chemical
properties. RPE cells extracted from the pigmented rabbits were encapsulated in the Tr/Agn hydrogels. Cell proliferation and migration were
improved in Tr/Agn hydrogels and these cells were highly expressed the RPE-specific mRNA, such as RPE65, CRALBP, NPR-A. The scaffolds
transplanted under the subcutaneous were exhibited excellent biocompatibility and biodegradability without inflammatory response.
Moreover, When the Tr/Agn hydrogel was injected into the subretinal space, high adhesion of RPE cells and retinal regeneration were
confirmed. Collectively, the injectable Tr/Agn hydrogels have the potential for the treatment of retinal diseases such as AMD.
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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Surgical methods, such as suture, cautery and stapling, are ineffective for covering organ laceration. Therefore, recent studies have been
focused on the development of hemostatic patches for overcoming the drawback. Therefore, hemostatic patches have recently been
recognized as a great alternative to these laceration treatments. Here, we designed poly(lactic-co-glycolic acid) (PLGA) meshes immobilized
with thrombin which can enhance the hemostatic effect. After argon plasma treatment of PLGA, various concentration of thrombin (1, 2 and 4
IU/cm2) was treated (THR-PLGA), and their efficacies on hemostasis were evaluated in vitro and in vivo. The surface chemical composition and
surface contact angle of THR-PLGA were characterized by ATR-FTIR, XPS and contact angle measurement, respectively. Reactivity of thrombin
activated on THR-PLGA was evaluated using a chromogenic substrate assay. It was confirmed that efficiency of thrombin fixed to PLGA was
about 35.92 ± 7.11%. Thrombin activity on PLGA/THR was evaluated using a chromogenic substrate assay. The rate of activation of FXIIIa was
also measured by measuring the transglutaminase activity via the production of ammonia in rat plasma. The in vitro and in vivo tests exhibited
that THR-PLGA meshes exhibited higher thrombin and FXIIIa activities than pristine PLGA. In particular, THR4-PLGA showed a rapid hemostatic
effect. Our findings suggested that THR4-PLGA mesh may have a potential as hemostatic agent for treatment of organ laceration.
Acknowledgment: This research was supported by the grant of ministry of Trade, Industry and Energy (MOTIE) (Grant no. 10047811).
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Damage to the articular cartilage by wear and tear represents one the most common causes of disability in older adults. While the number of
people affected is likely to increase due to the aging of the population, a solution to this problem remains still elusive.
Clinical methods to repair articular cartilage are mainly based on microfracture techniques that recruit mesenchymal stromal cells (MSCs) from
the bone marrow, filling the damaged area. However, this results on the formation of fibrocartilage with unpaired cell phenotypes and
mechanical properties. It appears essential to develop scaffold materials capable of driving cell differentiation and supporting the mechanical
loads applied onto the knee.
Traditional scaffold fabrication techniques such as thermally induce phase separation (TIPS) lead to the formation of materials with features
relevant to the cell microenvironment (< 100 µm), allowing for cell-biomaterial interactions but, lack of sufficient mechanical properties.
Additive manufacturing (AM) is a simple and patient-customizable solution for the fabrication of scaffolds with tuneable mechanical properties,
representing an ideal platform for the regeneration of cartilage defects. However, AM scaffolds present features (pore and fibre size) that range
on several hundreds of micrometres, hindering the biomaterial driven differentiation processes. It is essential to create scaffolds that account
for features relevant to the cell microenvironment and that are capable of supporting the loads applied onto the knee in order to control cell
distribution, differentiation (via biomaterial-cell interactions) and the formation of a neo-tissue that mimics the native cartilage.
We developed a combined AM and TIPS technique that results on the production of mechanically robust polymeric scaffolds that account for
an interconnected dual-porosity; structural (> 100 µm) and within the fiber (50-100 µm). Cells cultured within dual-porosity scaffolds are able
to migrate through and along the fibers and accommodate on their pores at only 24h, resulting on a controlled cell microenvironment. After 21
days, cells populate the entire fibers resulting on a controlled cell distribution. The controlled cell microenvironment on these scaffolds is
further exploited on the differentiation of MSCs towards chondrogenic phenotypes, resulting on controlled cell-biomaterial interactions, cell
distribution and mechanical properties that mimic the native tissue.
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Generally, severe nerve injury is quite difficult to regenerate spontaneously. For this reason, many studies have developed various methods to
recover the severe nerve injury. In this study, we designed biomimetic matrices composed of aligned laminin-polydioxanone/collagen (LamPDO/Col) core-shell fibers, and investigated their effects on neuronal cell behaviors. The aligned Lam-PDO/Col core-shell fiber matrices were
fabricated using magnetic field-assisted electrospinning with the coaxial system, and their physicochemical and mechanical properties were
characterized. In addition, the cellular behaviors of HT-22 mouse hippocampal neuronal cells on the matrices were examined. Our results
showed that the Lam-PDO/Col core-shell fibers were highly aligned, and the Col and Lam were uniformly dispersed in the PDO fibers. These
results indicated that the aligned Lam-PDO/Col core-shell fiber matrices were successfully fabricated. In addition, Lam was sustainedly released
from the matrices as they were gradually degraded. Moreover, the aligned Lam-PDO/Col fiber matrices effectively improved the cellular
behaviors of HT-22 cells including initial attachment, proliferation and neurite outgrowth. In conclusion, our findings suggest that the aligned
Lam-PDO/Col core-shell fiber matrices can serve as potential scaffolds for neuritogenesis and neural tissue engineering.

a92921

02-P469

Assessment of the Biodegradable Synthetic Films Potential for Tissue Engineering
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To repair damaged tissue it is vital to ensure that the biomaterial is able to mimic the complex elasticity of the native tissue. Huge efforts have
been invested into the development and design of appropriate elastomeric biomaterials to match the tissue of choice.
It has been demonstrated substrate stiffness has a huge influence on cellular growth, motility and phenotype maintenance. The main goal of
the present study is to characterize extensively a set of polymeric films with a wide range of mechanical properties.
A range of synthetic biodegradable polymers was selected according to the physico-chemical intrinsic properties of aliphatic polymers with
similar chemistry (ie. absorbable polyesters made from lactic acid, glycolic acid, trimethylene carbonate, dioxanone, caprolactone), however
show different mechanical and degradation properties. The films were manufactured by thermal presser and then characterized by scanning
electron microscopy, differential scanning calorimetry, nuclear magnetic resonance spectroscopy and Fourier transform infrared spectroscopy.
The mechanical properties of the films were assessed by uniaxial tensile tests in wet conditions and also by atomic force microscopy. In vitro
assays were performed using human dermal fibroblasts to assess the cell cytocompatibility and proliferation of the films. Human adipose stem
cells were cultured on polymeric films to access their differentiation potential using differentiation media. The differentiation ability was
determined by histological and biochemical analysis.
It was possible to successfully produce polymeric films using a large range of polyesters using a thermal presser. The chemical properties of
the films were characterized using appropriate methods. The mechanical properties of the materials are within the range intended for
musculoskeletal tissue repair. Biological assays showed good cell adhesion, cell proliferation and cell viability. Stem cells were able to
differentiate into adipogenic, osteogenic, chondrogenic and tenogenic lineages.
Overall the selection of polymers gives us good options for a potential tissue repair scaffolds. In the future, the combined effect of stiffness and
topography will be assessed on cell phenotype maintenance.
This work received funding from H2020-MSCA-ITN-2015 - Tendon Therapy Train - Project N°676338. It has also been supported from Science
Foundation Ireland and the European Regional Development Fund (Grant Agreement Number: 13/RC/2073).
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Extracellular cell matrix (ECM) based scaffolds has been suggested as promising materials for replacing damaged tissues to restore and
maintain a normal function. ECM based scaffolds were generally prepared using decellularization process. Sonication decellularization system
have been developed to produce bioscaffolds that completely decellularized in short treatment time. This method disrupts the cells membrane
and releases the cell components to external environment with subsequent washing facilitated by Sodium Dodecyl Sulphate (SDS) to remove
the cells. However, this is important to confirm the sonication decellularization system do not detrimentally affects the architecture of ECM
based bioscaffolds. This study evaluates the effect of sonication treatment on the extracellular matrix integrity of aortic tissues. Aortic tissues
were decellularized under sonication treatment for 10 hours at frequency of 170 kHz in 0.1% and 2% SDS. The sonication treated samples
were evaluated by Hematoxylin Eosin (H&E) staining for cell removal, Pico Sirius Red (PSR) staining for visualizing collagen, Elastic Van Gieson
(EVG) staining for visualizing elastin, Scanning Electron Microscopic (SEM) photograph for scaffolds surface, collagen and elastin assay for
collagen and elastin content and DNA quantification for DNA remnant within the bioscaffolds. The results showed that the sonication
decellularization system completely remove the cell components with preservation of collagen network and elastin fibres on bioscaffolds
surface. The DNA content in bioscaffolds was significantly reduced compared to native samples. These results indicate the efficiency of
sonication decellularization system to prepare completely decellularized bioscaffolds while preserving the bioscaffolds structure suggesting this
treatment could be applied widely as one of an alternative method.
The authors thank the Kulliyyah of Allied Health Sciences, International Islamic University Malaysia (IIUM), Kuantan Campus, and Tissue
Engineering and Regenerative Medicine Research Team, IIUM for their support. The authors also express their gratitude to Ministry of Higher
Education for partly support through Fundamental Research Grant Scheme (FRGS17-026-0592), Prototype Research Grant Scheme (PRGS16002-0033) and Transdiciplinary Research Grant Scheme (TRGS16-02-001-0001).
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Mesenchymal stem cells (MSCs) are recognized for their multi-potency and developmental responsiveness to the microenvironment. Studies
employing MSCs to repair articular cartilage defects have revealed that the fibrocartilage-like phenotype is a common outcome of
chondrogenic tissue engineering efforts yet, exhibits inferior mechanical and biochemical properties. Recent evidence suggests that brief, low
amplitude pulsed electromagnetic field (PEMF) are capable of improving the chondrogenic outcome of MSCs in scaffold-free micromass
cultures. Nonetheless, as the application of MSCs for cartilage repair requires a scaffold to serve as a carrier for the delivery of MSCs the
objective of this study was to explore the effects of PEMFs over MSC chondrogenic induction on surfaces of distinct topographies. It has been
previously shown that MSCs seeded on aligned and random electrospun nanofibrous scaffolds adopt different morphologies and cellular
alignments. The chondrogenic markers, COL II and Aggrecan, were significantly upregulated on randomly-oriented scaffolds compared to tissue
culture plastic (TCP). Exposure to PEMFs, administered at 2mT for 10mins was capable of enhancing the chondrogenic outcome of MSCs
plated onto TCP. These findings indicate that PEMFs are capable of enhancing the chondrogenic induction of MSCs on scaffolds for subsequent
clinical applications.
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Introduction: Since the use of thermoplastic polyesters is limited by their mechanical stiffness, synthetic polyester-based elastomeric scaffolds
can find various applications in tissue engineering1,2. However, their main drawback is their hydrophobicity which leads to a lack of favorable
cell signalization. Porous biodegradable scaffolds based on poly(ester-urethane) were recently developed in our laboratory3. With the aim to
promote cell responses, the present study focuses on their functionalization with polysaccharides and their bioactivation with biomolecules.
Methods: Functionalized poly(ester-urethane) scaffolds were prepared based on a polyHIPE method 3. After sterilization, scaffolds were
bioactivated. The evidence of functionalization and bioactivation were provided by colorimetric methods. The scaffold degradation was
investigated through various analyses. In vitro assays were carried out using fibroblasts. Cells were grown up to confluence and scaffolds were
set down onto the cell mats to achieve cell infiltration. ESEM and DAPI staining were employed to visualise the cells within the scaffolds.
Results and Discussion: The polysaccharide-functionalization was obtained in a very homogeneous way, was stable after scaffold sterilization
and incubation in PBS, and did not change the scaffold degradation behavior. Biomolecules readily penetrated into the functionalized scaffold
leading to a biological frame on the pore walls. The in vitro study demonstrated that the scaffold modification drastically improves the cells
migration. Moreover, cells inhabit scaffold in a more naturalistic morphological pattern, and interact on all sides with the scaffold.
Conclusion: Our work brings out an easy and versatile way of developing functionalized and bioactivated elastomeric poly(ester-urethane)
scaffolds with better cell response.
References:
1. Chen WLK et al. Adv Drug Deliver Rev. 63, 269, 2011.
2. Bettinger CJ. Macromol Biosci. 11, 467, 2011.
3. Changotade S et al. Stem Cells Int. 283796, 2015.
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Hydrogels are used as promising substrates for cartilage regeneration because it contain high water content, homogeneously encapsulate cells,
efficiently transfer elements, and easily manipulate physical properties. Hydrogels mimic the chemical and physical environments of ECM and
therefore are ideally cellular microenvironment for cells proliferation and differentiation. Gellan Gum (GG) has been applied as an effective
hydrogel for tissue engineering, especially for cartilage regeneration. GG is a linear, anionic extracellular polysaccharide composed of a
tetrasaccharide repeating unit of two β-Dglucose, one β-D-glucuronic acid and one α-L-rhamnose. GG hydrogel has good mechanical
properties as well as biocompatibility and can be conveniently prepared for injectable hydrogel. However, GG alone is not enough to provide a
biological environment. Demineralized bone particles (DBPs) are known for a biomaterial which comprise of collagen, proteoglycan matrix and
bone morphogenetic protein (BMP). Demineralization process of DBPs lower the viral activity and prevent harmful host tissue reaction during
transplantation. Herein, a composite of DBPs and GG was fabricated to increase cell viability, cell adhesion, chondrogenesis in vitro, and
enhance articular cartilage regeneration in vivo. DBPs/GG hydrogel was characterized by measuring water uptake, swelling ratio, porosity, ATRFTIR and Bio-LV SEM. Cell viability was measured by MTT assay, sulfated glycosaminoglycan (sGAG) content and mRNA expression analysis
was examined for chondrogenesis. Furthermore, in vivo study showed biocompatibility and articular cartilage regeneration ability of DBPs/GG
hydrogel. Overall, DBPs/GG hydrogel appears to be a promising substrate for cartilage regeneration.
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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Titanium (Ti) and its alloys have been extensively used as dental fixtures and orthopedic implants. However, there have been still challenges
regarding the bioinertness of Ti-based substrates. To address these challenges, recent efforts have been made to introduce bioactive coatings
on the Ti-based substrates through various surface modification technologies such as plasma spraying, acid-etching, grit-blasting, and
biomaterial coatings. Herein, we developed nanopatterned Ti surfaces by using an electrochemical nanopattern formation (ENF) process to
enhance interfacial interactions between bone tissues and Ti-based substrates. In addition, the cellular behaviors of human mesenchymal stem
cells (hMSCs) on nanopatterned Ti surfaces were investigated. Our results showed that the nanopattern dimples with 120 nm diameter were
successfully produced on the Ti substrates, and nanoscale pores with 10 nm diameter were formed in the dimples. In addition, the cellular
behaviors of hMSCs, including proliferation, alkaline phosphatase activity and extracellular calcium deposition, were significantly enhanced on
the nanopatterned Ti substrates. Furthermore, the expression levels of osteogenic proteins including osteopontin (OPN) and osteocalcin (OCN)
were assessed by an immunoblot analysis. It was revealed that the Ti surface with ENF can greatly increase the expressions of OPN and OCN.
These findings indicated that the Ti surface with ENF can be employed for orthopedic and dental applications. In summary, it is suggested that
the Ti surface with ENF is quite beneficial to osteogenic differentiation, and the ENF process can be a promising technique for coating of
osteointegrative implant material.
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Evaluation
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The retinal pigment epithelium (RPE) plays a significant role in retaining structural integrity of eye. Factors such as reduction in cell regeneration
due to aging and physical injury pose a major hurdle in RPE regeneration. In this study, we exploited the use of alginate (AGT) incorporated
with Curcumin (CCI) forming a hydrogel based system CCI/AGT. The fabricated scaffold had a porous structure that could anchor retinal cell in
it. The physical and chemical parameter of the scaffolds were characterized by degradation, porosity, viscosity, SEM, FT-IR, DSC, swelling test,
etc. In vitro cell proliferation, cell viability assays and mRNA expression analysis revealed that the CCI/AGT scaffold showed good
biocompatibility, excellent degradability, higher cell growth ability and extracellular matrix formation compared to pure AGT hydrogel scaffold.
Furthermore, in vivo transplantation of CCI/AGT scaffold under the sub-retinal space demonstrated its ability to perform as a cell delivery
vehicle and its inherent capability to provide an appropriate environment for RPE regeneration. These results suggest that CCI/AGT scaffold
could be translated into a potential surgical graft for biological implantation of retinal tissue engineering.
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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Multifunctional Acrylate Hydrogel as Synthetic Bone Graft Material
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Large voids in bones, originated by either accidents or diseases, need the surgical intervention of a bone graft as bone self-healing properties
would not be sufficient to repair the damaged tissue; because of the rising demand of bone graft materials and the unsatisfactory properties of
the current gold standard technique (autologous graft), novel artificial bone graft materials are needed. A bone graft to be successful must be
osteoconductive, osteoinductive and promote osteogenesis, ideally, antimicrobial activity would also be required. Such materials would remove
the additional surgical site to extract the tissue with associated pain during recovery and risk of infection along with the limited amount of bone
that can be explanted; however no currently available biomaterials exhibits all the required properties.We prepared hydrogels using PEGMEM
(poly(ethylene glycol) methyl ether methacrylate) and DEM (2-(Dimethylamino) ethyl methacrylate) in the presence of ammonium persulfate
(APS) dissolved in a aqueous solution; bis [2-(methacryloyloxy)ethyl] phosphate was used as cross-linker. Osteoinductive drug
(Dexamethasone, DEX) was encapsulated within the hydrogel mixture through dissolution in the oil phase of an emulsion. Immersion in SBF
caused hydroxyapatite accumulation on the hydrogels as confirmed by XRD and SEM, showing that these hydrogels are a biomimetic material,
capable of facilitating the deposition of hydroxyapatite on its surface. Moreover, rheological analysis showed material had good viscoelastic
properties. The hydrogels also showed good osteoconductive properties by supporting osteoblast cell viability, shown by MTT and Alizarin red
assays. Addition of Sr and Zn further enhanced osteoconductivity and conferred antimicrobial activity to the material as tested against
Staphylococcus epidermidis and MRSA. The hydrogels containing DEX in an emulsion also had better osseinductive properties on mesenchymal
stem cells than hydrogels containing the same amount of DEX (as Dexamethasone phosphate) directly dissolved in the water phase.This
hydrogel is a promising novel type of bone filling material which shows simultaneously good mechanical, osteoconductive, osteoinductive and
antimicrobial properties.
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Collagen, the main component of ECM(extracellular matrix), plays a role as cell attachment, migration and differentiation of tissue. Thereby,
collagen has been used to produce structures similar with topological structure to ECM in tissue engineering. However, fabricating structures
similar with ECM by using collagen is necessary to use a high toxic solvent. Therefore, the cell survival rate is low and it has limitation to apply
in tissue engineering due to fabricating only in 2D(two dimensional) mats structures. To solve these problems, Kim et al. selected low toxic
materials and fabricated 3D(three dimensional) fibrous collagen scaffolds by EHD(electrohydrodynamic) jet process. In order to use pure
collagen with low electrical conductivity, it was mixed with high conductive polymers to form EHD jet process so that fibrous collagen scaffolds
were fabricated by dissolving high conductive polymers. To ensure the stability of the fabrication process, various parameter studies(flow rate,
electric field, height, feeding seed etc.) were conducted. When nerve cells were cultured on the fabricated 3D fibrous collagen scaffolds, 2D
fabricated collagen mats and solid free-form process got higher cell activation and differentiation results than structures with similar topological
structures. Through this study, 3D fibrous collagen scaffolds may play a potential role in future neuro-regenerative medicine.
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Poor regenerative potential of cartilage tissue due to the avascular nature and lack of supplementation of reparative cells impose an important
challenge in recent medical practice towards development of artificial extracellular matrix with enhanced neo-cartilage tissue regeneration
potential. Chitosan (CH), poly (L-lactide) (PLLA), and pectin (PC) compositions were tailored to generate polyelectrolyte complex based porous
scaffolds using freeze drying method and crosslinked by 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide (EDC), N-hydroxysuccinimide (NHS)
solution containing chondroitin sulfate (CS) to mimic the composition as well as architecture of the cartilage extracellular matrix (ECM). The
physical, chemical, thermal, and mechanical behaviors of developed scaffolds were done. The scaffolds were porous with homogeneous pore
structure with pore size 49-170 µm and porosities in the range of 79 to 84 %. Fourier transform infrared study confirmed the presence of
polymers (CH, PLLA and PC) within the scaffolds. The crystallinity of the scaffold was examined by the X-ray diffraction studies. Furthermore,
scaffold shows suitable swelling property, moderate biodegradation and hemocompatibility in nature and possess suitable mechanical strength
for cartilage tissue regeneration. MTT assay, GAG content, and attachment of chondrocyte confirmed the regenerative potential of the cell
seeded scaffold. The histopathological analysis defines the suitability of scaffold for cartilage tissue regeneration.
Keywords: Scaffold; freeze drying; chondrocyte.
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Multiscale patterned transplantable stem cell patches for tissue regeneration
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Inspired by the multiscale structures of extracellular matrix, we develop hierarchically micro- and nanopatterned transplantable scaffolds by
employing capillary force lithography in combination with a surface micro-wrinkling method. The multiscale patterned scaffolds were highly
flexible and showed higher tissue adhesion to the underlying tissue than did the single nanopatterned scaffolds. In response to the
anisotropically multiscale patterned topography, the adhesion and differentiation of stem cells were sensitively controlled. Furthermore,
hierarchically nanopatterned scaffolds-based stem cell therapy was proposed for various regenerative medicine approaches.
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Role of HGF as a Niche Factor of Salivary Gland Stem Cells  

Hyun-Soo Shin，Yeo Jun Yoon，Jae-Yol Lim
Department of Otorhinolaryngology, Yonsei University College of Medicine, Seoul, Republic of Korea

Stem cell microenvironment, or niche has an essential role in regulation of functions of tissue-resident stem cells. Salivary gland stem cells
(SGSCs) are an important cell component which is essential for salivary gland homeostasis and regeneration but it remains unclear concerning
the roles of niche factors related to SGSCs. The purpose of this study is to investigate the roles of HGF released from SGSCs on parotid
epithelial cells (hPECs) against irradiation (IR) damage. The roles of HGF were investigated using 3D coculture model of HGF-releasing SGSCs
and 3D spheroidal hPECs. Molecular mechanisms and signaling pathways on radioprotection were explored. Therapeutic effects of HGF were
evaluated after in vivo transplant into mice with IR-induced salivary hypofunction. HGF exerts antiapoptotic effects and contributes to tissue
remodeling of IR-affected salivary glands. SGSCs activated the c-MET-PI3K–AKT pathway, and its downstream effectors blocked p53 activation,
which is a key inducer of IR-caused apoptosis. In addition, an in vivo transplant of SGSCs into irradiated salivary glands of mice reversed IRinduced salivary hypofunction, where SGSCs-released HGF contributed to tissue remodeling. These results suggest that due to modulation of
the c-MET-PI3K–AKT–p53 pathway, HGF is a key effector for SGSC-driven radioprotection and tissue remodeling of IR-damaged salivary glands.
HGF plays a role in survival of hPECs against IR damage. Further investigation is still required to unveil the mechanisms of HGF release from
activated SGSCs by IR.
.
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Macroporous (3D) scaffolds for embryonal stem cell support: chemically modified dualpore size poly(2hydroxyethyl methacrylate) hydrogels  

Olga Janouskova1，Martin Pradny2，Eva Chylikova Krumbholcova2，Miroslav Vetrik3，Miroslava Duskova Smrckova2
Department of Biological Models, Institute of Macromolecular Science AVCR v.v.i，2Department of Polymer Network and Gels, Institute of Macromolecular Science AVCR v.v.i，3Department of
Supramolecular Polymer System, Institute of Macromolecular Science AVCR v.v.i
1

The synthetic hydrogels intended for medical applications are versatile and tunable 3D substrates. Control of the gel macroporous structure
enables varying the parameters such as pore size, shape and connectivity, mechanical stiffness, swelling and diffusion parameters. We found
that a macroporous poly(2-hydroxyethyl methacrylate) hydrogels having small and large pores connected in a unique arrangement are readily
proliferated with cells compared with the gels having pores of only single size (1).
We made use of this feature and studied further the effect of hydrogel modification using various chemical groups including laminin treatment
to morphology of gels and attractivity to growing of stem cells. The evaluated gels contained either carboxyl groups of methacrylic acid (MA) or
quaternary ammonium groups of co-polymerized [2-(Methacryloyloxy)ethyl] trimethylammonium chloride (MOETACL), or RGD tripeptide motif
attached via methacryloylated diglycine spacer (MAGGRGD) or their combinations.
We utilized the laser scanning confocal microscopy to visualize the relevant spatial arrangement within the gels in their native swollen state,
which minimized possible artefacts of the gel morphology frequently encountered with electron microscopy methods. The ES-D3 mouse
embryonal stem cells were used to determine the effect of hydrogels modification and the presence of extracellular matrix protein on the cell
adhesion and expansion.
We observed, that all hydrogels had the same porous structure – their matrices contained large pores surrounded with finely porous walls
achieving the total pore volume between 35 and 85 vol. %. The laminin coating did not influence the morphology of the hydrogels. The most
significantly increase of the cell growth was achieved with the hydrogel bearing MOETACL either uncoated or coated with laminin. The laminin
coating lead to significant increase of cell growth on all gels except the gel modified with MA plus MOETACL and MAGGRGD itself or in
combination with MA, MOETACL or MA plus MOETACL. The gel modification influenced also the cell coverage topology: from individual
clusters to well dispersed multi cellular structures. Our findings help to tailor the hydrogel scaffold for tissue engineering applications together
with improving the methods of gel characterization.
References:
1.Pradny M, Duskova Smrckova M, J Polym Res 21:579, 2014
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Novel Insights on Early Tissue Formation: A Synthetic Model of Tissue Development from Basic Biological Building
Blocks

Udi Sarig1，Hadar Sarig1，Aleks Gora2，Muthu Kumar Krishnamoorthi1，Hanuma Kumar Bogireddi1，Seeram Ramakrishna2，Subbu S. Venkatraman1，
Marcelle Machluf3
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School of Materials Science and Engineering, Nanyang Technological University (NTU), Singapore，2Department of Mechanical Engineering, National University of Singapore (NUS), Singapore，
Faculty of Biotechnology and Food Engineering, Technion – Israel Institute of Technology

Background: Tissue development, regeneration, or de novo tissue engineering in vitro, are based on reciprocal cell-niche interactions, which
include cell-cell and cell-extracellular matrix (ECM) interfaces. Early tissue formation mechanisms, however, remain largely unknown given
complex in vivo multifactoriality, and limited tools to effectively characterize and correlate specific micro-scaled biomechanical interplay.
Methodology: We developed a unique model system, based on synthetic combinatorial assembly of common biological building blocks, to
study shared and cell unique early tissue formation processes. As a proof of concept, decellularized porcine cardiac ECMs (pcECMs),
representing natural and bioactive soft tissues' ECMs, were used to study a spectrum of common cell-niche interactions. Model monocultures
and 1:1 co-cultures on the pcECM of human umbilical vein endothelial cells (HUVECs) and human mesenchymal stem cells (hMSCs) were
mechano-biologically characterized using macro- (Instron), and micro- (AFM) mechanical testing, histology, SEM and molecular biology aspects
using RT-PCR arrays. The obtained data was analyzed using developed statistics, principal component and gene-set analyses tools.
Results & Significance: Our results indicated that tissue formation phenotypic direction and biomechanics are cell-type dependent, having bimodal elasticity distributions at the micron cell-ECM interaction level, and corresponding differing gene expression profiles. We further show
that during these interactions, the hMSCs actively choose an ECM remodeling phenotype, HUVECs are responsible for enabling ECM tissuespecific recognition, and their co-cultures synergistically contribute to tissue integration—mimicking conserved developmental pathways. We
also suggest novel quantifiable measures as indicators of tissue assembly and integration. This work may benefit basic and translational
research in tissue engineering, regenerative medicine, as well as in synthetic and developmental biology.
Acknowledgments: This research is supported by the Singapore National Research Foundation under the CREATE/START program: The
Regenerative Medicine Initiative in Cardiac Restoration Therapy Research.
Key Words: Synthetic and Developmental Biology, pcECM, Human Stem Cells, Stem Cell Niches,Tissue Engineering.
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Developing a humanized bone model with high adipose content to study the effect of prostate cancer therapies on
bone marrow adipocytes in vitro and in vivo

Nathalie Bock，Joan Rohl，Hayley Benardos，Christoph Meinert，Jenni Gunter，Dietmar W Hutmacher，Judith A Clements
Translational Research Institute, Queensland University of Technology, Brisbane, Australia

In advanced prostate cancer, cancer cells preferentially metastasise to bone, at which point the cancer usually becomes incurable. While the
bone tumour niche is a complex microenvironment where osteoblasts are key players in metastasis progression, increasing evidence report
bone marrow adipocytes as a potential contributor, as these cells tightly link cancer, hormone therapy and fat metabolism. Yet, the effects of
commonly used prostate cancer therapies, such as Enzalutamide (Xtandi®), and anti-diabetic drugs, such as Metformin (Glucophage®) on bone
marrow adipocytes remains unknown. To better understand the complex relationship between prostate cancer and adipocytes, we have
developed sophisticated bioengineered 3D models that better replicate the complex human bone microenvironment. First, by encapsulating
and differentiating patient-derived mesenchymal stem cells within a photo-crosslinkable hydrogel of methacrylated hyaluronic acid and
methacrylamide gelatin, we replicated human fat marrow. Viability and adipocyte differentiation for up to four weeks was confirmed through
increased expression of adipogenic markers like PPAR γ , fatty acid synthase and adiponectin as well as quantification of lipid accumulation
using Oil Red O staining. This in vitro fat marrow model was then used to study the effects of Enzalutamide and Metformin on the bone marrow
adipocytes in this more representative 3D setting, showing that Enzalutamide treatment increases the expression of lipogenic markers, such as
fatty acid synthase and perilipin, which may be rescued when co-treating with Metformin. Next, we inserted the adipocyte-hydrogels into a 3D
tubular osteoblast-derived mineralised construct, mimicking a fatty bone microenvironment, and implanted them into NSG Hprtb null mice to
create a humanised in vivo fatty bone model. In vivo bone formation of the constructs increased significantly over time (X-ray) and strong
mineralisation was confirmed by μCT upon explantation after 10 weeks. Engraftment of human osteoblasts and adipocytes was verified
through staining of human bone and adipocyte markers (Numa, Collagen-I, E11, Glut-4) by immunohistochemistry. Ultimately, this model will
serve as a reproducible platform to study the effects of conventional therapies as well as for the screening of novel therapies on the tumour
bone microenvironment.
Acknowledgments
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Non-invasive oxygen probing in bone tissue engineering constructs
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1
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Biomedical Innovation, Queensland University, Brisbane, Australia

The regeneration of critical-sized defects is of special interest in the field of tissue engineering (TE). An adequate supply of oxygen, as well as
nutrition, mark thereby critical factors affecting the cell metabolism in TE constructs. In this in vitro study, we assessed the in situ oxygenation
within cell-loaded 3D electrospun, polycaprolacton- and collagen I-based, composite scaffolds. These constructs were loaded with human
adipose-derived mesenchymal stem cells (AdMSCs), osteoblasts, or with a co-culture population (1:1) thereof, and cultured for 3 weeks. The
oxygenation was analysed using a non-invasive, optical oxygen sensing system VisiSens (PreSens GmbH). Moreover, the oxygenation levels
were compared towards the overall cell population per construct, and the expression patterns of proliferation- (Cyclin D1 (CCND1),
minichromosome maintenance complex component 5 (MCM-5)), apoptosis- (B-Cell Lymphoma 2 (BCL-2), Caspase 3 (CASP-3), and hypoxiaassociated (Carbonic anhydrase 9 (CA-9), basic Fibroblast Growth Factor (FGF-2), Glucose Transporter 1 (GLUT-1), Hypoxia-Inducible Factor
1a (HIF-1α), Vascular Endothelial Growth Factor (VEGF)) target genes via qPCR on day 7, 14 and 21. The oxygenation levels featured
significant differences among the samples loaded with various cell compositions throughout the experiment. AdMSCs samples featured their
lowest oxygen level of 6.8 ± 0.31% on day 21, whereas the co-culture samples exhibited an oxygen level of 3.91 ± 0.48%. The osteoblast
samples featured their lowest oxygen level of 10.77 ± 1.09% on day 21. The resulted oxygenation ranges on the different time points
correlated well with the analysed DNA content of the investigated samples, indicating qualitative differences in the proliferation rates.
Moreover, significant differences have been observed regarding the expression patterns of HIF-1α in osteoblasts in comparison to AdMSCs and
the co-culture samples (p < 0.05) on day seven in vitro. Furthermore, significant differences in the expression levels of CA-9, FGF-2 and HIF-1α
(p < 0.05) were ascertained between the co-culture and the osteoblast samples on day 14 in culture, respectively. Finally, significant
differences in the expression of FGF-2, HIF-1α and VEGF within the osteoblast and co-culture samples were detected after 21 days. In
conclusion, our approach brings together the in vitro oxygen regimen with molecular expression patterns of designated cell types suitable for
bone regeneration.
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Mass production of three-dimensional dermal papilla aggregates for hair tissue engineering
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Human dermal papilla cells are the mesenchymal cells situated in the bulb region of the hair follicle. Those cells are known to orchestrate the
differentiation of the epithelial compartment of the bulb, hence playing a crucial role on hair morphogenesis and cycling (1).
Several groups highlighted methods of isolation and expansion of those cells with conventional two-dimensional cell culture techniques,
however some of their inducibility capacities were lost when compared to freshly isolated dermal papilla (2). Later on, the maintenance of
dermal papilla cells in three-dimensional culture was shown to restore some of their intrinsic properties (3,4).
However, methods of producing human dermal papilla aggregates in 3D remain laborious, relying on manual production through hanging
drops technique (5) or single well centrifugation (4). Additionally to the user-to-user variation that labor-intensive techniques bring to the
research, they are also not in alignment with the needs for generating large quantities of engineered tissues either for regenerative medicine or
experimental purposes.
On the current work, it is presented two novel approaches to produce 3D dermal aggregates in high quantities, the first one inspired from
automated stirred-suspension bioreactors and the second one from microwell patterning. Both conditions were compared to the classic
hanging drop technique and also to fresh isolated dermal papilla. Spheroid cell size distribution, molecular biology and biochemical analysis
were performed to validate the present methods.
1. Paus R, Cotsaleris G. The biology of hair follicles. N. Engl. J. Medicine 341, 491-497, 1999
2. Kishimoto J, et al. Wnt signaling maintains the hair-inducing activity of the dermal papilla. Genes & Development 14, 1181–1185, 2000
3. Higgins C, et al. Microenvironmental reprogramming by threedimensional culture enables dermal papilla cells to induce de novo human hairfollicle growth. PNAS 110, 49, 19679-19688, 2013
4. Ohyama M, et al. Restoration of the intrinsic properties of human dermal papilla in vitro. Journal of Cell Science 125, 4114–4125
5. Topouzi H, et al. Methods for the isolation and 3D culture of dermal papilla cells from human hair follicles. Experimental Dermatology 26,
491-496, 2017.
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3D culture platform supplying quantitative analysis of pattern formation by controlling initial culture conditions
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The importance of 3D culture, which mimics more biological environment, is emphasizing considerably in cell/tissue culture. However, the lack
of repeatability in the experimental results due to the difficulties in operation and unexpected noise is one of the bottle necks to conduct 3D
culture. In order to enhance the repeatability in 3D culture, reducing variation of initial culture conditions such as cell density and distribution in
ECM is crucial. Several engineering technologies such as cellsheet and cellbeads, succeeded in arraying single cells in 3D space, but the
applications are still limited. In addition, imaging for large scale 3D tissue requires exceedingly expensive system. These drawbacks prevent the
development in the field of 3D culture. On the other hand, we have recently developed the cubic culture device consisted of agarose and ECM,
called Hybrid-Gel-Cube (HGC) to enable multidirectional imaging of cultured sample. Here, we have achieved to obtain the 3D culture platform
with high repeatability of experimental result by controlling the initial cell cluster shape in the HGC. Micromold with desired shape was
fabricated by photolithography and it made a 3D pocket in ECM contained in HGC. High concentrated cells were then injected in the pocket
so that cell cluster shape matched with the fabricated mold shape. Then, HGC supplies multi-directional scanning, which allows us to capture
whole tissue structure with high resolution even though the low magnification lens is used. Normal human bronchial epithelial cells were
employed to control the initial cell cluster shape in HGC. Then, the repeatability of developed branch pattern was significantly improved and
multi-scanning supplies quantitative analysis of developed branch pattern formations. The platform has potential to accelerate any research
fields conducting 3D culture experiments such as tissue regeneration, and drug developments.
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Vascular Spheroids as Building Blocks for Scaffold-Free Biofabrication
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Cell spheroids are increasingly used for a variety of applications in regenerative medicine and tissue engineering, because they better preserve
the biological properties than 2D cultures. Spheroids are also used as building blocks for scaffold-free biofabrication. Furthermore, the efficiency
of pro-angiogenic cell therapy using spheroids made of either primitive or adult cells is higher than that of single cells. Therefore, we analyzed
the preparation of spheroids using progenitor endothelial colony forming cells (ECFC) obtained from human induced pluripotent stem cells
(iPSC), in combination with their companion smooth-muscle forming cells (SMFC). Human iPSC-derived ECFC and SMFC were prepared and
expanded by a published method [1]. These cells were transduced with a lentiviral vector to express eGFP (green) and tdTomato (red),
respectively. Spheroids were prepared in ultra-low adhesive wells, and their dynamic proprieties were studied by time-lapse and confocal
microscopy. Spheroids were also tested for their ability to fuse in the wells, as a prerequisite for their assembly during ‘scaffold-free’
biofabrication protocols. Both ECFC and SMFC assembled into spheroids within about 24 h. Fluorescence monitoring indicated a continuous
compaction of spheroids made from ECFC alone, while those prepared from SMFC or their combination were stabilized at 24 h. In mixed
spheroids maintained for longer term in culture, ECFC relocated to the core, and showed a conspicuous pre-vascular organization. All
spheroids had the ability of in-well fusion, but only those containing SMFC were robust enough to sustain additional biomechanical
manipulation. In conclusion, iPSC-derived mixed vascular cell spheroids represent a promising new cellular material for scaffold-free
biofabrication.
1. Prasain N, Lee MR, Vemula S, Meador JL, Yoshimoto M, Ferkowicz MJ, Fett A, Gupta M, Rapp BM, Saadatzadeh MR, Ginsberg M, Elemento
O, Lee Y, Voytik-Harbin SL, Chung HM, Hong KS, Reid E, O'Neill CL, Medina RJ, Stitt AW, Murphy MP, Rafii S, Broxmeyer HE, Yoder MC. Nature
Biotechnology 2014;32:1151
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Spheroid Formation and Culture  on Electrospun Matrices   
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Formation of spheroids made of Mesenchymal Stem Cells (MSCs) and/or their co-culture with Human Endothelial Cells (HECs) were studied on
specially designed electrospun matrices. Following a rather standard protocol - commercial multi-well culture plates were coated with
hydrophilic polymers (PVA and/or PEG) and used as control. Cells were isolated from various tissues such as Wharton jelly or adipose tissue.
Specially designed platforms – multi-wells (honeycomb shaped holes with round bottoms) were designed and produced by a two-step process;
electrospinning and thermoforming from biodegradable/biocompatible PCL. They were then coated with PVA/PEG to allow/trigger the
spheroid formation/cell aggregation in the wells. Nanofibrous structures and surfaces properties were optimized to control the spheroid
formation. Using specific antibodies, cell aggregation, viabilities, densities and distributions in the spheroid were analyzed by fluorescence
microscopy and flow cytometry. Metabolic activities were obtained by measuring glucose and lactic acid levels in the culture media. The cell
aggregates were cultured for 7-28 days in osteogenic differentiation medium and alkaline phosphatase activity was followed. The nanofibrous
structure allowed interaction of cells (spheroids) located in the neighboring wells to form the tissue-like constructs. It was concluded that the
spiral-wounded matrices carrying those pre-differentiated spheroids on the biodegradable electrospun hybrids could be considered as tissue
engineering constructs for bone regeneration.
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Rapid Formation of Vascularized Micro-tissue using Structure Controlled Co-Culture Spheroid
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One of the goals of tissue engineering is to fabricate artificial tissue that can replace damaged tissue or organ. However, artificial tissues
generated for these objectives will be having big size and undergo the limitation of oxygen supply and nutrient diffusion. This limitation leads to
necrosis of core of tissue and eventually, the organ failure. Therefore, we need system which could distribute oxygen and nutrient within the
artificial tissue. For many years, researchers have developed systems which could include blood vessels within micro-tissue using cell
spheroids. Cell spheroids have various advantages such as excellence in mimicking cellular microenvironment and increase in ECM secretion. In
addition, cell spheroids have been co-cultured with endothelial cells for fabrication of vascularized micro-tissue. Although many methods have
been developed for co-culture spheroids including co-culture by using microfluidic system, mix culture in hanging drop, and coating with
biocompatible materials on spheroid surface, there are some limitations in respect to optimization of ideal cell ratio and slow growth of new
vessels.
To overcome these limitations, we developed a system that can support rapid formation of vessel networks within micro-tissue. We fabricated
micro-patterned thermo-responsive hydrogels using micro-contact printing technique using mussel inspired molecules for regulation of cell
adhesion, which was able to be detached and assembled into spheroidal shape when hydrogel was expanded by temperature change. We
serially seeded two-types of cells (stem cells/human umbilical vein endothelial cells) on hydrogel surface for having endothelial cell layer in
upside. We used mesenchymal stem cells derived from turbinate tissue dissection. Subsequently, spheroids were harvested with core-shell
structure. We seeded cells on the hydrogel surface using different seeding methods and investigated the cell island structure in both groups.
We harvested co-culture cell spheroid and confirmed their characteristics (size, viability, detail structure, and vascularization potential). Finally,
we fabricated vascularized micro-tissue using co-culture spheroids and investigated vessel network structure of micro-tissues.
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Development of Elastic Cartilage Tissue using a 3D bioprinted scaffold: a promising alternative for microtia
reconstruction
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The absence of pinna in children is an important worldwide challenge that auricular reconstruction faces. Costal cartilage implant is the
standard reconstructive procedure for ear reconstruction. However, side effects just as pneumothorax, loss of thoracic cage shape and
respiratory complications have been documented. Three-dimensional (3D) printing generates biocompatible scaffolds that mimic shape,
mechanical strength and architecture of native extracellular matrix necessary to promote formation of new tissue. We report the use of a threedimensional bioprinted poly(e-caprolactone) (3D-PCL) auricle-shaped framework seeded with human microtia chondrocytes to develop elastic
cartilage with potential for autologous ear reconstruction in microtia patients. We retrieved elastic cartilage from an animal model and
confirmed the formation of extracellular matrix constituted by type II collagen and elastin. In vivo assays of neotissue formation showed the
generation of a three-dimensional pinna-shaped structure with histologic features and proteins resembling collagen II and elastin that are found
in normal elastic cartilage. According to our results, the combination of 3D-PCL auricle frameworks and autologous microtia remnant tissue
forms a suitable pinna structure that has potential for autologous ear reconstruction in children using tissue engineering strategies.
Authors declare no conflict of interest
CONACYT Project:114359

a91646

02-P491

Construction of 3D cardiac tissue by cell accumulation technique and collagen culture device

Yoshinari Tsukamoto，Takami Akagi，Mitsuru Akashi
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The fabrication of artificial three-dimensional (3D) tissues with similar function to native organ is a greatly challenge for implantable tissues in
regenerative medicine, and for in vitro 3D tissue models in drug discovery field. To fabricate the artificial 3D tissues, we reported a bottom-up
fabrication method, called “cell accumulation technique”. We achieved to fabricate multilayered 3D tissues by using nanometer-sized
extracellular matrix (ECM) films, fibronectin and gelatin (FN-G) layer-by-layer (LbL) films, coated cells. The coated FN-G nanofilms promoted
cell-cell adhesion by cell-ECM interaction with ECM nanofilms coated on each cells and cell membrane protein. Moreover, we fabricated the
vascularized 3D tissues by a co-culture of endothelial cells and fibroblasts. However, microvascular of fabricated vascularized 3D tissues has
not the function. Because of culture medium can not flow in the fabricated microvascular.
In this study, we developed multilayer 3D tissue by using collagen gel culture device. Collagen is known as the biocompatible material
derived from a living body and have biocompatible material. In the conventional 3D tissue fabrication method by cell accumulation technique,
we used plastic culture insert, different to environment of human body. By culturing with a culture substrate derived from a living body,
fabrication of 3D tissue is expected to have the native organ like function and to fabricate ticker organization.
We fabricate the fibroblast 3D tissue with vascular network and iPS-derived cardiac 3D tissue by using ECM coated cells and cell
accumulation technique with collagen gel culture device. The fabricated 3D tissues were observed state of the cells by HE staining and
immunostaining. In the fibroblast 3D tissue with vascular network, we observed that endothelial cells were infiltrate into collagen gel culture
device. On the other hand, vascularized cardiac 3D tissue was observed improved contraction function. For these result, 3D tissues fabricated
by using cell accumulation technique and collagen gel culture device is expected to apply prefusion culture for fabrication of native organ like
3D tissue.

535

a91896

02-P492

Epithelial-Fibroblast Hydrogel Constructs by 3D Bioprinting

Shang-Mo Tsai，Chien-Wen Chang*
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Epithelial layers serve numerous unique functions such as protection, absorption, secretion in the body. Comparing to high cost in vivo drug
testing platform, in vitro epithelial model is a cost-effective alternative to study drug toxicity, adsorption or penetration. With the advances of
three-dimensional (3D) printing and cell engineering techniques, it is possible to fabricate highly-biomimetic constructs containing multiple cell
types as the next generation in vitro epithelial models. To this end, we studied using 3D-bioprinted gelatin hydrogel to prepare artificial
constructs containing epithelial cells (CaCO-2) and the underlying fibroblasts (CCD-18). Photo-crosslinkable gelatin methacrylate (GelMA) was
synthesized and characterized by 1H-NMR showing 50% degree of methacrylation on the polymer. From the scanning electron microscope
(SEM) images, the results show that porosity of the GelMA hydrogels was inversely proportional to the concentration of GelMA. Lower swelling
ratio was observed from hydrogels with higher GelMA content. Various bio-printed hydrogels with different GelMA concentrations were
prepared with epithelial cells, fibroblasts or both. Interactions between material properties of the hydrogels and cells were investigated. Good
viability of epithelial cells or fibroblast encapsulated in the GelMA hydrogels was confirmed using live/dead assay. Proliferation and spreading
of the cells were studied using Alamar Blue assay and actin staining respectively. Epithelial cell proliferation was significantly promoted on
hydrogels with higher GelMA content. In contrast, spreading and proliferation of the encapsulated fibroblast decreased in the GelMA hydrogels
with higher GelMA content. Effects of serum content in the encapsulation medium on the spreading and proliferation of cells were also
investigated.

References：
1. Vrana, N.E., et al. Engineering functional epithelium for regenerative medicine and in vitro organ models: a review. Tissue Eng Part B Rev 19,
529, 2013.
2. Murphy SV, A Atala. 3D bioprinting of tissues and organs. Nat Biotechnol 32, 773, 2014.
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Controlled delivery of stem cell spheroids using an thermally expandable and sticky hydrogels

Jaesung Park1,2，Se-jeong Kim1,2，Heungsoo Shin1,2
Department of Bioengineering, University of Hanyang, Seoul, Republic of Korea，2BK21 Plus Future Biopharmaceutical Human Resources Training and Research Team, Seoul, Republic of Korea

1

Stem cell spheroids have been widely used in regenerative medicine since they can provide 3D environment with homogenous cell-cell and
cell-ECM interactions, and thereby, enhance survival of transplanted stem cells. Thus, many methods for fabrication of spheroids have been
reported including use of hanging drop, centrifugation, ultra-low attachment plate and bioreactors. However, those are usually labor-intensive
and difficult to control the size of spheroids. In addition, delivery of spheroids through a syringe has been another issue to be addressed due to
difficulty for homogenous injection in depth, limited coverage of large tissue defects and potential damage on cells induced by shear stress. In
this study, we developed one-step spheroid delivery system enabling easy fabrication of spheroids with regular size and simultaneous transfer
of spheroids onto a large target site. Firstly, we fabricated a fibronectin-incorporated hydrogel from Tetronic ® based polymers with
micropatterned-well using polydimethylsiloxane (PDMS) molds with 200 x 200 μm or 400 x 400 μm square patterns in 80 μm of depths.
Human adipose derived stem cells (hADSCs) were assembled into spheroids within each microwell through centrifugation, demonstrating
higher gene expression of extracellular matrix proteins and integrins compared to two dimensionally cultured cells. After 24 hours, the
hydrogel containing spheroids within the microwells was applied to the target site and the temperature was changed to remove the hydrogel
while remaining spheroids. The spheroids were homogenously transferred to the large target site due to expansion of the hydrogel. To
determine the bioavailability and therapeutic effect in vivo, we confirmed the increased retention time of transferred spheroids by using
excisional wound model. Taken together, our results showed that advanced spheroids delivery system can be an effective method for various
therapeutic applications.
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Impact of substrate stiffness on dermal papilla aggregates in microgels
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Surgeons have practiced hair follicle transplantation to treat balding due to androgenetic alopecia.(1) However, the paucity of donor hair
follicles due to a multitude of factors have led to a host of modern technologies exploring the possibility of regenerating hair follicles de novo
for transplantation. It was demonstrated that dermal papilla (DP) cells, when removed from their microenvironment in vivo, exhibited a loss in
their ability to induce hair follicle regeneration with passaging in 2-Dimensional (2D) cultures.(2–4) However, this property was partially
restored when DP cells were cultured in a 3-Dimensional (3D) microenvironment.(5) It was reported that the matrix surrounding the DP in vivo
were relatively softer at the base than at the higher sections of the hair follicle.(6) The mechanical properties such as stiffness of a 3D
microenvironment can be modified to mimic in vivo conditions. Our group managed to fabricate a microarray from three different
concentrations of poly-ethylene-glycol-diacrylate (PEGDA) 3500, namely 5%, 10% and 15% w/w, to yield increasing substrate stiffness. The
impact of varying substrate stiffness was tested on the DP aggregates for their viability, attachment, and selected hair inductive markers. DP
aggregates were shown to be viable and exhibited greater spreading with increasing substrate stiffness. DP aggregates cultured on a softer
substrate expressed a greater fold change of gene expression against those cultured on a harder substrate and 2D culture.
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Mesenchymal stem cell spheroid with BMP-2-loaded microparticles  for effective bone regeneration
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Recently, the three-dimensional (3D) cell spheroid systems are considered as a promising technology to mimic in vivo microenvironment and
thus enhance the target tissue regeneration. It is known that the 3D cell spheroids are more closely resemble in vivo characteristics (cellular
heterogeneity, cell-cell interaction and matrix deposition) compared to 2D culture systems. However the limited size of spheroids caused by
the cell necrosis in the central region of cell spheroid due to the insufficient diffusion of oxygen/nutrients is considered as a critical huddle for
the formation of 3D tissues. In this study, we prepared a co-culture system for cell spheroid using microparticles with leaf-stacked structure
throughout entire particles (ELSS particles) and rat bone marrow-derived mesenchymal stem cells (rBMSCs) (ELSS-rBMSCs spheroid). The ELSS
particles can allow loosening structure in spheroid (for effective permeation of oxygen/nutrients) and sustained release of bone morphogenetic
protein-2 (BMP-2) (for effective osteogenic differentiation and bone regeneration). The morphology, BMP-2 release profile and osteogenic
differentiation behavior of ELSS-rBMSCs spheroid were investigated.
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Novel Static Cell Seeding Method to Improve Cell Distribution in 3D Additive Manufactured Scaffolds  
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Additive manufacturing (AM) techniques are appealing in the bone tissue engineering field. AM of synthetic polymers enables the creation of
scaffolds with interconnected porous architectures and yet high mechanical properties, two important features when aiming for bone tissue
regeneration. However, the lack of specific cell adhesion sites in synthetic materials and the gravitational force effect, results in cell
sedimentation, and therefore non-uniform cell distribution within the scaffold upon conventional surface seeding. To ensure the in vitro and in
vivo functionality of the construct, an effective and reliable method to control cell seeding and reduce sedimentation is crucial. The simplicity of
the static seeding over dynamic seeding has led to further developments of this method, but still constrained to the use of specific pore
architectures, scaffold surface coatings or hydrogels as cell carriers, which affect the potential scaffold properties.
Here, to improve the static seeding method and provide a homogeneous cell distribution regardless of scaffold architecture and surface
chemical properties, the inert biocompatible macromolecules (MMC) Dextran and Ficoll, are employed for the first time as supplements to
independently tune i) the viscosity and ii) the seeding media density, respectively. To increase the media viscosity and therefore decreasing the
settling velocity of human mesenchymal stromal cells (hMSCs), 10 wt% Dextran was mixed in cell culture media, prior to seeding. This resulted
in a homogeneous cell distribution over a PEOT/PBT AM scaffold cross-section compared to the control (media without MMC). Alternatively, by
adding 60 vol% Ficoll Paque to increase media density, match it to that of cells and obtain cell sedimentation velocity nearly zero, similar result
as with using Dextran was achieved. After the 4h seeding period, scaffolds were placed in standard media to continue the culture and the
MMC removal was confirmed. Importantly, cell seeding efficiency and proliferation were enhanced in the scaffolds seeded with MMC
compared to the control. Matrix mineralization and expression of the osteogenic markers ALP, RUNX2 and Collagen type I, confirmed that the
use of MMC did not affect the differentiation potential of hMSCs. These results suggest a simple and reliable method for an efficient 3D AM
scaffolds seeding for bone and other potential tissues regeneration applications.
Acknowledgments: H2020-NMP-PILOTS-2015 (GA n. 685825).
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Regenerating and repairing individual organs and tissues for a single patient requires mass quantities of the patient’s own adult stem cells.
These stem cells must differentiate into a variety of spatially organized and well-defined cells that restore structure, function, and perfusion of
blood to the damaged tissue. Mass production of adult stem cells for therapeutic applications is challenging due to the fact that adult stem
cells have a limited shelf life when isolated from primary tissues of humans and animals. Maintaining adult stem cells in vitro requires the adult
stem cells to be sub-cultured (passaged) to prevent tissue stratification and cell senescence. Sub-culturing techniques require a physical
dissociation of adult stem cells from growth substrates, which requires the cytoskeleton to rapidly restructure to preserve the integrity and
survival of the cell. As a consequence, signal transduction pathways must adapt to the extracellular and intracellular changes. Yet, cell
dissociation is not a natural occurrence in the human body. Thus, a method is needed in which stem cells can continue to proliferate, migrate,
and differentiate without the need to dissociate if the maximum therapeutic potential of the stem cell is to be preserved. To overcome this
challenge, our lab has developed an expandable 3D modular block substrate that enables adult stem cells to grow continuously without the
need to dissociate. As cells require more substrate, additional blocks are added on in the X, Y, or Z axial directions. This technology leverages
a combination of different biomaterials and geometries to enable stem cells to proliferate, migrate, and secrete matrix in 3D to create a growth
environment reminiscent of the original tissue. In our initial studies, human Wharton’s jelly cells (HWJCs) were seeded into and grown in nonwoven mesh PLGA blocks over a period of 60 days. HWJCs are adult stem cells found in the connective gelatinous tissue of the umbilical cord.
We successfully expanded 1.0 x 105 HWJCs to 3.6 x 108 HWJCs over 60 days across 3 blocks without the need to sub-culture cells, and
maintained a well-defined population of mesenchymal stem cells. Here, we report the potential of using an innovative modular cell substrate to
control cell proliferation, cell migration, and differentiation of adult stem cells for tissue engineering applications.
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2D/3D buccal epithelial cell self-assembling as a tool for cell phenotype maintenance and fabrication of
multilayered epithelial linings in vitro

Anastasiya Alekseevna Gorkun1,2，Anastasiia I Shpichka2，Irina M Zurina1,2，Nastasia V Kosheleva1,3，Anastasiia V Koroleva2,4，Elena V Istranova2，
Leonid P Istranov2，Peter S Timashev2,5，Yuri A Rochev1,6，Irina N Saburina1，Denis V Butnaru2
1
FSBSI Institute of general pathology and pathophysiology, Moscow, Russia，2Sechenov First Moscow State Medical University, Institute for Regenerative Medicine, Moscow, Russia，3Lomosov
Moscow State University, Faculty of Biology, Moscow, Russia，4Laser Zentrum Hannover e.V., Hannover, Germany，5FRC 'Crystallography and Photonics', RAS, Institute of Photonic Technologies,
Moscow, Troitsk, Russia，6National University of Ireland, Galway (NUI Galway), Galway, Ireland

Maintaining the epithelial status of cells in vitro and fabrication of a multilayered epithelial lining is one of the key problems in the therapy using
cell technologies. When cultured in a monolayer, epithelial cells change their phenotype from epithelial to epithelial-mesenchymal or
mesenchymal that makes it difficult to obtain a sufficient number of cells in a 2D culture and to use them in tissue engineering. Here, using
buccal epithelial cells from the oral mucosa, we developed a novel approach to recover and maintain the stable cell phenotype and form a
multilayered epithelial lining in vitro via the 2D/3D cell self-assembling. Transitioning the cells to the non-adhesive 3D culture conditions led to
formation of self-assembling spheroids, with restoration of their epithelial characteristics after epithelial-mesenchymal transition. Within
spheroids, the cells restored the apical-basal polarity, and the formation of both tight (ZO1) and adherent (E-cadherin) intercellular junctions
was shown. Thus, culturing buccal epithelial cells in a 3D system allowed us to recover and durably maintain the morphological and functional
characteristics of epithelial cells. The multilayered epithelial lining formation was achieved after placing spheroids onto a hybrid matrix, which
consisted of collagen layers and reinforcing poly (lactide-co-glycolide) fibers and was proven promising for replacement of the urothelium.
Thus, we offer an effective technique of forming multilayered epithelial linings on carrier-matrices using cell spheroids that was not previously
described elsewhere and can find a wide range of applications in tissue engineering, replacement surgery, and regenerative medicine.
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Expansion of hair follicle stem cells using oxygen-permeable microwell culture plate
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Introduction:
Hair regenerative medicine is a promising therapy for hair loss. Previous studies demonstrated that freshly isolated hair follicle stem cells
(HFSCs) and dermal papilla cells self-organized into a hair follicle at a transplantation site and replicated anatomical features observed in our
body. Clinical application of this approach is however still challenging, mainly because HFSCs lose their hair generation ability during expansion
culture in a typical culture dish. A recent study reported that Matrigel-embedded culture was feasible to increase the number of HFSCs while
keeping their ability. In this study, we propose a more efficient, scalable, and robust approach for expansion of HFSCs using our
oxygenpermeable microwell culture plate.
Methods and Results:
The spheroid culture plate was made with polydimethylsiloxane and consisted of three culture chambers (1.0 cm in diameter) having ~20
microwells (1.0 mm in diameter and 1.0 mm in depth) in the bottom of each chamber. Freshly isolated mouse HFSCs were seeded in the
culture plate and formed aggregates in each microwells after 24 hours of culture. Then, after aspirating culture medium from the chamber,
Matrigel was poured into the chamber, resulting in spatially-aligned encapsulation of HFSC aggregates on the oxygen permeable culture plate.
In the subsequent culture, the diameter of aggregates increased from 100 μm to 350 μm in 2 weeks. The expression of a key trichogenic
factor, CD34, was maintained better than the previous study in the 2-week expansion culture. Indeed, the expression of CD34 was 4 times
greater than that in the previous study. Our approach using the microwell culture plate may be useful for large-scale preparation of HFSCs for
hair regenerative medicine.
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The modular design of tissues is of indispensable importance for proper organ function. A key example of this phenomenon is extracellular
matrix, which is naturally modular. Specifically, cells are entrapped in a niche composed of a thin layer of pericellular matrix, which in turn is
located in a bulk of territorial matrix. These two matrix types are highly distinct in their biochemical and biophysical properties: while the
pericellular matrix provides a stimulating cellular microniche, the territorial matrix gives rise to organ level characteristics. Incorporating such a
modular design into biomaterials is expected to allow engineered tissues to more accurately emulate native tissues. However, it has remained
a grand challenge to engineer the functional counterpart of life’s smallest living building block: a cell within its pericellular matrix. To overcome
this challenge, a microfluidic droplet generation platform was designed to produce enzymatically crosslinked single cell microgels that were
mere micrometers larger than the single cell they encapsulated. Using this platform, 3D single stem cell microniches were engineered with ondemand tunable biophysical and biochemical properties, which controllably programmed stem cells to differentiate into the adipogenic or
osteogenic lineage. For example, the microgels’ Young’s modulus could be dynamically tuned from 2 to 50 kPa. Single cell analysis revealed
that softer microgels stimulated adipogenesis, while stiffer microgels induced osteogenesis. Importantly, temporal stiffening of microgels
revealed that the first three days of differentiation determined the stiffness-induced stem cell fate decision. Subsequently, we combined our
single cell microgels with distinct biomaterials to create advanced bioinks. This modular approach effectively uncoupled the engineered tissues
pericellular and territorial environments, which allowed for an unprecedented control over the design and behavior of living implants. Lastly, to
endow our tissues with macroscale properties such as tissue shape, we used our modular bioinks in combination with various biofabrication
techniques (e.g. injection molding, photolithography, and 3D printing) to engineer multiscale hierarchical living implants. In short, we here
present a novel microfluidic single cell microgel-based concept that advances the engineering of hierarchical tissues by incorporating cellular
microniches in biomaterials in a facile yet highly controllable manner.
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Introduction: In adults, human hematopoietic stem and progenitor cells (HSPCs) reside in the bone marrow (BM) microenvironment. Our
understanding of HSPCs and the associated niche biology remains limited due to human material accessibility and the lack of suitable in vitro
culture system. In this study, we target the in vitro engineering of a functional BM tissue capable of maintaining hHSPCs intrinsic properties,
through the 3D reconstitution of their native microenvironment.
Methods: Human Mesenchymal Stromal Cells (hMSC) were seeded and cultured within porous hydroxyapatite scaffolds under direct perfusion
flow. After 4 weeks, the resulting osteoblastic tissues were seeded with Cord Blood derived CD34+ cells and cultured up to 3 weeks. The
capacity of the 3D niches to sustain hematopoiesis was assessed by quantitative flow-cytometry (CD34+, CD38-, CD45RA- and CD90+) and
their functionality was evaluated in vitro (Colony Formation Unit assay) and in vivo by intrafemoral transplantation in sublethally irradiated NSG
mice. Imaging was used to decipher structural and cellular composition of the 3D niche.
Results: The resulting tissues exhibited compositional and structural features of human BM while supporting the maintenance and expansion of
HSPCs with preserved functionality. This was associated with a compartmentalization of phenotypes in the bioreactor system, where
committed blood cells were released into the liquid phase and HSPCs preferentially reside within the engineered BM tissue, establishing
physical interactions with the stromal compartment. We further demonstrated that HSPCs behaviour and the proportion of quiescent
phenotypic Hematopoietic Stem Cells can be modulated by molecular customization or injury simulation within our 3D niches.
Discussion & Conclusion: The developed systems consist in a biotechnological platform, enabling the design of advanced customizable in vitro
BM proxies maintaining and expanding functional hHSPC. Its exploitation allows compiling human-specific insights on healthy/malignant
hematopoiesis and hHSC-hMSC interactions, with control on xeno-free environmental parameters.
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Biomimetic scaffolds provide a promising platform for regenerating a variety of tissues. Collagen scaffolds are widely used for bone
regeneration, since collagen is the main organic component of bone extracellular matrix, and has been shown to induce bone cell attachment,
proliferation and differentiation. In this study, we used a freeze-drying process to produce highly porous collagen scaffolds with complex
interconnected pore architectures. Two scaffold pore architectures were investigated: (i) isotropic with randomly oriented pores and (ii)
anisotropic with uniaxially aligned pores. The structure-function relationship of these scaffolds is not fully understood, and the effect of scaffold
3-dimensional (3D) architecture on cell performance and tissue formation has not been thoroughly investigated. We characterised the scaffolds
using scanning electron microscopy and X-ray micro-tomography; the latter was carried out using a customised Matlab program. The specific
permeability of the scaffolds was measured using a pressure gradient method. In addition, we investigated the performance of osteoblasts
grown within these scaffolds using confocal microscopy, immunohistochemistry, metabolic activity and proliferation assays, and molecular
biology methods. The results show that the pore architecture affected osteoblast invasion, proliferation and gene expression. The osteoblast
viability within the two scaffold configurations remained similar, but osteoblasts grown within anisotropic scaffolds showed higher metabolic
activity and high infiltration throughout the scaffold, producing multicellular structures around the pores. Cells grown within the isotropic
scaffolds tended to stay closer to the surface, creating a multilayer sheet on top of the scaffold. The remodelling of the engineered constructs
was also structure-dependent, with cells asymmetrically deforming the anisotropic constructs. The anisotropic scaffolds, due to their
unidirectional pore alignment, promoted better medium perfusion, deeper infiltration and more uniform cell distribution, which in turn
facilitated better intercellular communication and tissue formation. Our work shows that improved tissue formation can potentially be achieved
by manipulating the scaffold’s pore architecture. Thus, pore architecture is an important parameter to be taken in consideration when
designing the scaffolds for tissue engineering.
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Introduction: Osteoarthritis is a leading cause of disability in aging individuals, with an estimated prevalence of 3.8 % for knee osteoarthritis in
the global population. A major predisposing factor is joint injury sustained during young adulthood, which is often ineffectively treated using
current methods. This leads to the development of chronic lesions and progression to osteoarthritis later on in life. Following injury, the joint is
typically filled with inflammation and scar tissues that create an inhibitory environment to regeneration, but this fact remains overlooked by
current treatment methods. This study investigates a novel regenerative medicine approach that first uses cells (with anti-inflammatory
properties) to ‘pre-condition’ the injured joint by neutralising the effects of inflammation, and then uses an engineered biomaterial to induce
joint repair, thereby promoting long-term healing that reduces the risk of developing osteoarthritis.
Methods: An in vitro model mimicking chronic joint injury was used to test: (a) Can pre-conditioning joint tissues reduce inflammation?
Diseased cells isolated from human osteoarthritic tissues were pre-conditioned by co-culturing with human mesenchymal stem cells (hMSCs)
for 7–10 days, and their responses were compared to those of the same diseased cells cultured in the absence of hMSCs. (b) Can preconditioning joint tissues improve joint repair in a bioactive scaffold? hMSCs seeded in a bioactive ceramic scaffold were cultured in the
presence of as-is or pre-conditioned human diseased joint cells, and their responses were compared after 7, 14 and 21 days.
Results: Data obtained from quantitative RT-PCR, histology and immunostaining indicated that a number of inflammation markers were
downregulated in the diseased joint cells following pre-conditioning. hMSCs grown in bioactive ceramic scaffolds exhibited differences in
behaviour relating to cartilage and bone formation when cultured in the presence of as-is compared to pre-conditioned diseased joint cells,
suggesting that the downregulation of inflammation in diseased joints has a definite role in aiding subsequent regenerative therapy.
Conclusion: This study warrants further testing in animal models to confirm the effects of reducing inflammation on maximising regeneration in
injured joints, and contributes towards establishing a new clinical therapy for treating chronic joint injury that averts progression to
osteoarthritis.
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Development of 3D Systems to Model Nerve Regeneration
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A significant limitation to tissue regeneration is the lack of a neural component coupled to vascularization. Current strategies rely on
innervation from the host, and lack proper signaling or regenerative potential to adequately innervate nascent tissue. To improve tissue
innervation, we have developed a system to study the interactions between neural and vascular tissues based upon signaling conditions found
during embryogenesis. Human umbilical vein endothelial cells (HUVECs) and dorsal root ganglia (DRGs) harvested from prenatal chickens or
rats have been co-cultured in a series of adjacent channels to study the interactions between these cell types, and we have identified several
factors that are secreted by HUVECs that stimulate axonal growth. We next observed that significantly more axons grew towards channels
loaded with HUVEC-secreted neurotrophic factors than unloaded channels, regardless of DRG proximity to the channels. Finally, to investigate
the ability of our constructs to mimic events found in peripheral nerve injury and regeneration, we developed a laceration injury model where
DRG explants were seeded into hollow channels, transected, and fused to empty channels. Axonal growth was observed in these empty
channels after injury within two weeks, and current work is focused on identifying factors to enhance this regenerative response. These data
support our hypothesis that hollow channel collagen gels stimulate targeted axonal growth and can serve as a facile model to study tissue
innervation.
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Electrospinning (ES) is a widely used technique for the fabrication of polymeric scaffolds, which mimics the architecture of native extracellular
matrix (ECM). Despite this mimicking structure, conventional ES of synthetic polymers results in limited bioactivity, whereas the direct ES of
bioactive materials—such as native ECM components or composites, has issues of costs, high dead volumes wasted, and the typical two
dimensional scaffold mats generated by traditional ES. Here, we suggest an alternative approach incorporating wet-bath ES collector (yielding
3D ECM mimicking synthetic electrospun scaffolds) with tissue specific ECM compositions that are used for 3D synthetic scaffold modifications
via EDC-NHS chemistry. We hypothesized that this approach would generate both architecturally ECM-mimicking 3D structures and a tissue
specific ECM bioactivity profile, albeit with reduced production costs and higher controllability over the end product design. As a proof of
concept we generated 3D composite scaffolds (3DCS) using PLGA for wet-electrospinning; and decellularized liquid porcine cardiac ECM
(pcECM) for bioactivity modification. The resulting 3DCS exhibited cardiac-ECM-like architecture and chemistry (characterized by SEM, FTIR,
and LC MS-MS), and supported the viability and proliferation of human mesenchymal stem cells (hMSC) and human primary induced
pluripotent stem cells (hiPSC). hiPSC cultures on the 3DCS in particular, exhibited favorable interaction profiles and illustrated spontaneous
cardiac lineage commitment (verified by immunofluorescent staining), as compared to non-modified 3D synthetic controls. Furthermore, hiPSC
derived cardiomyocytes (hiPSC-CM) further improved beating functionality when seeded on 3DCS, compared to their synthetic equivalent
controls. Taken together, our results showcases the importance and role of bioactive tissue specific molecules in inducing and maintaining
human stem cell differentiation and functionality, an essential insight required for tissue engineering and regenerative medicine. The suggested
technology can be further optimized for the benefit of different tissues and organs by simple modifications of the ECM composition and the
synthetic 3D construct fabrication conditions.
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In corneal tissue-engineering, compressed collagen has received much attentions to utilize it as limbal epithelial stem cell carrier for treating
limbal stem cell deficiency. The decellularized corneal lenticule maintains natural corneal structures, composed of mainly type I collagen, and
thus can provide sufficient mechanical strength as well as biocompatibility for transplantation onto the cornea. The facile collagen gelation with
decellularized corneal lenticule and following compression process enabled to fabricate the stable composite structure. The developed
collagenous composite was verified to have sufficient mechanical strength enough to endure the sutures for transplantation and significantly
enhanced resistance to enzymatic degradation. The fresh lenticules were obtained from refractive surgery and decellularized using hypotonic
Tris buffer containing 0.5% trypsin-EDTA. To make the collagen gel combined with decellularized corneal lenticule, a commercial type I
collagen was neutralized with 1M NaOH and 10 × DMEM to have 3 mg/ml of final concentration. Then, a cylindrical mold, where the
decellularized corneal lenticule was placed, was filled with the collagen solution, followed by 30 min gelation process. The compressive force
(100 gf) was then applied to collagen gel combined with decellularized corneal lenticule which is located between the two layers of nylon
membranes and blotting papers.The collagenous composite on which the limbal epithelial stem cell cultured were transplanted to a rabbit
model of limbal stem cell deficiency to figure out the regeneration efficacy. The multilayered epithelium and the regeneration of the rabbit
cornea were investigated through histological and immunohistochemical analysis.The collagenous composite stably maintained its structure
without delamination. The rabbit epithelial stem cell culture revealed that epithelium was successfully formed on the collagenous composite,
showing the stratified squamous and non-keratinizing multilayers. After the transplantation, the ocular surface of the rabbit model was
effectively reconstructed by the developed collagenous composite with the cells, without significant inflammation and conjunctivalization.This
study firstly developed a transplantable collagenous composite for treating limbal stem cell deficiency, based on collagen compression
process.
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Corneal blindness affects millions of people worldwide, and there is a constant shortage of high-quality donor tissue. Engineering a corneal
implant that could effectively regenerate the corneal epithelium and stroma by regenerating two functional layers is a daunting task. We have
engineered a tissue adhesive modular extracellular matrix mimetic scaffold using hyaluronic acid that allows culturing cells in a sequential
fashion generating the corneal stroma and the epithelium. The hydrogel was designed following a hydrazone crosslinking bio-orthogonal
strategy developed in our group.[1] This was achieved by modifying the two HA polymer chains with aldehyde units or a carbodihydrazide
(CDH) units that underwent fast and efficient crosslinking upon mixing. Unlike other hydrazone crosslinked hydrogels, the CDH mediated
hydrazone crosslinking enhanced the enzymatic stability, reduced swelling and demonstrated exceptional stability under acidic and
physiological conditions. To incorporate the tissue adhesive properties, we incorporated dopamine units (1-2% degree of modification). We
finally fabricated the corneal grafts by incorporating the human adipose stem cells (hASCs) within the HA hydrogel scaffolds and grafted limbal
epithelial stem cells obtained from human pluripotent stem cells (hPSC-LESCs) on the surface. LESCs were differentiated from human embryonic
and induced pluripotent stem cells. hASCs have potential to regenerate the corneal stroma, while the hPSC-LESCs have therapeutic potential
for the corneal epithelium. As HA derived scaffolds does not contain any integrin binding sites for the adhesion of limbal cells, we conjugated
laminin mimetic peptides by conjugating N-terminal cysteine to the exposed dopamine residues. The incorporation of peptides to the hASCcontaining HA-hydrogels post-gelation resulted in enhanced attachment of hPSC-LESCs to the surface of the hydrogels. Such fabrication
enabled us to culture hPSC-LESCs on the surface without affecting the viability of cells encapsulated inside the hydrogel. This strategy facilitated
the simultaneous culture of both hASCs for corneal stromal regeneration within the hydrogel and hPSC-LESC on the surface for regeneration of
the corneal epithelium. This two-layered construct developed in this study has the capacity to regenerate both the corneal epithelial and
stromal tissues in one operation.
[1] O. P. Oommen et. al. Adv. Funct. Mater, 2013, 23 (10), 1273-1280
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Two-dimensional (2D) nanomaterials, an ultrathin class of materials such as graphene, nanoclays, transition metal dichalcogenides (TMDs), and
transition metal oxides (TMOs), have emerged as a new generation of materials due to their unique properties relative to macroscale
counterparts. However, little is known about the transcriptome dynamics following exposure to these nanomaterials. Here we investigate the
interactions of 2D nanosilicates, a layered clay, with human mesenchymal stem cells (hMSCs) at the whole transcriptome level by highthroughput sequencing (RNA-seq). Analysis of cell-nanosilicate interactions by monitoring change in transcriptome profile uncovers key
biophysical and biochemical cellular pathways triggered by nanosilicates. A widespread alteration of genes is observed due to nanosilicate
exposure as more than 4,000 genes are differentially expressed. The change in mRNA expression levels reveal clathrin-mediated endocytosis of
nanosilicates. Nanosilicate attachment to cell membrane and subsequent cellular internalization activate stress-responsive pathways such as
mitogen activated protein kinase (MAPK), which subsequently directs hMSC differentiation towards osteogenic and chondrogenic lineages. This
study provides transcriptomic insight on the role of surface-mediated cellular signaling triggered by nanomaterials and enables development of
nanomaterials-based therapeutics for regenerative medicine. This approach in understanding nanomaterial-cell interactions, illustrates how
change in transcriptomic profile can predict downstream effects following nanomaterial treatment.
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Engineered cardiac tissue-like constructs for drug assessment and cardiac repairing
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The human pluripotent stem cells derived cardiomyocytes (hPSC-CMs) have offered a novel option for cardiac drug development and
myocardial regeneration. However, the differentiated CMs tend to be immature and poorly organized in two dimensional culture, which may
not represent the in vivo conditions when used for drug assessment. Similarly, the state-of-art myocardial regeneration technologies, such as
cell injection and cell sheet, still rely on using hPSC-CMs in random formation and with low maturity, which may hamper their coupling with
host heart and signal conduction within ventricular. To this regards, we have developed a functional and well organized cardiac tissue-like
constructs (CTLCs). The CTLCs showed upregulated expression of maturation related marker and enhanced signal read-out. When used for
drug assessment, CTLCs demonstrated higher robustness over control. The in vitro engraftment of CTLC demonstrated its capability in rapidly
coupling and bridging isolated cardiac tissue and eliminating the re-entrant arrhythmias within scarred tissue. Since the material in scaffold is a
FDA approved polymer, Poly (lactic-co-glycolic acid) (PLGA), the CTLCs could be readily applied for delivering hPSC-CMs to the infarcted hearts.
In conclusion, we have established an expedient framework for cardiac tissue engineering, holding potential for drug development and clinical
applications. In future, multilayer and multiple cell sources will be used to make CTLCs with higher thickness and organization.
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In Vitro Evaluation of 3D Poly(Lactic-co- Glycolic Acid) Incorporated with Atelocollagen and Fibrin for Articular
Cartilage Bioscaffolds: Gross Observation, Histological Analyses and Biochemical Study
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Poly(lactic-co-glycolic acid) (PLGA) is a synthetic copolymer scaffold. It has been used widely in biomedical application because of its
biocompatibility and biodegradability properties. However, despite being biocompatible, the degradation of PLGA will result in acidic byproducts that can induce inflammatory responses. Atelocollagen has been introduced to reduce the immunogenicity of PLGA. It can also act as
buffer to balance the PLGA by-products. Previously, the use of PLGA with fibrin has shown to increase cell-seeding efficiency. It also acts as a
potential cell delivery vehicle. Thus, this study aims to characterize the three-dimensional (3D) PLGA scaffold in combination of atelocollagen
and fibrin for formation of cartilage tissue in vitro. Scaffolds with the size of 7mm (diameter) × 3mm (height) using ratio of 65:35 were
fabricated using solvent-casting and salt leaching method. The scaffolds groups were 1) PLGA (control), 2) PLGA-atelocollagen (PA), 3) PLGAfibrin (PF), and 4) PLGA-atelocollagen-fibrin (PAF). Rabbit chondrocytes were cultured and seeded into all scaffold groups. Histological staining
using Haematoxylin and Eosin (H&E), Safranin O, Alcian Blue, Toluidine Blue were performed on week 1, 2 and 3, respectively. The production
of sulphated glycosaminoglycan (sGAG) was evaluated using Alcian Blue assay. The PAF group showed hyaline-like cartilaginous appearance
better than the other groups. This result is supported by the presence of cartilage-like histoarchitecture in tissue sections. The presence of
proteoglycan-rich matrix and glycosaminoglycan has been detected in both histological staining and biochemical assay. Based on the findings
of this study, PAF hybrid scaffold promoted better cartilaginous tissue formation in vitro.
Keywords: PLGA, fibrin, atelocollagen, biomaterial scaffold, tissue engineering
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Synthetic Light-Curable Polymeric Materials Provide a Supportive Niche for Dental Pulp Stem Cells                
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Dental disease annually affects billions of patients, and while regenerative dentistry aims to heal dental tissue after injury, existing polymeric
restorative materials, or fillings, do not directly participate in the healing processin a bioinstructive manner. There is a need for restorative
materials that can support native functions of dental pulp stem cells (DPSCs), which are capable of regenerating dentin1. A polymer microarray
formed from commercially available monomers to rapidly identify materials that support DPSC adhesion is used. Based on these findings, thiolene chemistry is employed to achieve rapid light-curing and minimize residual monomer of the lead materials. Several triacrylate bulk polymers
support DPSC adhesion, proliferation, and differentiation in vitro, and exhibit stiffness and tensile strength similar to existing dental materials.
Conversely, materials composed of a trimethacrylate monomer or bisphenol A glycidyl methacrylate, which is a monomer standard in dental
materials, do not support stem cell adhesion and negatively impact matrix and signaling pathways. Furthermore, thiol-ene polymerized
triacrylates are used as permanent filling materials at the dentin-pulp interface in direct contact with irreversibly injured pulp tissue. These
novel triacrylate-based bio- materials have potential to enable novel regenerative dental therapies in the clinic by both restoring teeth and
providing a supportive niche for DPSCs.
1. Vining K. H.; Scherba J. C.; Bever A. M.; Alexander M. R.; Celiz A. D.*; Mooney D. J.* Adv. Mater. 30, 1704486 – 1704489 (2018).
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Tissue engineered electrode coatings: developing living bioelectronic interfaces
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Tissue engineered electrodes aim to address poor host-tissue integration by delivering a cellular layer that can interface neuroprostheses with
target tissue. The key challenge that had to be addressed in this research was modulating mechanics and chemistry of a hydrogel carrier to
enable growth and differentiation of neuroprogenitor cells. Given the role of neuroglia such as Schwann cells in supporting and maintaining
functional neuronal networks[1], it was hypothesised that a hydrogel carrier that can promote neuroglia development will consequentially
support formation of neuronal networks. It has been shown that control over cellular phenotype can be achieved when Schwann cells (SC) are
cultured on substrates with mechanical stiffness between 2 kPa to 5 kPa[2]. Thus, control over hydrogel mechanical properties is an essential
design criterion. In this regard, a poly (vinyl alcohol) (PVA) based hydrogel has been tailored to present cells with an initial mechanical modulus
of 16 kPa that decreases to 0.5 kPa as it degrades[3]. This system, which has been modified with sericin and gelatin (PVA-SG) to protect cells
during polymerisation and enable cellular attachment, allowed SC survival and expansion before matrix dissolution. The present study explored
the capacity of SC to support the development of neuronal networks when co-encapsulated with neural-like cells (PC12) within PVA-SG
hydrogel. SC and PC12 cells were encapsulated as single cell type or in co-culture within a 10 wt% PVA-SG hydrogel. Cellular viability and the
degree of neurite extension were significantly higher in co-culture than in single cell gels. SC were able to produce a physical and biochemical
matrix and present this matrix to PC12 cells, essentially replacing the degrading hydrogel scaffold. While the PVA-SG system has to be further
explored before use in implantable devices, it provides a platform that can be tailored to deliver neuroprogenitors at the neural interface. This
is the first time a study showing SC and PC12 cells simultaneously encapsulated in a degradable hydrogel and promoting growth and neuronal
differentiation. These results show the potential of PVA-SG hydrogels as a promising platform to engineer electrode coatings to ultimately
enhance a long-term integration of neural prosthetic devices.
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To reconstruct critical-sized bone defect, a 3D scaffold with bioactive molecules was often utilized for bone healing. In recent, combination of
various bioactive molecules has been widely investigated for advanced new bone formation. It is well-know that the similar physiological
processes in human bone regeneration (inflammation, bony callus formation, and bone regeneration) may be accelerated when the certain
bioactive molecules with appropriate dose and stimulation periods are applied to bone defect. However, many studies were not mimicked the
bioactive molecule release pattern occurred in the body when bone regeneration because of absence of proper delivery system for the
bioactive molecules. In this study, we selected three growth factors [platelet-derived growth factor-BB (PDGF-BB), vascular endothelial growth
factor (VEGF), and bone morphogenetic protein-2 (BMP-2)] which are major bioactive molecules for bone regeneration. The bioactive
molecules were immobilized in three different porous particles [micro porous particles for PDGF-BB (release period, up to 7 days), leaf-stacked
structure particles for BMP-2 (release period, up to 35 days), and leaf-stacked structure particles containing Pluronics for VEGF (release period,
14~35 days)]. The morphology, release profiles of each growth factor, cell behaviors (migration, angiogenesis, osteogenic differentiation), and
new bone regeneration potential in rat calvarial defect were estimated.
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In situ tissue engineering concept for enhanced bone defect regeneration –  Functionalization of biomimetic
scaffolds with an autologous growth factor mix from hypoxia-exposed hBMSC

Mandy Quade1，Anastasia Gabrielyan2，Anja Lode1，Angela Roesen-Wolff2，Seemun Ray3，Jessica Grafe3，Volker Alt3，Michael Gelinsky1
Centre for Translational Bone, Joint and Soft Tissue Research, University Hospital，2Department of Pediatrics, University Hospital Carl Gustav Carus Dresden, Germany，3Laboratory of
Experimental Trauma Surgery, Justus Liebig University, Giessen, Germany
1

Due to various limitations in the treatment of large bone defects by autologous bone grafting, there is a need of alternative strategies. Herein,
we propose an in situ tissue engineering concept focusing on porous scaffolds out of mineralized collagen1, which are functionalized with a
central hydrogel-based depot loaded with an autologous growth factor mix. After implantation, the factors are released from the depot
inducing directed migration of cells with regenerative potential as well as vascularization of deeper scaffold regions.
Cultivating human bone marrow derived mesenchymal stroma cells (hBMSC) under hypoxic conditions leads to the expression of various
angiogenic factors and chemokines (hypoxia-conditioned medium; HCM).2 After dialysis, HCM was concentrated (10x, 20x, 50x) by freezedrying, resuspended in either PBS or 1 % alginate and injected into the scaffolds center. Functionalized scaffolds were characterized in vitro: by
using hBMSC monocultures and cocultures of hBMSC with HUVEC (human umbilical vein endothelial cells) seeded on the scaffolds surface, the
strong chemotactic and angiogenic potential of HCM was demonstrated. With increasing HCM-concentration hBMSC migrated deeper along
the growth factor gradient into the scaffolds. Cocultures of hBMSC and HUVEC were induced to form a dense prevascular system with tubular
structures sprouting into the scaffolds interconnected porous structure.
For in vivo testing a 4 mm wedge-shaped osteotomy of the distal metaphyseal area was generated in the femur of osteoporotic rats.3 Two
groups were tested: 1) unmodified control scaffolds; 2) scaffolds functionalized with concentrated HCM from rat BMSC. 6 weeks after
implantation the bone defect healing was characterised histomorphometrically revealing an enhancing effect of HCM on new bone formation
and vascularization.
In conclusion, the scaffold functionalization with a central growth factor depot enhances the hBMSC infiltration as well as the ingrowth of
tubular structures. The autologous growth factor mix derived from HCM is suitable to attract cells with regenerative potential and induces
vascularization in vitro and has been shown to enhance bone defect healing in vivo.
M. Gelinsky et al. (2008) Chem Eng J. 137(1). 84–96
A. Gabrielyan et al. (2014) BMC Vet Res 10 (1). 56
3
V. Alt et al. (2013) Acta Biomater 9. 7035–7042
1
2
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An ex vivo pregnant-like human tissue model to assess injectable hydrogels for the prevention of preterm birth
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Preterm birth is leading cause of neonatal mortality and a major contributor to developmental issues and physiological morbidities.
Spontaneous preterm birth is often caused by cervical insufficiency, seen clinically as premature cervical softening, shortening, and dilation.
Standard treatment options, including cerclage therapy and progesterone supplementation, have variable success rates and are only applicable
to a certain patient population. We previously reported on an injectable silk-based hydrogel for cervical augmentation during pregnancy to
provide an alternative treatment in the prevention of preterm birth. However, previous studies testing the efficacy of augmentation ex vivo have
been limited to utilizing cervical tissue specimens from non-pregnant individuals, which are significantly stiffer than tissue from pregnant
individuals. In the present study, we enzymatically treated cervical tissue specimens from non-pregnant individuals to develop an ex vivo
pregnant-like tissue model that can be utilized to further assess injectable hydrogels for cervical augmentation. Differences in hydration,
collagen content, collagen organization, and mechanical properties were determined for the native and treated samples. The results showed
that the enzyme-treatment of cervical tissue led to an 86.1 ± 7.9% decrease in mechanical modulus due to an overall decrease in collagen
organization as shown through differences in collagen birefringence. The pregnant-like tissue model was utilized to assess augmentation with a
composite silk-hyaluronic acid hydrogel, which has been shown to exhibit decreased hydrogel stiffening and tunable degradability. Injecting this
hydrogel into the tissue model resulted in a 53.7 ± 16.2% volumetric increase in the tissue without significantly altering the mechanical
properties of the tissue. These results demonstrated the potential for this biomaterial system as an alternative treatment to prevent preterm
birth. Overall, this study developed a mechanically accurate ex vivo pregnant-like human tissue model from cervical tissue specimens from nonpregnant individuals, providing a more physiologically relevant assessment of cervical augmentation via injectable biomaterials for the
prevention of preterm birth.
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Wei Fu1，Meng Yin1，Dekai Xia1，Dawei Jin1，Qian Wang1，Manchen Gao1，Bei Feng1，Nevin Witman2
Shanghai Children's Medical Center, School of Medicine, Shanghai Jiao Tong University，2Department of Medicine, Karolinska Institute

1

Common treatment options for tracheal stenoses often provide short-term results with temporary relief. In some cases the treatment therapies
themselves can threaten the life of the patient. Tracheal resection and reconstruction, or “end-to-end anastomosis” alone increases
anastomotic tension, causing severe postoperative tearing of the trachea. Novel and more suitable long-term treatments for stenoses are
needed. Here, our team used rapid and accurate 3D printing technology, combined with tissue engineering methods to prepare a bionic tissue
engineered trachea (TET) and successfully carried out orthotopic transplantation in a goat model. In vitro experiments demonstrated that our
TET had good mechanical properties and cell compatibility. Subcutaneous transplantation of the TET in nude mouse illustrated the TET’s
satisfactory biocompatibility properties, as well as adequate support for the formation of cartilage-like tissue. After orthotopic transplantation
the longest survival time in the experimental group reached 98 days, with an average survival time of 65.00±24.01 days, a result significantly
longer than the control group. Remarkably, autopsy at the time of death revealed that none of the TET-treated goats suffered from tissue
necrosis and collapse. This is the first documented scientific report elucidating a novel and successful orthotopic transplantation of whole 3D
printed TET in a large animal model. We have reasons to believe this TET-treatment regime has clinical potential to successfully treat airway
stenoses in the future following further improvements.
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Neurofibromatosis type 1 (NF1) is a common multisystem genetic disorder characterized by cutaneous manifestations and the development of
multiple benign skin tumors, called neurofibromas. Over 3000 mutations are found in the neurofibromin gene, but no gene-phenotype
correlation are known. The morphogenesis of neurofibromas is poorly understood and their formation can highly vary between patients.
Currently, there is no appropriate human model or specific treatment for this stigmatizing disease. The purpose of this study is to develop a
tissue-engineered vascularized skin model derived from NF1 patients to characterize the morphogenesis of neurofibromas. The auto-assembly
model was used to generate tissue-engineered skin (TES) in vitro with fibroblasts and keratinocytes isolated from NF1 patients and healthy
controls. Microvascular endothelial cells (MVECs) were seeded within the dermis to reconstruct a micro-capillaries network. Indirect
immunofluorescence against the EC antigen CD31 (PECAM) was made on whole skin and observed by confocal microscopy. Then, images
were analyzed with ImageJ using an angiogenesis analyzer plug-in. MVECs formed a more dense microvessel networks within NF1-TES. Results
were compared, normalized to controls and reported in relative fold change. NF1 capillaries were at least 3.5-fold denser and were 1.5-fold
larger than controls. Node frequencies were 3-fold higher in NF1 networks. Finally, a 4-fold increase in junctions and 2-fold increases in
capillary branching frequencies were observed within NF1 dermis. In conclusion, our study suggests that loss of neurofibromin alters dermal
fibroblasts functions and increases capillaries formation in NF1-TES. Fibroblasts could participate to neurofibromas microenvironment creation
by secreting angiogenic factors in addition to extracellular matrix components. Our NF1 skin model could become a unique tool to better
characterize the pathogenic mechanism associated with skin tumor genesis. Tumorigenic properties of different NF1 mutations could also be
assessed. Ultimately, it could provide better tools to develop new therapies for patients through development of personalized medicine
strategies.
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The generation of 3D bioprinted scaffolds is opening a new era in the field of cartilage tissue engineering. Our team has developed a strategy
that utilizes an innovative, intra-operative, 3D bioprinting technique (1,2) that allows human adipose derived Stem Cells (hADSCs) to undergo
chondrogenic differentiation in a Gelatin based hydrogel (GelMA/HA).
To prove the efficiency of our cartilage regeneration approach, we developed an ex vivo osteochondral (OC) model from human condyles. We
generated cartilage defects by exciding 25 mm3 of tissue and performed the in situ 3D bioprinting. The samples were maintained in a perfusion
bioreactor and stimulated via a chondrogenic cell culture media for three weeks. We analyzed the neocartilage formation by mechanical
testing, immunohistochemistry, GAG-content analysis, qRT-PCR, to verify the expression and accumulation of Collagen I, II, Sox 9,
glycosaminoglycans.
Our strategy drives both chondrogenic differentiation and integration with the host tissue as reflected by the production and distribution of
hyaline-like extracellular matrix, the increase in phenotypic cartilage gene expression markers and strengthen of the mechanical properties.
The ability to deliver in real time and in situ a chondrogenic bioscaffold is a world-first innovation and has important implications for
customizing cartilage repair in patients with cartilage injuries or early OA.
References：
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2) Duchi S. et al. Scientific Reports 7, 5837, 2017.
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According to WHO, at least 400 million adults are obese and number increases annually. Interest in studying adipose tissue and its functions is
growing along with the growing prevalence of obesity and adipose tissue related diseases, such as type 2 diabetes. Due to the growing
interest, new relevant human cell models are needed for studying the mechanisms of disease origin and progression, as well as for therapeutic
screening and diagnostic tools. The animal models currently used in adipose research often correlate poorly with human adipose tissue
metabolism.
We have developed a novel human in vitro vascularized adipose tissue model. Our model consists of human adipose stromal cell (hASC) and
human umbilical cord vein endothelial cell (HUVEC) co-cultures which were exposed to natural adipogenic (ATE) 1 and defined serum-free
angiogenic differentiation media2 for 14 days to mimic vascularized adipose tissue in vitro. ATE is cytokine rich solution, which contains the
major adipocytokines and induces differentiation of hASC towards adipocytes as well as enables angiogenesis. Lipid accumulation, relative cell
number, adipocyte related gene expression and secretion of adipocyte specific proteins were analyzed. The vascular network was
immunostained and imaged and the area was quantified with image analysis.
In the model, both angiogenesis and adipogenesis were successfully induced. Presence of vasculature appeared to lead to faster maturation of
adipocytes. The developed vascularized adipose tissue model is a promising tool for adipose tissue research, including metabolism studies,
studying the effect of specific cell type on adipose tissue function and high-throughput studies.
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The placenta serves as a protective barrier between mother and fetus, regulating exchange of nutrients, waste, and other substances. Given the
ethical and technical challenges associated with studying maternal-fetal transport in vivo, studies to evaluate molecular transport often utilize a
biomimetic in vitro model of this barrier. However, the fetal endothelial cell component is often neglected, even though the endothelium itself is
considered a highly regulated barrier. Moreover, macrovascular cells, such as human umbilical vein endothelial cells (HUVECs), and
microvascular cells, such as human brain microvascular endothelial cells (HBMECs), have been shown to differ in phenotype, immunoreactivity,
and in molecular transport of inflammatory cytokines. Thus, our objective is to better understand the effect of endothelial cells, comparing
macrovascular (HUVEC) and microvascular (HBMEC), on molecular transport across a placental barrier model. We hypothesized that
microvascular cells will lead to reduced permeability of molecules across this barrier due to their more continuous tight junction expression
throughout the body, compared to macrovascular cells. We assessed barrier formation utilizing transepithelial electrical resistance (TEER)
testing, finding that TEER values over 14 days were generally higher for HBMECs (90±2 Ω∙cm2 at day 14) than HUVECs (87±6 Ω∙cm2 at day 14)
when co-cultured with BeWo b30 cells, a choriocarcinoma cell line that mimics placental trophoblast within the barrier. Conversely, initial
analysis of glucose transport across this co-culture model showed the diffusion coefficient to be higher when using HBMECs (2.86x10-5 cm2/s)
than when using HUVECs (1.43x10-5 cm2/s) suggesting faster diffusion through HBMECs. Both cell types also showed positive expression of VECadherin. Future studies to evaluate differences in barrier phenotype through evaluating intercellular junction expression, cytokine production
and transport, and immunoglobulin G transport will help to clarify which cell type is more suitable in a placental barrier model. Broadly, this
knowledge will better inform the role of endothelial cells within the placental barrier.
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Cerebrovascular diseases (CVDs) are the second leading cause of death and the first cause of permanent disability globally. CVDs are
complexes disorders caused by both environmental and genetic factors. These multifactorial diseases with many etiologies are subdivided into
ischemic events and cerebral hemorrhages. Genomic studies have identified RNF213 as a risk factor of Moyamoya disease (MMD) in Asian
descendants. Recently, RNF213 has been associated with intracranial aneurysms (IAs) in a French-Canadian population. RNF213 functions
remain poorly characterized, especially in CVDs development. The purpose of this study is to characterize the effect of knocking-out RNF213 in
human brain microvascular endothelial cells with 3D culture. RNF213 knock-out was made using the double nickase method with an
integrative lentiviral vector. A pair of guides RNA (sgRNA) targeting the exon 3 was specifically designed to create a double strand break and
invalidate the gene. sgRNA efficiency was evaluated by the mismatch assay. Immortalized human brain microvascular endothelial cells (hBMEC)
was transduced with a lentivirus encoding a SpCas9n-2A-Puro cassette and sgRNAs with two different promotors (hU6 and mU6). Infected cells
were selected for 3 weeks with puromycine. A tube formation assay was made on Matrigel® and cells proliferation was also determined. First,
sgRNAs efficiency was measured separately for each guide and then for double nicking. sgRNA cutting efficiencies varied from 28% to 42%.
After transduction of the CRISPR machinery, hBMEC-RNF213-/- showed a fibroblastic morphology when cultured at low density. Angiogenesis
was highly enhanced in hBMEC-RNF213-/-, even 4h after cells seeding. More master junctions and branches and longer tubes were observed.
Proliferation was also significantly affected in hBMEC-RNF213-/-, showed by a 3-fold decrease in daily doubs compared to controls. The CRISPRCas9 double nickase method is an efficient way to generate stable human endothelial cells. Generation of cells with specifics point mutations
using this method and development of a tissue engineered model will help understand vessels abnormalities found in CVDs.
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Stretchable ECM membrane improves cardiovascular repair and skin wound healing

Kwideok Park1,2，In Gul Kim1，Muhammad Suhaeri1，Mintai P Hwang3，Mi Hee Noh4，Donghoon Choi5
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Extracellular matrix (ECM) contains various biological and biophysical cues and has been an active research area of regenerative medicine.
Cell-derived ECM (CDM) in particular is easily generated in-vitro and recapitulates the multi-compositional nature of natural ECM. While such
CDM has been used in a variety of studies to assess cell behaviors and to regenerate specific tissues, its full potential has yet to be realized
due to its weak mechanical property and poor processability. Specifically, the inability to separate CDM from a culture plate without
compromising its structural integrity precludes its wide use in-vivo. In this study, we develop the capacity to isolate human lung fibroblastderived matrix (hFDM) from its underlying substrate by transferring it onto a polyvinyl alcohol (PVA) hydrogel. The resulting platform preserves
the native architecture of hFDM microenvironment, thereby conferring a biological interface to a viscoelastic membrane. We extensively
characterize its various properties: surface topography, compositions, and mechanical properties. The stretchable ECM membrane increases
cellular adhesion compared to conventional fibronectin coating and improves cardiomyocyte behavior in-vivo. With human mesenchymal stem
cells (hMSCs) (1x106) attached onto ECM membrane, as compared to direct hMSCs injection, we found many evidences of improved cell
retention and positive cardiac remodeling via rat myocardial infarct (MI) models, such as higher vascularity, lower fibrosis, and reduced infarct
area. In addition, we also fabricate a novel skin patch that combines antibiotic (ciprofloxacin), hFDM and PVA hydrogel. Antibacterial drug,
ciprofloxacin was very effective in suppressing colony growth of gram-negative and -positive bacteria. The infected wound models of BALB/c
mice demonstrate that ciprofloxacin successfully reduced bacterial infection and thus showed faster wound closure. Further analysis of wound
areas via histology and immunofluorescence revealed that the most advanced skin regeneration was achieved with ciprofloxacin-loaded ECM
membrane as assessed via re-epithelialization, collagen contents and distribution in the epidermis, and regenerated glands and follicles in the
dermis. We believe the results presented herein are both significant and of interest and envision a new class of material with diverse potentials
in the area of regenerative applications.
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3D-printed Poly (epsilon-caprolactone) scaffold combined with ECM-based hydrogel  for tissue-engineered
meniscus

Mingxue Chen，Weimin Guo，Quanyi Guo
Department of orthopaedics, Chinese PLA general hospital, Beijing, China

Objectives:
The aim of this study is to evaluate the biocompatibility and biomechanical properties of 3D-printed composite scaffolds in vitro, and study the
meniscus regeneration and cartilage protection using 3D-printed composite scaffolds in a rabbit meniscectomy model
Methods
The cell proliferation and redifferentiation on ECM-based hydrogels were studied by live/dead staining, CCK-8 test, biochemical assays and RTPCR. 3D-printed composite scaffolds were manufactured from PCL and ECM-based hydrogel. The mechanical properties and biocompatibility of
composite scaffolds were evaluated by electroforce biodynamic testing system, CCK-8, immunological rejection experiment respectively.
3D-printed composite scaffolds (group A) were implanted into a rabbit meniscectomy model in comparison with PCL scaffolds group (group B)
and the empty group (group C). Regenerated meniscus were assessed macroscopically, histologically and mechanically, imageologically after 3
and 6 months implantation.e
Results:
In vitro experimental results showed that ECM-based hydrogel might promote meniscal cell proliferation and redifferentiation. CCK-8 and
biomechanical assessment demonstrated the 3D-printed composite scaffolds possessed a good biocompatibility and biomechanical properties.
Compared with the group B and C, group A represented markedly better gross appearance and cartilage protection. Histological scores were
better for regenerated meniscus as well as corresponding articular cartilage in group A than the other two groups. Group A displayed a
significantly better Knee MRI scores compared to the other two groups at both 3 and 6 months. Mechanical testing demonstrated greater
tensile modulus of neomeniscus tissue in group A, in comparison with the other two groups
Conclusion
3D-printed composite scaffold has good biomechanical performance and biocompatibility, and can promote meniscus regeneration and
protect articular cartilage. In conclusion, it is a potentially good candidate of meniscal tissue engineering in the future.
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Layering of tissue-specific extracellular matrix scaffolds for the regeneration of spatially complex
musculoskeletal tissues

Pedro J Diaz-Payno1,2，Grainne M Cunniffe1,2，Eamon J Sheehy1,2,4，Susan E Critchley1,2，Henrique V Almeida1,2，Pierluca Pitacco1,2，Simon Carroll1,2，
Olwyn Mahon1,2,5，Aisling Dunne5，Tanya Levingstone3,4，Conor Moran3,4，Robert T Brady3,4，Fergal J O'Brien1,2,3,4，Pieter AJ Brama6，Daniel J Kelly1,2,3,4
1
Trinity Centre for Bioengineering, Trinity Biomedical Science Institute, Trinity College Dublin, Dublin, Ireland，2Department of Mechanical and Manufacturing Engineering, School of Engineering,
Trinity College Dublin, Dublin, Ireland，3Advanced Materials and Bioengineering Research Centre (AMBER), Royal College of Surgeons in Ireland and Trinity College Dublin, Dublin, Ireland，
4
Tissue Engineering Research Group, Department of Anatomy, Royal College of Surgeons in Ireland, Dublin, Ireland，5Molecular Immunology Group, School of Biochemistry and Immunology,
Trinity College Dublin, Dublin, Ireland，6Veterinary Clinical Sciences, School of Veterinary Medicine, University College Dublin, Ireland

Biological scaffolds generated from tissue-derived extracellular matrix (ECM) are commonly used clinically to treat a range of soft tissue
injuries1. Such biomaterials retain functional molecules2 that can enhance the tissue-specific differentiation of adult stem cells3,4. This suggests
that the appropriate assembly of different ECMs into multi-layered scaffolds might form the basis of new strategies for regenerating damaged
interfacial tissues such as the osteochondral unit. To this end, we first use matrisome analysis5 to demonstrate that growth plate (GP) and
articular cartilage (AC) contain a distinct array of proteins that may be particularly suited to bone and cartilage repair, respectively. Using an
iterative freeze-drying process, we next fabricated porous bi-phasic scaffolds composed of GP ECM overlaid by AC ECM, which were capable of
spatially directing stem cell differentiation in vitro, promoting the development of graded tissues that transitioned from calcified cartilage to
hyaline-like cartilage. Upon implantation into critically-sized caprine osteochondral defects, these scaffolds promoted regeneration in a manner
that was distinct to commercially available control implants. The GP layer supported endochondral bone formation, while the AC layer
stimulated the formation of an overlying layer of hyaline cartilage that better recapitulated the native collagen fibre architecture. These findings
support the use of layered, tissue-specific ECM derived scaffolds for regenerating spatially complex musculoskeletal tissues.
References
1. Gilbert TW et al. Decellularization of tissues and organs. Biomaterials 27, 3675, 2006.
2. Badylak, SF. The extracellular matrix as a biologic scaffold material. Biomaterials 28, 3587, 2007.
3. Almeida HV et al. Coupling freshly isolated CD44(+) infrapatellar fat pad-derived stromal cells with a TGF-β3 eluting cartilage ECM-derived
scaffold as a single-stage strategy for promoting chondrogenesis. Adv Healthc Mater 4, 1043, 2015.
4. Cunniffe GM et al. Growth plate extracellular matrix-derived scaffolds for large bone defect healing. e Cells Mater J, 152, 2016.
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Chitosan/Alginate scaffolds and dental stem cells towards temporomandibular disc regeneration
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The main focus of this study was the assessment of the fibro/chondrogenic differentiation of dental pulp stem cells (DPSCs) and production of
fibrocartilage tissue into 3D porous chitosan/alginate (Ch/Alg) scaffolds as a strategy to the temporomandibular joint (TMJ) disc
reconstruction.
Porous chitosan/alginate scaffolds were fabricated by chemical crosslinking following lyophilization, and seeded with DPSCs isolated from third
molars. DPSCs/scaffold constructs were then cultured in the presence of chondrogenic medium. Real time PCR was used to evaluate the
expression of specific fibro/chondrogenic markers such as Collagen I (COLI), Collagen II (COLII), Collagen X (COLX), Aggrecan (ACAN), Sox9
(SOX9) and cartilage oligomeric matrix protein (COMP) after 7, 14 and 21 days. The DPSCs/scaffold constructs were assessed for extracellular
matrix production by means of histology, immunofluorescence and thermomechanical analysis after 8 weeks in culture.
DPSCs/scaffold constructs exposed to chondrogenic medium presented a significant upregulation of COLX up to 1.7-fold and ACAN up to 3.7fold at day 14, and COMP up to 5-fold at day 21 compared to constructs cultured in basic medium. Moreover, we observed the absence of
COLII expression but a pronounced upregulation of COLI and SOX9 genes, indicating the differentiation of DPSCs towards a fibro/chondrogenic
phenotype. The storage modulus of the regenerated constructs was similar to the values of the human TMJ disc for the peripheral regions and
slightly lower than the values of the central region. Hematoxylin and Eosin staining demonstrated that scaffolds were fully covered with
regenerated tissue after 8 weeks in culture, while Alcian Blue staining indicated an extended deposition of glycosaminoglycans. These results
were supported by the immunofluorescence study indicating an abundant deposition of aggrecan in the newly produced extracellular matrix.
Our data highlight the efficacy of the proposed tissue-engineering approach for fibrocartilage tissue regeneration that can be used in the
reconstruction of the TMJ disc.
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Self-Setting and Injectable Hyaluronic Acid Hydrogels with Bioinspired Properties for Skeletal Tissue Engineering
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Tissue engineering is a promising approach to regenerate damaged skeletal tissues. In particular, the use of injectable hydrogels confers a
protective environment for stem cells and alleviates common issues of poor cell viability and engraftment. In addition, these injectable
substitutes allow for the development of minimally invasive surgeries, associated with reduced pain and costs. However, uncontrolled stem cell
fate, resulting from unphysiological environments and degradation rates, still remain a hurdle and impedes tissue healing. To overcome this
hindrance, the use of biodegradable hydrogels mimicking the mechanical and physical properties of native extracellular matrices (ECMs) offers
a hopeful approach. Herein, we report the development of a new platform of injectable and self-setting hyaluronic acid (HA) hydrogels. This
platform aims at providing biomimetic building blocks with a large panel of properties (stiffness, stress-relaxation, swelling...) matching those of
skeletal bone, cartilage and intervertebral disk tissues. These hydrogels are formed in situ through a reversible sol-gel chemistry resulting from
the polycondensation of silanol moieties at physiological pH. Rheological characterization demonstrated that these building blocks set within 5
minutes at 37°
C without any additives. By varying the crosslinking density, molecular weight and concentration, we obtained injectable
hydrogels with tunable physicochemical properties. Comprehensive mechanical analyses revealed that these hydrogels span a large range of
elastic moduli (E = 0.1-20 kPa), similar to those of native ECMs, with tunable biodegradation rates (from 24 hours to > 50 days) and swelling
ratios (500 to 5000% (w/w)). Cell viability within the hydrogels was further confirmed by a Live/Dead assay. To assess the influence of stressrelaxation on cell fate, viscoelastic HA hydrogels with reversible networks were also developed. Finally, to test their efficacy as bone
substitutes, we developed a hybrid HA/biphasic calcium phosphate (BCP) granules hydrogel and demonstrated that these hydrogels remain
injectable with similar degradation rates and limited swelling. In a near future, in vivo experiments will be conducted to study the inflammatory
response and degradation rate as well as their ability to drive bone tissue regeneration. In conclusion, our results suggest that these injectable
hydrogels with ECM-like properties are promising scaffolds for skeletal tissue engineering.
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Self-assembly of Biofunctional Fmoc-hydrogels for Enhanced Cell Transplantation
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Abstract:
Cell replacement therapy (CRT) represents a promising treatment strategy for a raft of injuries and disease. However, CRT is yet to reach it fully
potential, with the currently biological challenges being poor cell survival during administration, which we have shown is caused by the high
shear forces that the suspension is subjected to. Here, we present a alternative to circumvent these limitations, a selfassembling peptide
hydrogel that presents biological active motif’s to cells. We have demonstrated its capability to significantly increase cell survival by
dynamically forming a protective medium during injection. Our Fmoc protected peptide hydrogels are inherently shear-thinning, which we
exploit to optimally redistribute the forces acting on the cell suspension limiting the mechanical membranes disruption during administration.
Post-injection, the biologically active peptide, IKVAV, is presented at high density of the nanofibrils providing the necessary active motifs to
replicate essential features of the brain extracellular matrix. We have conducted hydrodynamic fluid modeling to determine the mechanism of
cell protection. This was further validated using experimental velocity data obtained from a specifically engineered microfluidic chip, allowing
us to simulate the injection process with microspheres to provide a full, real-time mechanistic understanding of the forces that transplanted
cells experience. Excellent agreement between our hydrodynamic fluid model and the microfluidic data provides a predictive tool that can be
easily ultilised to increased cell survival in CRT, and suggests that shear-thinning hydrogels that incorporate biologically active motifs represent
advanced treatment options for CRT, in this case as proof-of-concept in the brain.
In conclusion, we demonstrate that our SAP hydrogel provides the necessary adhesive and supportive cellular microenvironment to mimicking
aspects of the brain (ECM). Due to the increased cell adhesion, survival post injection administration, these hydrogels are an advanced
treatment option for brain repair.
Key Words: dynamic self-assembly, microfluidic devices, molecular hydrogel, nanoscaffolds, tissue engineering, cell replacement therapy,
regenerative medicine
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Highly Aligned Nanofibrous Extracellular Matrix for Diverse Tissue Engineering Applications     

Feng Zhao，Qi Xing，Zichen Qian，Lijun Zhang，Caleb Vogt，Mitchell Tahtinen
Department of Biomedical Engineering, Michigan Technological University

Natural extracellular matrix (ECM) derived from cultured human cells can recapitulate the chemical and biological motifs of the ECM found in
native tissues. Compared with ECM derived from animal tissues, cell-derived ECM avoids the problem of pathogen transfer and host
immunological reactions, thereby holding greater potential in tissue engineering. We have previously created a highly aligned ECM scaffold by
decellularizing fibroblast cell sheets that were grown on synthetic nanogratings. The ECM scaffold is composed of aligned uniform nanofibers
with a diameter of around 79 nm, which is similar to the size of collagen nanofibers in native tissues. The presence of abundant primary amine
groups in the ECM scaffold enables its functionalization. We have functionalized the ECM scaffold with a small nitric oxide (NO) donor, which
alters cell morphology, adhesion, and growth. When placed in osteogenic medium, the ECM scaffold adsorbs a large quantity of calcium, which
in turn enhances the osteogenic differentiation of human mesenchymal stem cells (hMSCs). The aligned ECM nanofibers provide directional
cues for cell alignment, which allows for seeding hMSCs on the ECM sheets to fabricate three-dimensional (3D) anisotropic tissue constructs,
such as vascular grafts. By co-culturing hMSCs and endothelial cells on the ECM scaffold, we have fabricated a prevascularized hMSC sheet
containing highly oriented, dense and mature microvessels, which can be further engineered to form 3D hMSC prevascularized tissues for
diverse tissue regeneration purposes. This naturally derived, highly aligned, nanofibrous ECM scaffold holds great promise for translational
applications.
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Uniform cell distribution and abundant phenotypic expression are key aspects of tissue engineering

CHUN WEI Willy CHANG，PEN HSIU Grace CHAO
Institute of Biomedical Engineering, National Taiwan University, Taiwan

These characteristics are crucial for the long-term functional development of the construct. We previously reported an electrospun fibrous
scaffold to recapitulate the mechanical functionality of ligaments and tendons. Here we demonstrate that the chemical cues in the
microenvironment, both soluble and insoluble, can promote cell migration and matrix deposition. In the first study, electrospun PLLA
microfibers were coated with fibronectin and/or collagen to compare their effects in promoting primary ligament fibroblast infiltration. Within
one week of culture, cell infiltration depth was significantly improved with collagen coating, reaching a uniform cell distribution through the
depth of the 100 µm construct. Interestingly, fibronectin alone, or the mixture of fibronectin and collagen did not promote cell migration,
suggesting an inhibitory role of fibronectin. In the second study, the collagen-coated constructs were used to test the effect of sequential
growth factor supplementation on long-term construct development. One-week culture with bFGF, followed by TGF-βtreatment, significantly
improved collagen deposition, over individual or combined growth factor treatments. Closer examination revealed more elongated nuclei,
suggesting an altered phenotype in the sequentially treated cells. Furthermore, while bFGF enhanced proliferation, continued presence of
bFGF, either alone or mixed with TGF-β, suppressed collagen synthesis. We demonstrate the synergistic actions of soluble and insoluble
chemical factors. While fibronectin and bFGF are widely used to promote cell adhesion and phenotypic expression, further optimization of
these factors is crucial in promoting tissue engineered construct development.
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Supramolecular Hydrogels as Extracellular Matrices for Tissue Engineering Applications

Shahzad Hafeez1，Nicholas M. Matsumoto2，Egbert W. Meijer2，Matthew B. Baker1
1
Department of Complex Tissue Regeneration, MERLN Institute, Maastricht University, Netherlands，2Institute of Complex Molecular Systems (ICMS), Eindhoven University of Technology,
Eindhoven, The Netherlands

The extracellular matrix (ECM) is the non-cellular component present within all tissues and provides essential biological and mechanical cues
required for tissue growth. Hydrogels (a network of hydrophilic polymers) are an intriguing class of material to be used as synthetic ECM as
they better mimic mechanics of soft tissues, support cell adhesion, and protein sequestration. Traditional hydrogels do a poor job of mimicking
native cellular environment as they are static, built from covalent bonds, while ECM is made up of covalent and non-covalent bonds, allowing a
more dynamic nature. High water content and transient or dynamic interactions of noncovalent bonds among ECM components (proteins,
glycoproteins etc.,) give rise to viscoelastic properties of ECM. To better mimic dynamicity and viscoelasticity of ECM synthetically, we are
developing self-assembled supramolecular hydrogels based on 1,3,5-benzenetricarboxamides (BTAs) owing to their dynamic nature on cellrelevant timescales, protein-like fibrous structures and the ease of adjusting mechanical properties by controlling interactions at atomic or
molecular level. BTA molecules stack over each other through 3 fold hydrogen bonding and hydrophobic interactions to form long selfassembled BTAs fibers, resulting in hydrogels.
Cell viability studies (live-dead assay and metabolic activity) of these hydrogels were performed with fibroblasts and chondrocytes and these
Non-RGD attached hydrogels caused very little cytotoxicity ( ≈ 10%). Cell spreading within hydrogels were observed with Alexa Fluor
488-Phalloidin and DAPI staining and it was found that these gels allow chondrocytes to form aggregates in 3D. Currently, cell culture
experiments are being carried out to investigate cartilage matrix formation by chondrocytes within these hydrogels. Furthermore, to
incorporate multifunctionality and bioactivity, e.g. RGD, work was done on desymmetrization of BTAs; a penta-fluorophenol BTA synthon has
been synthesized and desymmetrized using hexylamine as a model reaction. Peptides and dyes will be attached to desymmetrized products to
incorporate within the hydrogels to better mimic ECM bioactivity and to better control peptides spatiotemporally within these hydrogels.
Furthermore, desymmetrization will allow us to create a library of hydrogels with varying dynamicity and viscoelasticity that can help in
developing a better understanding of cell-ECM interactions and directing cell fate.
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Characterization of the human decellularized ovary

Zahra Vojdani，Ashraf Hassanpour，Tahereh Talaei-Khozani，Elyas Karhar，Vahid Razban
Department of Anatomy, Shiraz University of Medical Sciences, Shiraz, Iran

Background: decellularized tissues provide a natural niche for cell differentiation toward various cell lineages. Female germ cells are affected by
many therapeutic procedures such as cancer therapy. Some procedures have been suggested to keep the women fertile after treatment. Tissue
engineering is one of the choices and decellularized extracellular matrix can provide a good microenvironment for germ cell differentiation and
in vitro or in vivo oocyte maturation. The aim of this study was to decellularize the ovary and evaluate the efficiency of the procedure to
maintain the extracellular matrix constitutes.
Material and method: the human ovaries were immersed in SLES for 48 h at 18-20 °
C on a magnetic Stirrer at 100 RPM and subsequently 500
U/ml of deoxyribonuclease in PBS for 24 h at 36 °
C. Then the decellularized ovaries were prepared histologically and stained with hematoxylin
and eosin, and Hoechst. DNA content was also assessed to be sure about the decellularization process. Heidenhain's AZAN and Masson
Trichrome staining, Alcian blue (pH 2.5) and Gomori's aldehyde-fuchsin were also performed. Immunohistochemistry was done for laminin,
collagen type I and IV and fibronectin. Also, mesenchymal stem cells from Wharton’s jelly were cultured and the cell phenotype was evaluated
by scanning electron microscopy and cell viability was checked by MTT assay.
Results: the DNA quantification assessment and Hoechst staining showed the ovary decellularized. Immunohistochemistry showed that
collagens type I and IV, fibronectin and laminin remained in ECM after decellularization. Elastic fibers and glycosaminoglycans also remained in
decellularized ovary. The mesenchymal stem cells also were viable and could proliferate. Scanning electron microscopy also showed the
microarchitecture of the ovary kept after decellularization and the cells can attach to the different position of the matrix.
Conclusion: it seems administration of SLES and DNase could decellularize the ovary and kept the extracellular constitutions properly.
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Extensive assessment of host immune response following engraftment of decellularized uterine scaffolds in the
rat model
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Introduction: Uterine factor infertility was an incurable condition until the successful uterus transplantations performed in our clinic 2014. This
condition is thus now curable, but involves risky procedures for both the live donor and host, and involves immunosuppression with risk of
negative side effects. Decellularized organs reconstructed with recipient’s cells have been proposed as means to bypass these major Tx
obstacles. Hence, decellularized tissue needs be inert to the host immune system in order to be adequate for bioengineering applications.
Aims: To develop a whole rat uterus scaffold that is inert to the host immune system after engraftment and will consequently therefore be
suitable for future tissue engineering experiments using the rat model.
Materials and Methods: Whole organ decellularization was achieved by vascular perfusion with; 1) DMSO, Triton-X100 and PBS or, 2) DMSO,
Triton-X100 and deionized water (dH2O), or 3) Sodium deoxycholate (SDC) and dH2O. Decellularized uterine segments were grafted
subcutaneous in rats and immune response was assessed at day five, -fifteen, and -thirty using immunohistochemistry and droplet digital PCR.

Results: DNA remnants in scaffolds were directly related to T-, B- and NK cell infiltration. The decellularization protocol combining DMSO,
Triton-X100 and dH2O appeared the best in maintaining a low immune response. The SDC-protocol increased T-, B- and NK cell infiltration and
caused an upregulation of CD68-, CD4-, CD22-, IL1B- and TNFα genes.
Conclusion: This study shows protocol-dependent differences in the immune response following engraftment of decellularized rat uterine
segments and that lingering donor DNA may not be the only important factor in creating an inert scaffold. Together with results from our
previous two studies, we conclude that Triton-X100 and DMSO in deionized water is the best known decellularization, recellularization and
transplantation for rat uterus. This study also shows further insight on what to expect if a partially recellularized whole organ/tissue is
transplanted using similar decellularization methods since the recellularization efficiency with current day techniques is limited.
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Reconstructed decellularized uterine tissue for female fertility treatments
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Reproductive bioengineering may become a useful fertility treatment for female cancer survivors that risk sterility due to negative side effects
following cancer treatment. Uterus-related infertility is a common occurrence after cancer due to surgical interventions (e.g. hysterectomy) or to
radiation damage with shrinking of the uterus. Uterus-related infertility also exists for congenital reasons. Our group therefore established the
world’s first successful human uterus transplantation as a fertility treatment for these patient groups and eight babies have now been born from
a grafted uterus in our clinic. This previously untreatable condition can now thus effectively be cured. However, the risky live-donor surgeries
and immunosuppression-related negative side effects cause concerns. We therefore hypothesize that a personalized donor source using
decellularized uterine tissue repopulated with patient-derived cells may avoid these transplantation hurdles.
Our rodent studies showed that reconstructed decellularized uterus tissue restored fertility in a partial uterus injury model. Partial uterus repair
with a bioengineered uterus patch may become useful in a clinical situation to cover tissue defects caused for example by resection of
placental tumours, extensive myomectomy or adenomyomectomy. A bioengineered uterus patch could possibly be used in these situations to
increase the strength of the uterine wall and provide for a safe future pregnancy. This is therefore an appropriate intermediate goal for our
ultimate objective; to construct a functional bioengineered whole uterus graft. We are now translating our successful bioengineering strategies
to the sheep model so we can improve our techniques further before starting on non-human primate models. We will present our unpublished
results towards the bioengineered sheep uterus and include various decellularization protocols and the morphological-, biological- and
mechanical consequences of this scaffold generation process and how this effect the recellularization efficiency using sheep foetal stem cells.
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Retrievable grafts of xenoislet-laden hydrogel fibers for long-term glycemic control in diabetic mice
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Type 1 diabetes mellitus is major issue for our health and it is treated by insulin injection and cell therapy. Especially, islet transplantation is a
clinical method for treatment type 1 diabetes mellitus, but it is need of permanent use of immunosuppression drug. Encapsulating islets in
hydrogel is a promising technique to protect them from recipient immune attack after their transplantaion to treat type 1 diabetes mellitus
without immunosuppression drug. For the encapsulation of islets into the hydrogel, bead geometry has been widely employed because of its
simplicity and rapidness in the preparation process. Recently, some groups have shown that foreign body reaction (FBR) is mitigated by
advanced purifications and formulations of the hydrogel beads, and transplantation of the graft is able to normalize the blood glucose
concentrations. However, one of the problem with the beads is that it is almost impossible to completely retrieve or replace them after
intraperitoneal transplantation due to the complicated organ structures and a lot of the beads required. This raises significant risks and
concerns in the event of graft failure or medical complications. Thus, the graft retrievability is important for clinical transplantation. In this study,
we reveal that geometrical modification of hydrogel grafts from bead to fiber geometry enables the transplants both to mitigate FBR while
keeping their long-term function as well as to be retrieved. To prepare the hydrogel grafts in fiber geometry, we encapsulate all the islets into a
single hydrogel fiber by using microfluidic device reported previously. Specifically, we found that improved xenoislet-laden fiber-shaped
hydrogel grafts normalize the blood glucose concentrations of immunocompetent diabetic mice for more than 3 months, and the transplants
were retrieved en bloc from the intraperitoneal space of the mice. These findings could propose an innovative concept of transplant possessing
not only the long-term in vivo function without immunosuppression drugs but also the retrievability for improving their efficacy and safety.
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Characterization of M1 and M2-Polarized Macrophages in Vascularized Human Dermo-Epidermal Skin Substitutes
In Vivo
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Human vascularized bio-engineered dermo-epidermal skin substitutes (vascDESS) represent an alternative therapeutic option for the treatment
of large skin defects. vascDESS is a complex, clinically relevant skin equivalent containing both adipose-derived endothelial and mesenchymal
stem cells in the dermal component, which is subsequently covered with human keratinocytes. The grafts were transplanted for 1 and 3 weeks
on the back of immuno-incompetent rats and analyzed regarding the inflammatory response during wound healing.
Immediately following transplantation, vascDESS were highly infiltrated by granulocytes and monocytes (M0) as compared to non-vascDESS.
We investigated the polarization of those monocytes into opposite M1 (pro-inflammatory) or M2 (anti-inflammatory, pro-healing) phenotype at
distinct time points in vivo. The number of CD68+CD206+ M2-polarized macrophages was higher in 3-weeks transplants as compared to earlystage transplants (1 week). In contrast, the number of CD68+iNOS+ M1 cells was markedly increased at 1 week in vivo and then decreased in
later stages in vivo.
Our results suggest that the phenotype of macrophages changes during wound healing from a more pro-inflammatory (M1) profile in early
stages after injury, to a less inflammatory pro-healing (M2) phenotype in later phases in vivo. Furthermore, we observed a time-dependent
decrease of granulocytes in all transplants at 3 weeks. Our results demonstrate a distinct spatiotemporal distribution of M1 and M2
macrophages as well as granulocytes in our transplants that closely resembles the one observed during physiological wound healing. The
differences identified between vascDESS and non-vascDESS may indicate that human endothelial cells lining blood capillaries of vascDESS
accelerate infiltration of monocytes and leukocytes.
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Microvessel Model of Sprouting Angiogenesis to Study the Effect of Epidermal Growth Factor-Like Domain 7
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Sprouting angiogenesis is the new formation of capillaries from a blood vessel in order to feed oxygen and nutrients to ischemic tissue. This is
induced by the vascular endothelial growth factor-A (VEGF-A) which is actively secreted from ischemic tissue such as a tumor. Receiving the
VEGF-A signal, the endothelial cells start to form capillaries toward area with a high concentration of VEGF-A. The capillary has tip cell which
migrates toward VEGF-A, and stalk cell which follows the tip cell. In the context of sprouting angiogenesis, Epidermal growth factor-like domain
7 (EGFL7, also known as Vascular Endothelial-statin) plays important roles. The EGFL7 is mostly expressed by endothelial progenitors and
endothelial cells during the development and in adult. EGFL7 is known to affect angiogenesis, vascular tubulogenesis, and remodeling of an
extracellular matrix. In endothelial sprouts, EGFL7 is localized at the basal side of stalk cells and shows a patchy pattern around the tip cells.
However, the function of EGFL7 in sprouting angiogenesis remained poorly understood because there were few experimental methods to focus
sprouts with lumen in cellular level. The study of EGFL7 in sprouting angiogenesis would benefit from an in vitro model comprising a preexisting vessel and enabling flexibility in cell/microenvironment.
To this end, we developed a tissue-engineered blood vessel that could be used to investigate the function of EGFL7 during sprouting
angiogenesis. The microvessel was fabricated by culturing human umbilical vein endothelial cells (HUVECs) within a collagen scaffold. We
prepared EGFL7-knockdown HUVECs by siRNA transfection, and fabricated the EGFL7-knockdown microvessel by using these cells. The
microvessel was cultivated with VEGF-A to induce the sprout formation. EGFL7 knockdown caused regression of the sprouting angiogenesis.
Furthermore, more numbers of filopodia appeared at the surface of the EGFL7-knockdown vessel compared to the control. This suggests that
EGFL7 is involved in the Notch regulation for a functional angiogenesis. Thus, our model enabled to observe cellular behavior relating EGFL7.
These results highlight that our model is a useful in vitro method for the study of sprouting angiogenesis.
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Development of new in vitro model that mimics early implantation of embryo using tissue engineered constructs
derived from human endometrial stromal cells

Jeonghyun Kim1，Takayuki Harada1，Yasushi Hirota3，Takehiro Hiraoka3，Osamu Yoshino4，Shigeru Saito4，Yutaka Osuga3，Takashi Ushida1,2，
Katsuko S Furukawa1,2
1
Department of Bioengineering, University of Tokyo, Tokyo, Japan，2Department of Mechanical Engineering, University of Tokyo, Tokyo, Japan，3Department of Obstetrics and Gynecology,
School of Medicine, University of Tokyo, Tokyo, Japan，4Department of Obstetrics and Gynecology, School of Medicine, University of Toyama, Toyama, Japan

As the average age of mothers having their first baby is rising, the pregnancy rate tremendously drops. For those who are suffering from the
infertility, in vitro fertilization (IVF) has become a powerful alternative. The successful IVF cycle needs to encounter several requirements
involving the great quality of embryos. In this study, we utilized human endometrial stromal cells (hESCs) to form the tissue engineered
constructs, called scaffold free tissue (SFT). Our novel method successfully fabricated the tissue engineered constructs in a thick threedimensional disc shape. By cocultivating rat embryos on the SFT for 24 hours, we showed that it facilitated the embryo growth and early
implantation in vitro compared to a monolayer reconstructed by hESC or normal culture dish. Particularly, it highly enhanced the ratios of
embryo development, hatching, and attachment. The confocal microscopy images represented that the embryo was successfully attached and
further started penetrating in the SFT. As a result of real time PCR (rt-PCR), it showed that the hESCs in the form of three-dimensional SFT
rendered high gene expressions that are related to the blastocyst implantation during the pregnancy in contrast to the hESC monolayer
condition. As far as we know, this is the first study model that mimics the early implantation of embryo in vitro. Hereby, we first suggested the
potential application of endometrial stromal cells in the form of the three-dimensional engineered tissue constructs in order to promote the
embryo early implantation. Moreover, this novel in vitro model using the SFT is expected to reveal the molecular mechanism in order to find
out key factors to regulate early implantation during the pregnancy.
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Tuning fluoride dose to induce vascularized bone formation via modulating the osteoimmune response of
macrophages
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Fluoride has essential effects in bone physiological activity and is widely used in bone biomaterials modification. However, this beneficial effect
is highly related to the dose range, and improper dose can lead to pathological condition, like fluorosis of bone. Understanding its dose
dependent effect is essential for the development of fluoride-containing bone biomaterials. This study aimed to investigate the dose dependent
effect of fluoride on bone regeneration. It was found that fluoride showed cytotoxicity effect when the concentration is higher than 480 μM. At
the range of 0.24-240 μM, the in vivo bone formation can be regulated via tuning fluoride concentration, and the peak osteogenic effect was
found at 2.4-24 μM. The underlying mechanism is related to the modulation of the inflammatory cytokines and expression of osteogenic
factors (BMP2 and OSM) and angiogenic factor (VEGF) during the early osteoimmune response. To further determine the key regulating
immune cells, we investigated the effect of fluorine on modulating the osteoimmune response of macrophage. It was found that fluorine (2.4
and 24 μM) inhibited the inflammatory response of macrophages, and supressed the expression of fibrogenic factors (TGF-β). In vitro
osteogenesis and angiogenesis were both improved by the fluorine (2.4 and 24 μM)/macrophages conditioned media, which is consistent with
the in vivo results. These results collectively implied that fluoride regulates bone formation in a dose dependent manner, and tuning the dose
range to 2.4-24 μM could be most favourable for fluoride-mediated bone regeneration. Future development of fluoride containing bone
biomaterials should control the release concentration of fluoride within the range of 2.4-24 μM for improved bone formation.
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The demand for tissue engineered dermal scaffolds for treating full thickness skin wounds continues to rise as health care standards increase
the life expectancy of patients and current products present limitations, such as unreliable integration. Scaffolds intended for tissue repair or
regeneration undergo rigorous in vitro and in vivo testing to fine tune their optimal properties for efficient healing. Many in vitro studies involve
seeding cells onto such biomaterials to investigate cell-scaffold interactions. Additionally, scaffolds can be cellularised with relevant cell type/s
to form implantable tissue constructs. Optimising factors required for maximal cell seeding efficiency could limit the number of cells lost at
seeding, make in vitro cell studies more cost-effective, and help in the research and development of new biomaterials for tissue reconstruction,
including skin. Traditionally, optimisation of cell seeding efficiency has been done by varying one-factor-at-a-time (OFAT) where it is assumed
that the different factors are independent of each other. Moreover, OFAT experiments are time-consuming. Design of Experiments (DOE) offers
a tool to develop an efficient multi-factor experimental strategy that ensures that all factors and their interactions are systematically
investigated. DOE is routinely applied in a broad range of fields such as biopharmaceutical manufacturing, stem cell biology or drug discovery.
However, its application in biomaterial development and tissue engineering is still limited. The aim of this study was to optimise the cell
seeding efficiency of dermal scaffolds for in vitro pre-clinical studies using a full factorial design with four factors with 2 to 3 levels each. Two
different dermal scaffolds, Integra® and Smart Matrix®, were used. We hypothesised that the interaction/s of variables that affect cell seeding
efficiency is different for each dermal scaffold. The overall objective of this case study was to highlight the importance and usefulness of
factorial design in the tissue engineering and biomaterials fields. Our results show the complex relationship between cells and scaffolds and
suggests that the optimum seeding conditions for each material may be different due to dissimilar material properties. Our factorial
experimental design can be easily translated to other cell types and 3D biomaterials, where multiple variables and their interactions can be
thoroughly investigated for optimising cell seeding efficiency.

559

a91214

02-P542

An injectable delivery system for the local delivery of osteogenic extracellular vesicles
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Emerging evidence suggests that cell-secreted extracellular vesicles (EVs) play essential roles in cell-cell communication and regulation of
osteogenic activities for bone regeneration. For these nanosized particles to be therapeutically effective high doses are required. Isolation and
purification of such large numbers of EVs is currently unfeasible due to cost, time and process scalability. In this work, we evaluate the
potential to engineer a polymeric delivery system that may be used to controllably administer EVs to a bone defect via intra-articular injection.
EVs were isolated from MC3T3 pre-osteoblasts under osteogenic conditions (10mM β-glycerophosphate and 50μg/mL L-ascorbic acid) using
differential ultra-centrifugation. Alginate was formed into a hydrogel by dissolving in deionised water and structured into a fluid-gel by applying
shear during gelation. Both physical forms were optimised for rheological behaviour to enable identification of processing parameters that
resulted in shear-thinning and injectable samples.
A comparison of EV release from the optimised alginate hydrogel and fluid-gel were conducted using a fluorescence assay and an EXO-ELISA
for detection of the known tetraspanin EV marker, CD-63. Confocal microscopy was also used to confirm homogeneous distribution of the EVs
within each formulation. Controlled release of these nanosized particles was demonstrated from the alginate fluid-gel, however in comparison
limited release was observed from the hydrogel. In summary, this work highlights that structuring of polymeric biomaterials into fluid-gels may
enable controlled local delivery of nanosized entities, including EVs, which may not be possible using simple conventional hydrogel systems.
The authors acknowledge financial support from the MRC.
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Optimisation of algorithmically generated hierarchical vascular networks
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Fabrication of functional vascularized three-dimensional tissues and organs has been a long-standing objective in the field of tissue engineering.
A current limitation in this field is the lack of a functional internal mass transport system, known as "vascular network", to provide the cells
access to nutrients and oxygen, and remove waste. Achieving such a system would allow the development of large-scale tissue constructs and
increase the potential for in vivo integration. Considering the natural hierarchical branching vasculature as an ideal solution, the present
research proposes a method for the automated generation of physiologically accurate three-dimensional models of vascular structures. To
achieve this, an algorithm was developed and programmed, based on existing models of arterial tree growth. It consists of a space-filling
algorithm that connects all given points to a growing "tree" within a defined three-dimensional volume, while fulfilling the physiologic laws of
circulation. Two independent vascular trees have been grown simultaneously and are connected at the endpoints to create the network. The
network is generated in a Computer Aided Design (CAD) environment as solid bodies and can, therefore, be used in Additive Manufacturing
(AM) processes. Given the biological nature of the vascular system, Inkjet 3D printing is the preferred method, amongst AM processes, for the
fabrication of the networks due to its versatility, as it allows reproducibility of the structures as well as compatibility with the required
materials. Computational Fluid Dynamics (CFD) analysis has been used to study changes in shear stress, pressure drops and blood flow
velocities within the network.
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Enabling platform technology for 3D bioprinting of functional and vascularized human endocrine organs
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Shortage of human organs available for transplantation is an urgent and still unsolved problem of clinical medicine. One of the main goal of
rapidly emerging 3D bioprinting technology is a biofabrication of artificial living human organs suitable for clinical transplantation. Organ
printing could be defined as an automated robotic layer by layer additive biofabrication of functional 3D tissue and organ constructs from living
human cells and biomaterials according to digital model. Here we report first time about development of technology platform which enables
3D bioprinting of functional and vascularized endocrine human organs. Endocrine human organs deliver their products (hormones) directly into
the blood and, thus, they have relatively simple anatomical organization due to absence of complex ductal system. Enabling technology
platform includes i) development of viscous bioprocessible and biodegradable porcine collagen (“VisCol”) which allows 3D printing of
biodegradable collagen scaffold with high level of fidelity; ii) unique original multifunctional 3D bioprinter “Fabion” which allows 3D bioprinting
of one tissue spheroids a time; iii) hydrogel spraying device for spraying fibrin hydrogel. Using this enabling technology platform it is possible to
bioprint at least seven human endocrine organs such as ovary, testis, thyroid gland, parathyroid gland, adrenal, endocrine part of pancreas and
thymus. First result of 3D bioprinting of functional and vascularized human ovary will be presented. The unique advantage of human ovary for
testing proposed 3D bioprinting platform technology is a fact that it is necessary to have only one cell (oocyte) in order to validate fertile
function of bioprinted human ovary. Perspectives of using developed enabling technology platform for 3D bioprinting of another human
endocrine organs will be also discussed.
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Rats

Alberto Maria Crovace1，Sabino Luzzi2，Luca Lacitignola2，Valerio Valentini2，Edda Giuseppina Francioso2，Giacomo Rossi3，Gloria Invernici4，
Renato Juan Galzio5
1
Department of Veterinary Medicine ,University of Perugia，2Department of Emergencies and Organs Transplantation,University Di Bari Aldo Moro-Italy，3School of Biosciences and veterinary
Medicine ,University of Camerino -Italy，4IRCSS Istituto neurologico Carlo Besta -Milano，5Department of Neurosurgery IRCSS Policlinico San Matteo Pavia-Italy

Proof of the efficacy and safety of a xenogeneic mesenchymal stem cell (MSCs) transplant for spinal cord injury (SCI) may theoretically widen
the spectrum of possible grafts for neuroregeneration.
Twenty rats were submitted to complete spinal cord transection. Ovine bone marrow MSCs, retrovirally transfected with red fluorescent
protein and no previously induced for neuro-glial differentiation, were applied in 10 study rats (MSCG). Fibrin glue was injected in 10 control
rats (FGG). All rats were evaluated on a weekly basis and scored using the Basso-Beattie-Bresnahan (BBB) locomotor scale for 10 weeks, when
collected data were statistically analyzed. The spinal cords were then harvested and analyzed with light microscopy, immunohistochemistry
and immunofluorescence.
Ovine MSCs culture showed positivity for Nestin. MSCG had a significant and durable recovery of motor functions (P < .001). Red fluorescence
was found at the injury sites in MSCG. Positivity for Nestin, tubulin βIII, NG2 glia, neuron specific enolase, vimentin and 200 kD Neurofilament
were also found at the same sites.
Xenogeneic ovine bone marrow MSCs proved capable to engraft into the injured rat spinal cord. Transdifferentiation into a neuroglial
phenotype was able to support partial functional recovery.
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Combined effects of TGFB3, BMP12 and tendon matrix on tenogenic differentiation of mesenchymal stromal cells
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Multipotent mesenchymal stromal cells (MSC) could restore functionality in injured tendon tissue, but cellular mechanisms of action are still not
fully elucidated. Potential tenogenic differentiation of locally transplanted MSC is affected by various intrinsic and extrinsic factors. The current
study presents an in vitro model to evaluate the combined extrinsic effects of decellularized tendon matrix, transforming growth factor beta 3
(TGFB3) and bone morphogenetic protein 12 (BMP12) on the tenogenic fate of adipose tissue‑derived MSC. Equine MSC were either incubated
as monolayer cultures supplemented with TGFB3 and BMP12 or cultured on tendon matrix scaffolds pre‑loaded with the same growth factors
for 3 and 5 days. Growth factor‑mediated tenogenic induction of MSC was modulated by the conditions of the surrounding microenvironment.
The gene expression pattern in monolayer cultures supplemented with TGFB3 or TGFB3 and BMP12 revealed an upregulation for collagen
1A2, collagen 3A1, tenascin c, scleraxis and mohawk (p < 0.05). However, the presence of tendon matrix led to an upregulation of decorin and
osteopontin as well as to a downregulation of smad8 (p < 0.05). Pre‑loading of scaffolds with either TGFB3, or with TGFB3 and BMP12
promoted a tenocyte‑like phenotype and improved cell alignment. Furthermore, gene expression in scaffold culture was modulated by TGFB3
and/ or BMP12, with downregulation of collagen 1A2, collagen 3A1, decorin, scleraxis, smad8 and osteopontin, while gene expression of
tenascin c was increased. This study demonstrates that growth factor‑induced in vitro tenogenic differentiation of MSC is markedly altered by
the topographical constraints of decellularized tendon tissue. While TGFB3 represents an effective mediator for tenogenic induction, the role of
BMP12 in tenogenesis may be of modulatory character.
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Effect of different activation methods on release of transforming growth factor- β1 and platelet-derived growth
factor-BB from equine platelet-rich plasma
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Introduction Reportedly, the addition of autologous serum and CaCl2 to platelet-rich plasma (PRP; Ca) or freeze–thaw cycle to PRP (Fr) is a
preferred option to activate platelets. However, the effect of different activation methods on cytokine release from platelets remains unclear.
This study aims to compare the concentration of transforming growth factor (TGF)-β1 and platelet-derived growth factor (PDGF)-BB in PRP
released by two activation methods and investigate the effect of the number of freeze–thaw cycles on the concentration of cytokines in PRP.
Methods PRP was prepared from Thoroughbreds by a double-spin method and was activated by the Fr and Ca method. Then, TGF-β1 and
PDGF-BB concentrations were measured by commercial ELISA kits. For Fr samples, PRP was frozen for 2 h at −80°
C, and then thawed at room
temperature. For Ca gel samples, after gel centrifugation, the supernatant was collected and the precipitate was homogenized in an extraction
buffer and recentrifuged. The total amount of cytokine in Ca PRP was considered as the sum of cytokine values from supernatant and
extraction buffers. These results were compared with non-activated PRP (No) or plasma (P). Additionally, PDGF-BB concentrations of Fr PRP in
each cycle (double, triple, and quadruple) were measured.
Results While the TGF-β1 concentration in Fr, Ca and No was significantly higher than in P, Ca was significantly lower than Fr and No, with no
significant differences between Fr and No. The PDGF-BB concentration in Fr and Ca was significantly higher than No and P, with no significant
differences between Fr and Ca. The PDGF-BB concentration in the double and quadruple cycle significantly increased than that in a single
cycle. No significant differences were noted in PDGF-BB among double, triple, and quadruple cycles.
Discussion Unreasonable results of TGF-β1 concentrations could be a result of sample activation protocol by acid in ELISA kit because it was
observed microscopically that the addition of acid disrupted almost all platelets. Conversely, as no significant difference was observed in the
PDGF-BB concentration by Fr and Ca, both activation methods have equivalent ability to release cytokine from platelets. Regarding the effect of
repeated freeze–thaw cycle, double or more cycles induced higher cytokine concentration in PRP compared to a single cycle.
Conclusion Double freeze–thaw cycle is the easiest and most reasonable method of equine PRP activation.
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Proteomic characterization and anti-inflammatory effect of primed canine adipose mesenchymal stem cell
conditioned medium
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In the past 15 years, Mesenchymal Stromal Cells (MSCs) has emerged as a therapeutic innovative tool for regeneration of injured and
inflamed tissues. In veterinary medicine, those cells are raising an increasing interest. Some years ago, the main action of MSC was described
as tissue integration after differentiation. However, paracrine secretion has been proposed as the principal mechanism involved in tissue
repair. Many pre-conditioning approaches have been explored in order to modify the secretory pattern of MSC. In the present study, we
wanted to define canine adipose mesenchymal stem cell secretome after different priming conditions that would mimic an inflammatory
environment. In particular, we wondered whether conditioned medium (CM) would have a beneficial effect on inflammation.
The first steps of this investigation was to determine a proteomic profile of the MSC conditioned medium, to find the presence of specific
cytokines and characterize the population of secreted extracellular vesicles (EV). Proteomic profiling of the MSC secretome was made by
electrophoresis coupled with mass spectrometry and were confirmed by ELISA.
Then, to assess the CM effect on inflammation, a canine macrophage cell line DH82 was activated by LPS and treated with concentrated
canine adipose MSC-derived CM. The level of TNFα, IL1β, IL10, IL6, and IL8 cytokines were quantified by ELISA.
The first results showed that MSC secreted more proteins and EV after different priming conditions.
Moreover, CM down-regulates macrophage secretion of TNFα and IL1β pointing that MSC-derived CM exhibits an anti-inflammatory effect.
These data indicate that CM containing EV delivered by canine adipose MSC could be a good alternative for the treatment of canine
inflammatory diseases. Finally, the priming optimization of MSC secretome could potentially lead to optimize the anti-inflammatory effect of
CM.
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A case study of mesenchymal stem cell therapy to chronic hepatitis of dog
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Mesenchymal stem cells (MSC) therapy is expected to be a new promising treatment for variety of refractory diseases due to anti-inflammatory
and tissue repair/protective cytokines secreted from MSC. Chronic liver disorder induced by hepatitis is one of the targets of MSC therapy
since numerous researches in mice and human demonstrate therapeutic improvements of liver inflammation, and structural degeneration by
MSC therapy. However, the application of MSC therapy to companion animals with chronic liver disease was hardly reported.
We have tried to carry out MSC therapy for five years to animals with certain refractory diseases to demonstrate clinically acceptable results.
A dog (Jack Russell Terrier, 6-year-old, Castrated male, 6.7 kg) received cholecystectomy due to severe cholecystitis. However, liver marker
values were elevated and the liver histopathologic examination revealed hepatocyte necrosis, inflammatory cell infiltration, and micro
granulation. Liver marker values gradually deteriorated during 1 year after the standard treatment. In addition to the standard treatment, we
performed periodic intravenous administration of MSC (either of autologous and allogeneic adipose-derived MSC or allogeneic umbilical cordderived MSC). After 15 months, liver marker values decreased to stabilize around the normal ranges. A histopathologic examination indicated
disappearance of abnormal lesions.
It is possible that repeated MSC administration is a promising treatment for the chronic hepatitis of dog. The improvement may be due to
hepatocyte growth factor secreted by MSC.
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A questionnaire survey to the clients of companion animals receiving transplantation therapy of allogenic
mesenchymal stem cells.
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Regenerative medicine is a promising treatment not only for human but also for companion animals. The transplantation therapy of
mesenchymal stem cells (MSC) is not clinically established yet, and it will take more time to become a socially accepted treatment by
accumulating the evidence. However, in some private animal clinics, the MSC transplantation has been performed for companion animals who
suffer from refractory diseases. Client's frank responses will be a compass of management of advanced MSC therapy at animal hospitals. It is
important to know how the clients were satisfied by the cell therapy. Thus, we have conducted a retrospective questionnaire survey to 69
clients whose companion animals had received the allogenic MSC therapy at our hospital during last two years.
We obtained answers from 27 clients. For the question about the therapy effectiveness, 96% of clients felt “improvement” on their companion
animals upon the therapy (“very much” 44%, “so much” 37% and “some” 15%), while nobody did “got worse”. On the question about the client
quality of life (QOL), it was found that the most clients could spend happier time with them after the therapy, probably due to better or
improved behavior of their companion animals. On the question about the therapy cost, 60% of clients thought expensive (“very expensive”
28% and “expensive” 32%).
The questionnaire survey indicates that the MSC therapy at private animal clinics in Japan fundamentally improves the QOL of both the animal
patients and their clients. Throughout further advance in the science and technology of therapy, we expect that the MSC therapy become more
socially accepted treatment and contribute to the “Good Human-Animal relationship”.
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Transplantation therapy of adipose-derived mesenchymal stem cells for dog and cat with corneal injury
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Dogs and cats sometimes develop corneal injury, such as corneal ulceration, descemetocele and chronic epithelial defect. The ocular
conditions are uncomfortable to animals. The standard treatment improves the disease conditions in many cases, but not in some cases. Tissue
repairing generally requires the blood supply to the injured area. Mesenchymal stem cells (MSC) release various angiogenic proteins including
vascular endothelial growth factor (VEGF), to promote angiogenesis.
A dog (Bulldog, 3-year-old, female, 22 kg) developed melting corneal ulcer on the right eye and with descemetocele on the left eye. The
standard treatment was not effective while corneal angiogenesis was poor. A conjunctival flap was performed on the left eye for direct blood
supply to the descemetocele. Just after the flap procedure, allogeneic canine adipose-derived MSC were intravenously administrated.
Additional two times administration of MSC into the glutes was done within a week. Angiogenesis was observed on the both eyes 1 week later
and the corneal defects were healed. A transient increase of serum VEGF concentration in response to each MSC administration was
observed.
For a cat (Scottish Fold, 4-year-old, female, 5.3 kg) with spontaneous chronic corneal epithelial defects of right eye, the first debridement
neither induced angiogenesis nor heal the eye. The second debridement was performed combined with 2 time intravenous administration of
allogeneic feline adipose-derived MSC. Significant angiogenesis was induced, and the eye was completely healed.
The MSC administration is beneficial to treat induce angiogenesis for improved disease conditions.
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Platelet-Rich Plasma in Partially Torn Anterior Cruciate Ligament in a Rabbit Model
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Purpose: This paper is a comparative study of the orthopedic, radiologic, biomechanical and histologic evaluation of intra-articular injection of
adipose-derived mesenchymal stem cells (ADMSCs), stromal vascular fraction (SVF) and platelet-rich plasma (PRP) in partially torn anterior
cruciate ligament (ACL).
Methods: Thirty-two New Zealand white rabbits were studied. The 3 mm of the right ACL was partially transected. In the ADMSCs group, 2×
106 ADMSCs were suspended in normal saline injected into the right knee with partially transected ACL (n = 8). In the PRP group, to prepare 1
ml of PRP, 15 ml was taken from the jugular vein and the prepared PRP was injected into the right knee (n = 8). In the SVF group, 2.8×106
stromal vascular fraction cells were suspended in normal saline injected into the right knee (n = 8). In the control group, 1ml of normal saline
was injected into the right knee (n = 8). The right ACL of eight animals from each group were evaluated orthopedically, radiologically,
biomechanically and histologically at 4 and 8 weeks after injection. For the biomechanical test, the femur–ACL-tibia complex was used to
measure the ultimate failure load. Histologic evaluation of ligament was performed after the biomechanical test to assess ligament maturity.
Results: In the ADMSCs group at 8 weeks after surgery, the ultimate failure load was significantly higher than the PRP and control group at 4
and 8 weeks after surgery (P < 0.05). The gross and histologic score was notably higher in the ADMSCs group than in the PRP and control
group at 4 and 8 weeks after surgery (P < 0.05).
Conclusions: In this study, we conclude that ADMSCs group is more effective for healing of ACL than PRP and control group through
mechanical evaluation, gross and histological evaluation.
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Periostium regeneration using collagen biomembrane to promote soft-hard tissue integration: A clinical
experience
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Soft tissues such as muscle, fat and skin have limited ability to adhere and form a "take" onto hard tissues such as bone. We are currently in the
middle of veterinary clinical trial (equivalent to Phase 1) with veterinary patients, using a proprietary collagen biomembrane produced using a
Biofabrication/Bioreactor approach. This clinical trial, approved by the clinical partner's Ethics Committee and registered on the American
Veterinary Medicine Association's Health Studies database of clinical trials, aims at exploring the biomembrane's capacity as a skin repair
inducing medical device.
One patient of this clinical trial, a female dog having suffered massive fireworks-related (probable animal abuse) soft tissue loss on the snout,
cheeks and skin, had initially been included to the above clinical trial.
Her condition deteriorated, and muscle and fatty tissue was lost in the space between the snout bone and skin. It was decided to exclude the
patient from the above clinical trial, and instead enroll her in a pilot study for use of the same, aforementioned biomembrane, but for
periostium regeneration, as opposed to skin repair.
Under general oral anesthesia, the treatment area prepared by shaving away fur adjacent to the treatment area and the snout bone cleaned
with saline and iodine, removing blood and crust using gauze. The biomembranes were applied directly onto the bone tissue, using the rubber
applicator sheet, gently peeling off the biomembrane, which consequently adapts directly to the underlying anatomy, forming a tight coat-like
sheet. The healthy skin tissue was prepared by different surgical techniques, such as detachment and flap techniques, to maximize the area of
soft tissue, and laid onto the periostium substitute.
The surgery was initially a success, forming a take that endured over the course of the first few days. Due to an unideal convalescence
strategy, the patient was moving around freely in subsequent days, and some vital sutures were torn. This tear caused an explosive effect in the
well-healed soft tissues, which compromised the right half of the snout, eventually leading to a loss of take on the right half, but the welladhered take on the left half, remained.
The success with the biomembrane seen with the left half suggests the biomembrane is suitable for wide-ranging applications requiring
connective tissue conducive to soft tissue regeneration, including but not limited to, skin and periostium, based on our own clinical experience.
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A novel co-culture assay reveals context-sensitive immunomodulation by equine multipotent mesenchymal
stromal cells
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Functional characterization of multipotent mesenchymal stromal cells (MSC) is crucial and gives insight into their mechanisms of action. Here
we aimed to develop a novel co-culture assay for the assessment of MSC immunomodulatory potential, based on direct co-culture of MSC and
non-sorted leukocytes obtained from whole blood.Leukocytes from one donor horse were isolated by density gradient centrifugation optimized
for recovery of all leukocyte populations including granulocytes. They were either left unstimulated or stimulated by concanavalin A (con A) or
phytohemagglutinin and ionomycin (PHA/I) for 6 h. Leukocytes were then added to equine adipose-derived MSC (N=6 donors) labelled with
violet proliferation dye 450, and after 1 h of incubation allowing for cell communication, cells were blocked with brefeldin A for 4 h. All cocultures were collected and subjected to live/ dead and antibody staining and multicolor flow cytometry. Staining was performed for
intracellular cytokines, including IL-1, TNF-α, IFN- γ and IL-10, and surface antigens to discriminate between different cell types.Con A led to
mild activation of leukocytes, whereas PHA/I led to strong activation but also decreased viability, particularly in granulocytes. Among the MSC,
percentages of IL-10+ cells were increased in stimulated as well as non-stimulated co-cultures compared to MSC monoculture (p<0.05). Effects
of MSC on leukocytes considered as anti-inflammatory included that presence of MSC decreased the percentage of IFN- γ + monocytes and
granulocytes in con A-stimulated samples (9.2±3.6% with MSC vs. 41.2% without MSC). Furthermore, MSC reduced IL-1+ granulocytes in nonstimulated (3.0±2.2% with MSC vs. 6.0% without MSC) as well as con A-stimulated cultures (2.9±1.6% with MSC vs. 13.1% without MSC).
Effects with pro-inflammatory character included that a higher percentage of IL-1+ monocytes was found in non-stimulated (27.4±5.1% with
MSC vs. 4.8% without MSC) as well as con A-stimulated samples (34.2±7.6% with MSC vs. 18.0% without MSC). Furthermore, IL-10+ T cells,
granulocytes and monocytes were reduced by presence of MSC in non-stimulated as well as stimulated cultures. The results demonstrate antias well as pro-inflammatory effects of MSC, and that there is complex context-sensitive interaction with different leukocyte subtypes.
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Microfluidic Chondrocyte Culture in vitro facilitates Osteoarthritis Research
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Osteoarthritis (OA) is a degenerative joint disease with intermittent inflammatory episodes. A study performed in 8 European countries showed
that between 5 and11% of the population aged 25-79 suffer from OA (Dalstra 2005). OA has a major impact on human activity and is a
considerable socioeconomic burden in terms of lost time at work and early retirement. Current treatments include a wide range ofnonpharmacological, pharmacological, and surgical modalities. The prognosis for patients suffering from OA is still poor since there are no effective
pharmacological therapies available that alter the pathobiologic course of the disease (Felson 2000). Acute or chronic trauma to articular
cartilage, made up of chondrocytes and their secreted extracellular matrix, is a main cause of OA. Innthis work, we hypothesized that a
microfluidic chondrocyte culture would mimic native chondrocyte phenotype and, when stimulated with OA-associated cytokines (TNFa and
IL1b) would display osteoarthritic gene expression.
Primary chondrocytes were isolated with owner consent from the knees of 3 horses. Microfluidic devices were fabricated using plasma
activation of pre-drilled glass microscope slides bonded to PDMS microfluidics polymerized over 3D printed molds. Fibrin hydrogel (20%) was
seeded with CMFDA stained primary equine chondrocytes and loaded into microchips prior to crosslinking via thrombin/Calcium; medium was
exchanged every 48hr. Cells were incubated for up to 4 weeks under routine conditions with cellular morphology and viability monitored via
fluorescent microscopy. Microfluidic cultures were digested for off-chip qPCR and histology.
Cell viability and morphology remained excellent in the microfluidic cells throughout culture life as per fluorescent microscopy, compared to
monolayer cultured chondrocytes. Histology revealed formation of a superficial layer of chondrocyte migration and orientation distinct from the
deeper layer of cells. Gene expression via qPCR displayed significant increases in matrix metalloproteinases, interleukin 6, and aggrecanase
upon microfluidic cytokine stimulation.
Our results show that 3D chondrocyte culture has high potential for establishment of a novel disease model for testing future therapies.
Limitations in the current study include few biological replicates and difficulties in obtaining physiologically relevant cell densities. Lack of
biomechanical stimulation and lack of corresponding synovial fluid constitute additional limitations.
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In large skin wounds, chronic wounds or deep ulcers it is difficult to obtain the restitutio ad integrum and fibrosis and/or scar tissue develops.
The aim of this study was to verify the efficacy of conventional and innovative topic treatments on skin regeneration after a provoked lesion,
induced experimentally in sheep. To achieve this goal different types of investigations (clinical, molecular, histological and
immunohistochemical) were performed. Skin lesions were surgically created on the back of nine healthy adult sheep; every single wound was
destined, in a randomized way, to different conventional (Acemannan gel, Manuka honey, Connettivina) or innovative treatments such as
allogeneic mesenchymal stem cells (MSCs), platelet rich plasma (PRP), collagen matrix, plasma ionised gas and combination of them. Biopsies
were collected with a surgical punch at different times. Lesions were clinically evaluated considering the presence and colour of wound fluid,
the state of hydration, the wound surface/surroundings and other parameters. Histological examinations considered crust formation, reepithelization and epidermal thickness. Immunohistochemistry was performed for evaluation of the inflammation, vascularization, and cell
proliferation. Furthermore, Real time-PCR investigated transcripts of genes such as Collagen 1α1 (Col1α1) Collagen 3 and hair Keratin (hKER).
Clinically, the lesions treated with MSCs, PRP and gas ionized plasma healed more rapidly respect to the conventional treatments and placebo.
Reduced bacterial load and macerations were observed in wounds treated with gas ionized plasma compared with placebo and traditional
therapies. MSCs significantly up-regulated the expression of Col1α1 and hKER with the formation of new hair follicles while gas-ionized plasma
induced cell proliferation. New results on using combinations of innovative treatments are under revision. Generally, innovative therapies led to
surprising results in terms of quality and rapidity, during the regeneration of skin. Non-conventional therapies showed better results than the
conventional ones. The gas ionized plasma treatment plays a key role in the first phase of the wound healing decreasing dermal and
subcutaneous inflammation and stimulating neovascularization and cellular proliferation. On the other hand, the MSCs and PRP had a role in the
remodelling phase (Col1α1) and in the hair growth (hKER).
*Please see P412 for abstract "02-P557"
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