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	 03-P245	 Nanotherapeutic and Biomaterial Scaffold Design for Cancer Immunotherapy 

KYE IL JOO，Yeonsu Jung，Hyungjoon Cha
Department of Chemical Engineering, POSTECH, Pohang, Korea

NanoBioengineering holds enormous promise in the diagnosis and treatment of many human diseases with unmet medical needs, such as 
cancer. To this end, the overarching goal of my research is to develop novel nanotherapeutic platforms for use in targeted drug / gene delivery 
and is also to design functional biomaterials for various applications in cancer immunotherapy. The strategy involves developing versatile 
nanovectors that can effectively overcome multidrug resistance and elicit a potent antitumor immune response. It also includes engineering 
functional bio-inspired material to modulate immune regulation in the tumor microenvironment for cancer immunotherapy.  
 In addition, inefficient delivery of drug/gene to target cells in vivo environment always remains obstacles for the clinical translation of 
therapeutic vectors. To overcome such challenges, we proposed a novel strategy for in vivo modulation of target cells by using a biomaterial 
scaffold to create a physical microenvironment where target cells can be recruited and proliferated, demonstrating that this approach could 
remarkably enhance the delivery efficacy of drug/gene to target cells in vivo. In this presentation, many pivotal components of these 
therapeutic strategies will be discussed in more detail.
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	 03-P244	 Improved photodynamic therapy of melanoma with PPIX@CD: a carbon dot – protoporphyrin IX host-guest 
conjugate  

Jose R Aguilar-Cosme1，Helen E Bryant2，Frederik Claeyssens1

1Department of Materials Science and Engineering, Faculty of Engineering, University of Sheffield, Sheffield, United Kingdom，2Department of Oncology and Metabolism, The Medical School, 
University of Sheffield, Sheffield, United Kingdom

Photodynamic therapy (PDT) is an alternative treatment method for cancer which uses light in combination with excitable photosensitisers (PS). 
However, compounds such as protoporphyrin IX (PPIX) are limited in their effectiveness by factors such as low compound solubility, inefficient 
accumulation in target tissue, high dark toxicity, and photobleaching. Carbon dots (CDs) are nanoparticles with high biocompatibility, no 
photobleaching, and rapid cellular uptake, which makes them suitable platforms for conjugates in biomedical applications. 
 
 In this work, we compare the PDT effect and efficiency of three carbon dot-based conjugates: PPIX@CD, a newly synthesized conjugate with 
an encapsulated PPIX, PPIX-CD, a previously reported crosslinked conjugate, and its less soluble fraction (PPIX-CD)p.  PPIX@CD was 
synthesised through one-step microwave pyrolysis of citric acid, ethane-1,2-diamine and PPIX. FT-IR and UV-Vis spectra confirm PPIX 
embedding into the CD core. Total porphyrin content was estimated to be 30.59% in PPIX@CD, 43.03% in PPIX-CD and 52.98% in (PPIX-CD)p 
through the use of a calibration curve. TEM images show a significant difference in PPIX@CD aggregate morphology when compared to 
unmodified and crosslinked particles.
 
 Confocal microscopy was used to observe conjugate uptake and localisation. Conjugates demonstrated significantly reduced dark toxicity. 
Additionally, PPIX-CD and PPIX@CD showed increases of 48.34% and 157.15% of PDT efficiency in comparison to PPIX, despite reduced PS 
content. Cancer spheroids were also utilised to observe conjugate penetration and distribution within a 3D environment. These results indicate 
host-guest encapsulation is a viable alternative to crosslinking for the synthesis of new carbon dot-based conjugates in photodynamic therapy 
and imaging.
 
 Acknowledgements: Mexican Federal Government, Nuevo Leon State Government, and the National Council of Science and Technology 
CONACyT (grant CVU-610782)
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	 03-P247	 An NIR-absorbing Nanoparticle System Loaded with TLR-7/8 Ligand for Combinational Photothermal 
Immunotherapy

Wen-Yu Pan，Po-Ming Chen，Yu-Rong Wu，Chiranjeevi Korupalli，Ching-Yen Yeh，Yu-Zhen Yang，Po-Kai Luo，Chun-Ju Chou，Hsing-Wen Sung
Department of Chemical Engineering and Institute of Biomedical Engineering, National Tsing Hua University, Hsinchu, Taiwan (ROC)

Recent studies have highlighted the combination of conventional treatment modalities with immunotherapy, which have the potential to reduce 
cancer metastasis and improve survival. In this work, a nanoparticle (NP) system that is composed of polyaniline-conjugated glycol chitosan 
(PANI-GCS) was prepared to encapsulate an insoluble toll-like receptor (TLR) 7/8 ligand for combinational photothermal immunotherapy. The 
hydrophobic PANI was covalently grafted on the hydrophilic GCS via its highly reactive amine groups to form an amphiphilic polymer (PANI-
GCS), which could self-assemble into NPs in an aqueous milieu. The conjugated PANI can be utilized as nano-localized heat sources, remotely 
controlled by using near-infrared (NIR) light, for cancer cell ablation, while TLR7/8 ligand is applied to induce the maturation of dendritic cells 
(DC), which may subsequently enhance the activation of antigen-specific T cell responses. Our TEM images reveal that the size of the TLR7/8 
ligand-loaded PANI-GCS NPs was approximately 160 nm, which could be effectively internalized by bone-marrow derived dendritic cells 
(BMDC), resulting in the upregulation of cell surface costimulatory molecules and the secretion of proinflammatory cytokines. In the animal 
study, we found that intratumoral injection of the TLR7/8 ligand-loaded PANI-GCS NPs was able to generate localized hyperthermia (~ 45°C) 
upon exposure to NIR, and was able to potentiate the effect of TLR7/8 ligand, resulting in the suppression of the growth of CT26 tumor cells 
and a significant improvement in the survival of mice. Additionally, the mice that had previously rejected the first tumor induced tumor-specific 
CD8+ T cell responses that are capable of protecting mice from the same tumor rechallenge. These analytical results suggest that the TLR7/8 
ligand-loaded PANI-GCS NPs may serve as a platform for combination of hyperthermia with immune stimulation for more effective cancer 
treatment.
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	 03-P246	 Hybrid nanoparticles inhibited the growth of liver cancer stem cells

Yuji Komizu1， Koushuke Inamura1，Seiichi Ishida2，Yoko Matsumoto1，Taku Matsushita1
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Cancer stem cells (CSCs), also called tumor-initiating cells, are involved in tumor progression, metastasis, and drug resistance. Hybrid liposomes 
(HLs) are nano-sized liposomal particles and can be prepared by simply ultrasonicating a mixture of vesicular and micellar molecules in buffer 
solutions. HLs composed of L-α-dimyristoylphosphatidylcholine (DMPC) and polyoxyethylene(23) dodecyl ethers (C12(EO)23), without any anti-
cancer drugs, have remarkable inhibitory effects on the growth of various tumor cells, and stimulate apoptosis of tumor cells in vitro, in vivo, 
and in clinical settings1,2). HLs distinguished between the liver cancer cells and normal cells which had higher and lower membrane fluidities 
respectively, then fused and accumulated preferentially into the membranes of liver cancer cells 3). In this study, we investigated the inhibitory 
effects of HLs on the growth and CSC subpopulations of liver cancer cells (HepG2) in vitro. HLs markedly inhibited liver cancer cell growth. 
Notably, reduction of the CSC subpopulations of CD133+ /EpCAM+ liver cancer cells treated with HLs was obtained using flow cytometric 
analysis. Furthermore, HLs markedly decreased the number of colony-forming cells, as seen by the soft agar colony formation assay. Finally, we 
observed the fusion and accumulation of HLs including fluorescent labeled lipid (NBDPC) into the cell membranes of CSC using a flow 
cytometer. Significant increases in accumulation of HLs/NBDPC into the CSC (especially EpCAM+ cells) was observed in a dose dependent 
manner. These results suggest that HLs could be a novel nanomedical therapeutic agent for targeting CSCs in liver cancer therapy.   
References:1) Ichihara H, Nagami H, Kiyokawa T, Matsumoto Y, Ueoka R, Chemotherapy using hybrid liposomes along with induction of 
apoptosis. Anticancer Res. 28, 1187, 2008; 2)Ueoka R, Matsumoto Y, Goto K, Ichihara H, Komizu Y, Membrane targeted chemotherapy with 
hybrid liposomes for tumor cells leading to apoptosis. Curr. Pharm. Des. 17, 1709, 2011.; 3)Komizu Y, Ueoka H, Ueoka R, Selective 
accumulation and growth inhibition of hybrid liposomes to human hepatocellular carcinoma cells in relation to fluidity of plasma membranes. 
Biochem. Biophys. Res. Commun. 418, 81, 2012. 
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	 03-P249	 Patient Specific Microfluidic Model to Unveil Novel Molecular Interactions Between Stromal and Cancer Cells 
During Invasion
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Interactions between the tumor and stroma significantly influence cancer progression and metastasis. Tumor cells and fibroblasts make up a 
large part of these interactions, but their exact consequences on cancer progression are still being elucidated. To date, numerous in vitro and 
in vivo models have been utilized to recapitulate tumor-stroma interactions. However, conventional in vitro models still do not provide enough 
context to reflect the 3D human tumor microenvironment, while animal models are too complex to develop causal relationships between the 
microenvironmental cues (e.g., fibroblasts) and cancer invasion. Notably, microfluidic models have been developed to bridge this gap to better 
recapitulate the tumor-stroma niche while providing better control over the microenvironmental cues.  
 
 In this work, we developed a 3D in vitro microfluidic model that mimics the tumor microenvironment by conserving native cellular arrangement 
while integrating patient-derived stromal cells. Using our model, we performed single-cell imaging-based assays consisting of proliferation and 
invasion analyses which were coupled with RNA-seq to unveil novel targets during cancer cell invasion. Cancer-associated fibroblasts (CAFs) 
derived from patient tumor biopsies, when incorporated into the stromal region of the microfluidic device, promoted migration and 
proliferation of cancer cells. Importantly, analysis of gene expression using gene ontology demonstrated enrichment for adhesion and 
extracellular matrix organization processes. On the other hand, primary normal fibroblasts (NFs) were found to reduce cancer migration and 
proliferation while gene ontology showed enrichment for inflammatory response processes. Notably, based on the gene expression analyses of 
both CAFs and NFs within the proposed microfluidic platform, we were able to generate a list of differentially expressed genes (DEGs) 
exposing possible targets to inhibit cancer progression.
 
 Overall, these results demonstrated the ability of our model to recapitulate patient specific tumor microenvironment to investigate the 
consequences of tumor-stroma interactions at a cellular and molecular level on invasion. Our future work will involve validating the DEGs as 
well as performing functional studies through knockdown and overexpression of the novel DEGs to better understand their role on cancer 
invasion.
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	 03-P248	 Tumor organoids; basic cancer biology and personalized medicine applications

Shay Soker1,2，Mahesh Devarasetty2，Aleksander Skardal1,2
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Tumors consist of a heterogeneous cell population, resulting in large differences of responses to particular therapies. Precision, or personalized, 
medicine, in which mutations identified in a patient’s tumor, are employed to drive targeted therapies to address this problem. However, even 
after identification of key mutations, oncologists are often left with several drug options, with no guarantee that the therapy prescribed will be 
the best, or work at all in a particular patient. This problem is further exacerbating by the complex tumor microenvironment, consisting of a 
number of stimuli such as: stromal cells, signaling and paracrine factors, as well as extracellular matrix (ECM) components. Each of these factors 
push and pull cancer cells in different directions and the sum of the interactions defines a cancer cell’s final disposition. In terms of the 
mechanical interaction of the ECM and the cancer cell, a number of observations have been made, such as: stiffer environments produce more 
aggressive cancer cells and facilitate migration and invasion, and aligned matrices are associated with healthy tissues while unaligned matrices 
are associated with poor prognosis. Although there is a wealth of literature describing the interaction of both stiffness and alignment, there are 
few studies that determine the relative input of either stimuli. In this study, we produce tissue constructs with varying ECM alignments and 
stiffnesses to generate a toolbox of ECM compositions. Stiffness is assayed using rheometry to produce stress-strain relationships while 
alignment is derived from picrosirius red imaging and image segmentation. Using tumor cell spheroids, we then integrate a tumor compartment 
into the submucosal construct. We then use WNT activity and epithelial-to-mesenchymal transition (EMT) markers to assess the relative effects 
of stiffness and alignment on cancer cell progression. In all, we observe matrix alignment produces a dominating effect on cancer cell 
phenotype across the stiffnesses assayed. Higher stiffness is associated with increased WNT activity, but this activity is significantly decreased 
when spheroids are cultured in highly aligned matrices. Finally, we integrated patients’ derived tumor cell spheroids within the tissue constructs 
and measured their response to chemotherapy under conditions of different ECM mechanics.
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	 03-P251	 Novel Insights on Wilm’s Tumor: Using Human Nephron Progenitors

Astgik Petrosyan1,2,3，Stefano Da Sacco1,2,3，Roger E De Filippo1,2,3，Laura Perin1,2,3

1Children's Hospital Los Angeles，2GOFARR LAB，3Urology Dept.

"INTRODUCTION AND OBJECTIVES: Wilms tumor (WT), a pediatric cancer also known as nephroblastoma, accounts for 95% of renal 
malignancies in children. Currently little is known of WT formation, and less than half of these tumors are diagnosed at Stage 1 due to their 
asymptomatic nature. The presence of nephron progenitors (NP) characterized by the expression of CITED1 and/or SIX2 determine the 
aggressive state of the tumor. However, due to past inability to isolate live human WT CITED1 and/or SIX2 positive cells, little is known about 
their cell biology and involvement in tumor progression.  
 
 METHODS: To answer these questions, we used immunofluorescence to characterize WT samples and identified CITED1+, SIX2+ and 
CITED1SIX2+ cells within WT samples and compared our findings with NP isolated from human fetal renal samples. In addition, using our 
established Smartflare isolation methods, we obtained live CITED1SIX2 positive cells from WT samples, isolated RNA and performed RNA-Seq.  
 
 RESULTS: We confirm the expression of CITED1 and SIX2 positive cells within the WT samples, and for the first time we also established the 
existence of a side population expressing both CITED1 and SIX2, as observed in the true NP within the human fetal kidney at week gestation 
16. Further characterization of the WT also identified the absence of mature renal cell markers such as Nephrin and Aquaporin along with the 
absence of renal developmental markers such as Calbindin and LEF1. However, unlike NP from fetal kidney, some WT cells express NPHS2 and 
WT1 similarly to developing structure such as the renal vesicle, C- shaped bodies, S-shaped bodies, and glomeruli. Using Smartflare technology 
we have identified on average 6.7% SIX2+, 0.1% CITED1+, and 12.43% CITED1SIX2+ cells, while human fetal samples express .16% of 
CITED1SIX2+, 19.8% of SIX2+ and hardly any CITED1+ cells. Our RNA-Seq analysis identified different pathways expressed between NP 
isolated from fetal kidney and WT, specifically in relation to their cell cycle and cell cycle regulators.  
 
 CONCLUSIONS: This work suggests that we can identify and select for the first time CITED1SIX2 cell present within the WT. RNA-Seq data 
showed the presence of mechanisms essential for tumor formation. The discovery of this mechanism can help the development of new 
strategies aimed at halting tumor progression.
   
  
  
 "
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	 03-P250	 Bioprinting a tumour microenvironment on a chip
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Cancer is one of the major causes of morbidity and mortality. According to the American Cancer Society, over 1.7 million people were 
diagnosed with cancer in 2016, and approximately 0.6 million people lost their lives to it in the same year (1). It is further expected that the 
annual cancer incidences will rise from 14 million in 2012 to 22 million within the next 20 years (2), leading to significantly increased 
healthcare costs and the great need to better understand cancer to improve therapy. The cancer microenvironment is highly complex, and is 
highly dynamic with distinctive key features (e.g. cellular and ECM compositions, matrix stiffness, and degree of vascularization) present at each 
of the different stages of the disease (3, 4). In particular, the largescale growth of a tumour ultimately requires a blood supply (5). To fully grasp 
the complexity of the tumour microenvironment, as well as screening of various anticancer drugs, it has been increasingly realized that in vitro 
engineered human cancer models are strongly desired. In particular, three-dimensional (3D) cancer models are anticipated to precisely mimic 
the in vivo tumour microenvironment in human patients by recapitulating the proper tumour cell/matrix composition and other key parameters 
that match both the type and stage of the disease, and therefore provide accurate mechanistic studies as well as a tool for personalized anti-
cancer therapeutics studies. In this work present a tumour-on-a-chip device, which integrates a microfluidics biochip, tissue engineering and 
biomaterials. We demonstrated the bio printability of endothelial and tumour cells inside the microfluidics biochip. 
 
 Acknowledgements: Daniel Nieto thanks to Xunta de Galicia (I2C postdoctoral fellowship). 
 
 References:
 1. American-Cancer-Society. Cancer Facts and Figures 2016. American Cancer Society: 2016.
 2. Organization WH. World Cancer Report2014.
 3. Cao Y. Tumor angiogenesis and therapy. Biomedecine & Pharmacotherapy. 2005;59(Supplement 2):S340-S3.
 4. Fukumura D, Jain RK. Tumor microenvironment abnormalities: Causes, consequences, and strategies to normalize. J Cell Biochem. 
2007;101(4):937-49. doi: 10.1002/jcb.21187.
 5. Weis SM, Cheresh DA. Tumor angiogenesis: molecular pathways and therapeutic targets. Nat Med. 2011;17(11):1359-70.
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	 03-P253	 4D Tumoroid Cultivation for Sequential Assessment in Microenvironmental Context  

Junghwa Cha，Pilnam Kim
Department of Bio and Brain Engineering, KAIST, Daejeon, Korea

Tumors are regarded as dynamic abnormal organs and show stepwise changes during progression. As tumorigenic processes are closely 
interrelated, it is important to comprehensively assess the overall process of tumorigenesis to properly characterize tumor features. In 
particular, since tumors in vivo are exposed to heterogeneous gradient of nutrient and oxygen that spontaneously form hypoxic core within the 
tumor mass, it is important to properly understand the hypoxic features of tumors within a biologically relevant context. Here, we present a 
four-dimensional (4D) tumoroid cultivation methods to sequentially observe and assess the tumor features using biophysical parameters. By 
observing the time-varying processes of the tumoroid array, we found a positive correlation between parametric features of growth and 
invasion only in cases of tumoroids containing a hypoxic core, even for heterogeneous populations of tumoroids, showing higher expression of 
hypoxia inducible factor 1α (HIF1α). Within a bioengineered 3D microenvironment which consists of hyaluronic acid-based hydrogels and the 
stromal cells such as endothelial cells or immune cells, we visualize stromal interactions of hypoxia-induced tumoroids. In addition, we could 
confirm that the microenvironmental effects impact on enhancing invasive capacity and chemo-resistance in hypoxia-controlled tumoroids. 
Taken together, our platform enables prediction of tumoroid invasion by simply assessing the morphological features of the tumoroid. Our 
findings may be useful both for standardization of in vitro platforms for efficient cancer drug screening and for the discovery of novel drugs 
targeting tumor microenvironments.
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	 03-P252	 The regulatory mechanism of PAX3/p53  pathway in glioma stem cell renewal and differentiation  
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Research Center of Clinical Medicine, Affiliated Hospital of Nantong University, Nantong, China

In GBM, the brain glioma stem cells (BGSCs) were identified and played a crucial role in resistance of GBM to conventional therapies described 
above. PAX3 was identified as a diagnostic/prognostic marker and a therapeutic regulator in the therapy of GBM. Here, we hypothesized HIF-1
α mediated PAX3/p53 axis promoted the process of dedifferentiation under hypoxia, contributing to the cancer stem cell properties, such as 
proliferation and migration. Immunofluorescence of p53 was shown activated following BGSCs differentiation. We further identified that PAX3 
might specifically bind to the promoter of p53 gene, and transcriptionally repressed p53 expression. ChIP assay further confirmed that PAX3/
p53 axis regulated the differentiation process of BGSCs. Then, the function of PAX3 in BGSCs were sequentially investigated in vitro and in vivo. 
Ectopic PAX3 expression promoted BGSCs growth and migration while PAX3 knockdown suppresses BGSCs growth, migration in vitro and in 
vivo. Similar to PAX3 overexpression, p53 inhibition also showed increase in growth and migration of differentiated BGSCs. Regarding the 
functional interaction between PAX3 and p53, PAX3 knockdown mediated decrease in proliferation was partially rescued by p53 inhibition. 
Our work may provide a supplementary mechanism in regulation of the BGSCs differentiation and their functions, which should provide novel 
therapeutic targets for GBM in future.
 



692

a90680

	 03-P255	 Developing Tissue Engineered Model for Ameloblastoma 
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Ameloblastoma is usually a benign tumour and associated with excess growth in the jaw area. It is characterized by locally aggressive 
behaviour and associated with high rate of recurrences. Removal of tumour minimizes the risk of recurrence and failure to remove the tumour 
properly can cause deaths due to metastasis to different organs. Thereby, alternative therapies should be developed to overcome recurrence 
cases. Information on the molecular mechanisms of ameloblastoma development and ameloblastoma-associated bone resorption is limited 
and therapeutic agents are not commonly used in ameloblastoma.
 This project aims to develop a three-dimensional (3D) tumour model to understand the underlying mechanisms of ameloblastoma. AM-1 cells, 
which are mandibular-derived ameloblastoma cells, are used to develop a tissue engineered model. This model was designed as an 
environment, which accurately represents the human environment by incorporating bone mineral components to 3D model. An artificial cancer 
mass (ACM) composed on AM-1 cells was created and integrated into a collagen-only stroma to observe how AM-1 cells invades stroma.
 Bone mineral components were also incorporated to this 3D model. This was achieved via using NuOss Cancellous Granules, which are made 
up of decellularised bone. By integrating ACMs to different stromal environment, changes in the invasion pattern of AM-1 cells and invasion-
induced mineral breakdown are being observed. 
 By establishing an ameloblastoma 3D model, it can become possible to observe the cell-to-cell interactions that lead to ameloblastoma 
development as well as how the cells invade the bone tissue. Understanding these mechanisms is useful in developing and testing novel 
treatments. 
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Worldwide cancer remains the second-most common cause of death, despite the advances in prevention, early detection, treatment and 
Osteosarcoma (OS) is the most common type of bone cancer, especially in children and young adults1. 
In the last decades, has been demonstrated the central roles of cancer stem cells (CSCs) in tumour recurrence, metastases and chemo 
resistance via self-renewal and differentiation; moreover, the interaction with extracellular matrix (ECM) appeared to be fundamental for CSCs 
signalling pathways2. For that reasons, 3D cell culture models are gaining more and more significance for the study of cancer biology because 
these models are recapitulating the in vivo situation of cells much better than the standard monolayer cultures. In the present study, we 
proposed a more complex in vitro 3D model mimicking the in vivo tumour microenvironment, with particular focus on osteosarcoma stem cells 
niche; CSCs and cancer cells were cultured in tradition 2D system and  on a natural-inspired hydroxyapatite based scaffolds in order to obtain 
a 3D cancers stem cells model. CSCs were obtained staring from MG63 and SAOS2 cells line by sarcosphere formation assay3, and long term 
culture were assess in static and dynamic condition. 
The 3D CSCs model were characterised by assessing the proliferative and apoptotic state, the expression of osteosarcoma cancer cells related 
markers (Oct4, NANOG, SOX2, etc) and by evaluating the interaction of CSCs with biomaterial that guiding the plethora of signalling pathways 
involved in cancer developing. 
In contrast to traditional 2D culturing systems, 3D cultures create an environment that enables cells to contact and interact in all dimensions 
with the scaffold and other cells in culture.
The exiting results leads to the conclusion that 3D CSCs models resulting in a great advancement for preclinical in vitro study, including new 
drug screening in OS, with the ultimate goal to be applied in personalized medicine.

 1. Yan GN. et al. Cancer Letters. 268, 274, 2016
 2. Girdhari R, Weimin L. Biomaterials. 135, 156, 2016
 3. Tang QL. et al. Cancer Letters. 113,121, 2011
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Recently, three dimensionally (3D) cultured cells, such as cell-aggregates, spheroid, and organoids, are expanding the capability of in vitro cell-
based assays for drug developments. Compared to the two dimensionally culture cells, 3D cultured cells are known to show higher functions 
that can represent partial performance of organs. Therefore, there are growing attentions to establish new assay platforms using spheroids for 
more functional drug screening. Especially to understand the heterogenic and complex cellular response of cancer/tumor tissues, 3D cultured 
cells derived from cancer/tumor cell lines had been widely studied. By the development of multiple 3D culture protocols, there are growing 
reports that indicates effective assay performance. 
 However, in spite of the growing expectations of 3D cultured cell applications, the homogeneity/heterogeneity of produced multiple spheroids 
for assay have been still unclear. Especially, in the situation of primary cultured tissue-derived cells for their cancerous risk assessment, image-
based morphological technology can offer a great potential for the high throughput and quantitative profiling technology to assess their 
heterogenic responses. Here, we introduce label-free live morphology-based analysis to cluster and discriminate the sub-category populations 
in 3D cultured cells, and its effective application for analyzing such morphologically irregular clone with “Image-cell picker”, the automatic 
platform we have developed.
 
 Acknowledgement:
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The complex interactions between a developing tumor and the surrounding microenvironment substantially contribute to the phenotype and 
behavior of cancer cells and govern processes as progression and resistance to therapies. For decades our understanding of cancer biology 
has relied on monolayer cultures grown on inert supports where the environmental cues of in vivo tissues are lost. On these substrates cancer 
cells alter some of their essential features, partially justifying the discrepancies that persist between preclinical and clinical results. Engineered 
in vitro models have led to new insights into the pathogenesis, prognosis and treatment of human diseases, allowing to investigate cells in a 
physiological-like context. This is crucial in oncology, as the fate of tumors depends either on the intrinsic characteristics of cancer cells and on 
the environmental conditions where they reside and grow. Here, we develop a biomimetic scaffold-based model of breast cancer that recreate 
mechanisms and processes involved in the tumor evolution and chemotherapy resistance acquisition. We selected two subtypes of breast 
cancer cells characterized by opposite clinical outcomes and a different molecular pattern, and probed specific responses during culture, 
performing comparisons with standard monolayers, xenotransplanted cells and validation in patient samples. We show that cancer cells in 
biomimetic conditions display in vivo-like growth dynamics and create an hypoxic niche that induce the modulation of gene expression, the 
selection of aggressive cells and the acquisition of chemotherapy resistance. This model may provide a high- throughput technology for disease 
progression modeling, biomarker detection and drug screenings with enhanced clinical relevance.
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Breast cancer incidence has risen significantly in the past years becoming the most frequent cancer among women. Raman spectroscopy (RS) 
has been successfully used to identify chemical changes in the breast tissue that occur due to development and progression of BC [1]. Invasion 
of breast cancer cells from the in situ tumour involves changes of the extracellular matrix and surrounding tissues [2]. During this study, 10 
breast cancer samples and 10 normal breast samples arranged in Tissue microarrays (TMAs) have been analysed with Raman imaging. 
Cancerous and normal epithelia and its microenvironment have been analysed. For each area, imaging maps were collected and analysed with 
supervised and unsupervised algorithms. Biochemical characterisation and differentiation of cancerous and normal surrounding tissue was 
successfully achieved based on principal component analysis (PCA). The classification was achieved based on the differences in protein 
conformations, tryptophan configurations and increased glycogen content. RS allows the identification of changes in the breast tumour 
perimeter and the classification and progression of the disease.
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In the last 20 years, cancer models have been helpful in unravelling important molecular mechanisms involved in different subtypes and stages 
of cancers1. With the rapid expansion of tissue engineering technologies, tumour engineering itself has grown briskly, to provide more 
sophisticated microenvironments, enabling faster and more efficient drug regimen selection prior to clinical trials2. Yet, current models are still 
lacking reproducibility, in-depth characterization and patient specificity necessary to successful implementation as effective drug screening 
platforms. In our lab, we have been recreating metastatic prostate cancer in the bone compartment, with a tissue engineered 3D in vitro model 
using patient derived progenitors, grown for several months to achieve bone mineralization mimicry. At the metastatic stage of prostate cancer, 
anti-androgens therapies are widely used for treatment, despite 5-year survival rates being below 3%, and no reduction in the metastatic 
burden. By utilising our metastasis bone model, we have been able to quantify in depth the effects of standard therapies (Enzalutamide 
(Xtandi®), Bicalutamide (Casodex®)) in the bone metastatic context. We are showing that anti-androgen therapies have a detrimental effect on 
metastasized prostate cancer cells, by gene and proteins analysis and novel methodologies using real live imaging, morphometry, and 
migration in 4D. By deregulation of the bone markers under these treatments (COL1, ALP, SOST, PTH1R) we are able to show that these 
therapies favour bone overproduction and cancer cell proliferation and migration, the results of an adaptive response induced by anti-
androgen therapies. The model and innovative quantitative methodologies presented here are a powerful platform to study cancer cell 
behaviour in a relevant therapeutic context, ultimately maximising translation to patients.
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Glioblastoma (GBM) is the most lethal, yet common, cancer originating in the brain. The tumor microenvironment sustains the highly migratory 
and treatment resistant properties of a sub-population of stem-like cells in GBM (GSCs), which are thought to be largely responsible for tumor 
recurrence. Interactions between hyaluronic acid (HA) – a major component of the brain extracellular matrix (ECM) further overexpressed in 
GBM – and its receptors – including CD44, which is upregulated by GSCs – are reported to facilitate characteristic treatment resistance and 
aggressive infiltration adjacent to the brain microvasculature. However, the majority of pre-clinical studies do not account for the tumor 
microenvironment, compromising their clinical relevance. Thus, we have developed HA-based culture platforms that provide a controlled 
experimental context in which to characterize how the GSC microenvironment facilitates GBM tumor aggression.
 
 Multiple patient-derived GSC lines were cultured in HA-based hydrogels with varied compressive moduli, HA content, and ECM peptides. 
While GSCs were sensitive to erlotinib – an epithelial growth factor receptor (EGFR) inhibitor – when cultured as gliomaspheres, those in 
hydrogels mimicking normal brain acquired cytotoxic and cytostatic resistance, which was dependent on HA-CD44 interactions. GSCs cultured 
in soft, HA-rich hydrogels increased CD44 expression and EGFR phosphorylation, indicating that HA-bound CD44 and EGFR interacted to 
facilitate resistance. In addition, luciferase-encoding reporters for transcription factor activity showed that erlotinib treatment reduced activity of 
apoptotic factors and increased activity of oncogenic factors. Integrin binding peptides, such as RGD, provided further protection against 
cytostatic and cytotoxic effects of erlotinib. Migratory activity of GSCs was further enhanced when cultured in hydrogels with peptides derived 
from integrin-binding sialoprotein, which we have identified to be uniquely upregulated by tumor vasculature. 
 
 In sum, we report biomaterial cultures of patient-derived GSCs in which clinical phenotypes – including 1) kinetics of acquired resistance to 
inhibition of EGFR and 2) vasculature-associated infiltration – are preserved. Ultimately, we aim to identify specific GSC-ECM interactions whose 
targeted disruption represents a viable clinical strategy to prevent and/or delay both therapeutic resistance and vessel-mediated tumor 
infiltration. 
 

a93460

	 03-P260	 High-throughput Screening of Brain Cancer-ECM Interactions in 3D using Gradient Hydrogels   

Danqing Zhu1，Pavin Trinh2，Fan Yang1,3

1Department of Bioengineering, Stanford University, Stanford, USA，2Department of Biology, Stanford University, Stanford, USA，3Department of Orthopaedic Surgery, Stanford University, 
Stanford, USA

Brain cancer is a devastating disease given its extreme invasiveness and delicate location, yet effective therapies remain elusive. Glioblastoma 
multiforme (GBM) is one of the most fatal forms of brain cancer. One key hallmark of brain tumors is the significantly increased tissue stiffness 
as the cancer progresses, however, how varying matrix cues modulate GBM progression in 3D remains largely unknown.  The objectives of this 
study is to develop a facile method that allows fabrication of 3D gradient hydrogels with brain-mimicking biochemical cues and tunable 
stiffness as in vitro brain tumor models, and apply such biomaterials platform for evaluating GBM-niche interactions in a high-throughput 
manner. Gradient hydrogels were fabricated using our recently published method. The resulting gradient hydrogels exhibit brain-mimikcing 
stiffness ranging from ~40 Pa to 1000 Pa. While all zones support high GBM viability and proliferation, increasing hydrogel stiffness led 
significant decreases in GBM spreading in 3D, as shown by actin staining. This is coupled by stiffness-dependent upregulation of genes 
responsible for the ECM degradation, which is essential for cancer metastasis. When encapsulated in gradient hydrogels, GBM 270 exhibited 
differential resistance to Temozolomide (TMZ), a drug clinically used for treating GBM, highlighting the important role of matrix cues on drug 
responses of GBM. Together, our results validate such 3D gradient hydrogels as a biomimetic cancer cell niche, which enables high-throughput 
screening studies to accelerate the discovery of the role of niche cues in cancer progression using reduced materials, cells and time. 
 
 Acknowledgments: D.Q. Zhu would like to thank Stanford Graduate Fellowship for funding. The authors would like to thank National Science 
Foundation CAREER award and Stanford Chem-H Institute Seed grant for funding. The authors declare no competing financial interest.
 



696

a90515

	 03-P263	 Establishment of patient-specific cancer cell lines from colon cancer tissues by membrane Filtration Method via 
Nylon mesh filter and PLGA-silk screen membranes

Huang Wei-Lun，Akon Higuchi
Department of Chemical and Materials Engineering,University of National Central, Taoyuan, Taiwan

Cancer stem cells (CSCs) typically comprise 1%–5% of the total tumor cell population. This cell population is considered to be primarily 
responsible for tumor initiation, growth, and metastasis. However, it is hard to distinguish cancer cells from other cells (i.e. fibroblasts, red 
blood cells…etc.) in primary tissue after enzyme digestion process. Therefore, we develop membrane filtration and migration method to target 
and purify rare primary CSCs based on their high migration mobility characteristics compared with other tissue cells. We expect to establish 
the primary colon cancer cell line from primary tumor tissue by the membrane filtration and migration method for the development of patient 
specific therapy in clinical application.
   We designed membrane filtration method to purify and further establish primary colon cancer cell line from human colon cancer tissue. The 
colon cancer tissue was digested by collagenase type IV at first. After digestion of the tissue, the primary colon cancer cell solution was 
permeated through the membranes with different pore size and different degree of biocompatibility. We used Nylon mesh filter1 with pore size 
of 11μm and 20μm and PLGA-silk screen membrane with different PLGA concentration 3%, 5%, 10% as the membranes in this study. With 
increasing PLGA concentration, the pore size of the membranes decreased. These membranes were used to capture primary colon cancer 
cells, and the cells on the membranes were expected to migrate into the culture dishes during the cultivation of the membranes in the culture 
medium (i.e., membrane migration method) after the filtration of colon cancer tissue solution through the membranes. Afterwards, we analyzed 
the expression of cancer stem cell markers, CD133 and CD44 by flow cytometry. Furthermore, the tumorigenesis potential of primary cells and 
the cells purified by the membrane filtration and migration method was evaluated by soft agarose colony forming assay. We expect to 
establish patient-specific colon cancer cell line by the membrane filtration and/or migration method for benefit of the cancer therapy in the 
future.
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Background: Hepatocellular carcinoma (HCC) is the second cause of cancer deaths motivating the investigation of new therapeutic targets to 
provide alternative treatments. A new 3D model was developed by using decellularized human liver 3D scaffolds which maintains the original 
tissue-specific 3D architecture, biochemical-and mechanical properties. Cirrhotic ECM specifically induced an EMT-related gene signature in 
HepG2. 
 Aims: This study investigates further the effect of cirrhotic and healthy ECM on TGFβ1-induced SMAD2/3 signalling in EMT-related HCC cell 
behaviour and on the assessment of drug sensitivity.
  
 Method: Human liver 3D scaffolds were obtained by decellularization of healthy and cirrhotic human livers and were repopulated with HepG2 
cells for 7 days followed by TGFβ1 (5-10ng/ml) treatment. Changes in TGFβ1 response were investigated by pre-treatment/treatment with 
TGFβ-R1 kinase inhibitor Galunisertib (10µM) for 48hrs. Protein expression was assessed for the canonical TGFβ1 signalling pathway proteins 
P-SMAD2/3, SMAD2/3 and non-canonical signals of Erk, Akt and JNK in HepG2 cells cultured in cirrhotic and healthy scaffolds. Exogenous TGF
β1 uptake and release was analysed by ELISA.
  
 Results: P-SMAD3 had a low expression in HepG2 cells cultured on healthy scaffolds while being highly expressed on cirrhotic scaffolds. In 
contrast, P-SMAD2 had a low expression in HepG2 cells cultured on cirrhotic scaffolds, while increased in HepG2 cells cultured on healthy 
scaffolds. SMAD2/3 proteins were expressed in HepG2 cells cultured on both cirrhotic and healthy scaffolds. Each protein was differently 
affected by exogenous TGFβ1 treatment. Pre/simultaneous treatment of TGFβ1 with Galunisertib affected protein expression depending on 
the ECM-scaffold used. TGFβ1-Galunisertib treatment reduced albumin protein expression in HepG2 cultured on cirrhotic scaffolds. Erk protein 
expression was similar on both types of scaffolds, while Akt showed a higher expression on healthy scaffolds. Uptake/release of TGFβ1 
showed marked differences between healthy and cirrhotic scaffolds with an increased uptake and release in time by cirrhotic 3D scaffolds. 
  
 Conclusion: This study suggests that the ECM composition of the 3D liver scaffold itself can affect gene/protein expression which can be 
further modified by TGFβ1 treatment. This study suggests that TGFβ1 and its downstream signaling pathway(s) represent potential targets for 
the treatment of HCC. 
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The use of cell-derived matrices (CDMs) is a promising alternative to decellularized tissues/organs because these are bioactive and 
biocompatible materials consisting of a complex assembly of proteins, matrix macromolecules and growth factors. The ability to create 
different CDM based on the cell source and culture methods, offers the possibility to tailor-made bioactive materials for desired applications as 
the creation of a 3D printable bioink, for tissue engineering applications. Cell cultured microparticles that favor its adhesion, proliferation and 
CDM production enhanced by the Macromolecular Crowding (MMCs) effect will be used for the creation of colon tumor CDM1.
 
 Poly-lactic acid (PLA) microcarriers are made by jetting this polymer through a coaxial needle2 and coating them with Fibronectin to enhance 
cell adhesion.
 
 hAMSCs, colon tumor cells and CAFs3 cells are seeded in co-culture at microparticles’ surface in spinner flasks with intermittent agitation to 
enhance nutrient transfer and avoid dead areas. Then, cell-seeded particles are cultured for 21 days with MMCs and with permanent agitation. 
Results are analyzed in terms of Total DNA, Total protein production, surface properties by SEM, mechanical properties by AFM and protein 
expression by immunostaining and confocal microscope imaging and qRT-PCR.
 
 MMCs cultured tissues present significantly higher amounts of total protein in comparison to the same tissues cultured in absence of this 
substance. Fibrillary proteins (such as Collagen types I and III) present in colon tumor extracellular matrix (ECM) are highly expressed after 21 
days of culture. Therefore, tissues density and size is greater, more protein is observed when topography is studied at the SEM and tissue 
stiffness is increased.
 
 Furthermore, CDM can be used to understand various mechanisms promoting cancer progression by decellularizing bioengineered tissues and 
by the recellularization of them, as a tumoral model to develop drug screening assays or identifying therapeutic targets.
 
 Authors would like to thank MINECO (MAT2015-68906-R) for funding.
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Multiple myeloma is an incurable malignancy of the plasma cells that develops in the bone marrow (BM). To assess the therapeutic potential of 
experimental anticancer drugs against myeloma in vitro, 2D cell line cultures are commonly used. These 2D cultures do not mimic the 
dependency of primary myeloma cells on the surrounding BM, nor the BM itself. The BM supports myeloma progression and resistance to 
therapy, essential characteristics that need to be taken into account when assessing the therapeutic potential of experimental anticancer 
drugs. Also the effects of experimental drugs on the surrounding BM should be assessed. This can be done using a 3D BM model for the culture 
of myeloma cells.
             A previous developed 3D BM-myeloma model was used to assess the delivery, migration and overall effect of both an established 
chemotherapy and a novel therapy for multiple myeloma: liposomal drug delivery. Targeted drug delivery using liposomes has the advantage of 
intensified drug activity, while decreasing off-target effects. The feasibility to test such a nanomedicine delivery system in a 3D tissue model, 
and thereby establish its role as a predictive tool, was subject of this study. 
             Liposomes of different sizes (on average 70 nm, 100 nm and 200 nm) were tested in a 3D BM-myeloma model. This model is based on 
mesenchymal stromal cells, endothelial progenitor cells and myeloma cells co-cultured in hydrogel. Only the 70 nm and 100 nm liposomes 
were capable of passively diffusing through the 3D model after injection, but not after addition to the medium. Cellular uptake of the 
liposomes was observed throughout the model, displaying a concentration gradient after injection. When comparing free drug therapy to 
liposomal drug therapy (doxorubicin), similar killing effects towards myeloma cells were observed. However, the free drug therapy induced 
significantly more BM cell death compared to the liposomal drug therapy. 
 In conclusion, the previously developed 3D BM model allows the study of nanomedicine delivery system on (primary) myeloma cells. The 
model could be used to identify the optimal delivery method in vitro, showing cellular targeting throughout the model and general effectiveness 
of the added therapy by analysis of both on- and off-target effects.
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Pancreatic adenocarcinoma (PA) is a common cancer with annual mortality rate similar to the incidence rate. PA prognosis is very poor, and 
there is an urgent need to design and test interventions in a more effective manner. PAs are stroma-rich cancers in which the dense extra-
cellular matrix (ECM) is ascribed to reduce drug perfusion, hence drugs are poorly delivered to cancer cells and lack of efficacy.
 Currently chemotherapies are tested with simple 2D in vitro models, which fails in recreating the pancreatic tumour microenvironment (TME) 
hence predicted drug efficacy is far from the real values. The dense TME in facts forms a physical barrier that blocks the penetration of drugs 
and reduces their efficacy. Novel strategies are now trialled, combining standard chemotherapies with actives targeting the stroma with the 
ultimate intention to facilitate drug delivery to cancer cells and block tumour growth. 
 In this study we modelled hydrogel composition to mimic different stages of PA, from the early stages (T1, less than 5% of tumour tissue) to 
later and metastatic stages (T3, tumour tissue start to growth and invade neighbours tissues). Hydrogels with defined composition (alginate, 
gelatin, hyaluronic acid) and stiffness values matching different stages of PA development (T1-T3, from 2 kPa to 20 kPa respectively) are used 
as substrate for cell culture. Pancreatic cancer cell lines are characterised in biomarkers expression e.g. CD44, metastatic potential and drug 
resistance.
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We developed a customized growth model system for in-vitro chemosensitivity and cancer drug screening. Extracellular matrix biomaterial 
analogs made from PEG-fibrinogen hydrogels were used to encapsulate tumor biopsies, in order to enhance the outgrowthof cancer cells over 
mesenchymal cells into the 3D hydrogel. After establishing the optimal hydrogel composition for the best cancer cell outgrowth using
 artificial tumors, preliminary experiments were performed with human biopsie. In the first experiments, biopsy samples were encapsulated 
using the same conditions proven successful for the artificial tumors, but in most samples, no cell outgrowth was visualized.To induce cell 
outgrowth from the human biopsies, we alterated the matrix stiffness and fibrinogen concentration, as well as added fibronectin, Laminin-511, 
or fibroblast cells into the hydrogel matrix. 
  Whereas most of the condition alone failed to promote cancer cell invasion, highr matrix stiffness together with a lower fibrinogen 
concentration did lead to improved cancel cell invasion.
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Targeted Therapy   
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Cancer stem cells (CSCs) demonstrate the characteristics of normal stem cells, which own the ability to self-renewal and differentiate. Cancer 
stem cells are considered to be responsible for tumor generation, relapse, and metastasis. The purification and identification of cancer stem 
cells help to construct a specific targeted therapy, and improve the quality of life of patients in clinical application.
 In this study, we investigate the optimal cell culture materials for capturing CSCs. To investigate the interaction between low malignant colon 
cancer cell (LoVo cells) and extracellular matrix, we culture LoVo cells under various types of 2D and 3D microenvironments. For 2D culture 
materials, different types of extracellular matrix (Matrigel, recombinant vitronectin, synthemax type II, Cellstart, collagen type I, fibronectin, and 
mouse embryonic fibroblasts)-immobilized dishes, poly(NIPAAM-co-BA)-coated dishes, and polystyrene dishes have been used. On the other 
hand, for 3D culture materials, ultra low attachment plates have been applied for spheroid culture. The suppression and enrichment of LoVo 
cells on these materials can be observed and evaluated under microscopy. LoVo cell showed different phenotypes while culturing on different 
extracellular matrix environments. After three passages, we examined the expression of cancer stem cell marker, CD133 and CD44, by flow 
cytometry. Furthermore, tumorigenesis potential of LoVo cells on different culture materials were evaluated by using soft agarose colony 
forming assay.
   We identify the optimal extracellular matrix for isolating CSCs from low malignant cancer cells and develop a specific targeted therapy for 
patients in the future.
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Tumor resection requires a suitable biomaterial that will not promote infection or re-occurrence of disease, and ideally reconstruct the tissue; 
but limited options exist. In 2011, our group treated 5 esophageal adenocarcinoma (EAC) patients (T1A) with a heterologous, xenogeneic 
extracellular matrix (ECM) bioscaffold after aggressive mucosal resection. The patients functionally preserved their esophagus, did not stricture, 
and most importantly, did not show reoccurrence of cancer to date. Since then, 9 more patients have been treated with similar results, and are 
1-8 years disease-free. The described study is in a Phase I Clinical Trial, but before widespread clinical translation, an understanding of the 
molecular mechanisms is needed. The objective of the present study was to evaluate the effect of ECM bioscaffold degradation products 
(formed by pepsin-solubilization of the bioscaffolds) from non-malignant, decellularized tissue on normal (Het-1A), cancer pre-cursor (CP-A), and 
neoplastic (SK-GT-4, OE33) esophageal epithelial cells. ECM from heterologous urinary bladder matrix (UBM) and esophageal mucosa (eECM) 
were evaluated as candidate therapies. The two ECM tissue sources showed similar but distinctive effects on cell morphology, cell function 
(metabolism, proliferation, apoptosis), and EAC signaling pathways (gene, protein expression) compared to pepsin control. Both ECM tissue 
sources decreased OE33 cell proliferation and EAC signaling pathway PI3K-AKT gene expression at 24h, and decreased OE33 phosphorylated 
AKT as early as 6h for eECM and at 24h for UBM. The two tissue types also showed distinctive effects to downregulate neoplastic phenotype: 
UBM decreased OE33 and SK-GT-4 cell metabolism and increased CP-A cell apoptosis; while eECM decreased SK-GT-4, CP-A, and Het-1A cell 
proliferation; and showed robust downregulation of OE33 cell cycle/DNA replication signaling. The present study supports the continued 
investigation of ECM bioscaffolds to treat EAC patients in the Phase I clinical trial. 
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Sargassum thunbergii, brown algae, has several compounds with biological activities. It is known that S. thunbergii methanol extract and 
phlorotannin inhibited matrix metalloproteinase (MMP)s. However, there is no study whether indole derivatives isolated from S. thunbergii was 
inhibited the cell migration related to the antitumor activity. Therefore, the aim of the present study was to investigate the cell migration 
inhibitory effect of indole derivatives from S. thunbergii through down-regulation of the phorbol 12-myristate 13-acetate (PMA)-induced MMP-9 
in HT1080 fibrosarcoma cell and the associated mechanism of action. Among indole derivatives, indole-6-carboaldehyde (ICA) significantly 
inhibited cell migration and suppressed MMP-9 expression on PMA-stimulated HT1080 fibrosarcoma cell. The ICA suppressed the 
phosphorylation of c-Jun N-terminal kinase (JNK) and extracellular signal-regulated kinase (ERK). In addition, ICA suppressed the 
phosphorylation of inhibitor of κ Bα (I κ Bα) and nuclear translocation of p65 in PMA-stimulated HT1080 fibrosarcoma cell. Based on the 
results, ICA inhibits cell migration via down-regulation of MMP in PMA-sitmulated HT1080 fibrosarcoma cells through suppressing the 
phosphorylation of JNK and ERK and the translocation of nuclear factor-κB (NF-κB).
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Introduction: Breast cancer is the most common cancer worldwide with nearly 1.7 million new cases diagnosed each year. The gold standard 
autologous breast reconstruction following mastectomy often involves ‘lipofilling’ or fat transfer which, although cosmetically successful, 
contains significant numbers progenitor cells with the potential for malignant transformation. Both in vitro and in vivo studies have suggested 
that Adipose Derived Stem Cells (ADSCs) confer a malignant advantage to cancer cells via the release of cytokines into the surrounding area 
and through direct cell-to-cell interaction, affecting phenotype, morphology and growth rates. This has caused surgeons to be cautious when 
using this technique for reconstruction, however no such advantage has been observed in the clinic.
 
 Hypothesis: ADSCs isolated from breast cancer patients exhibit different cytokine excretion profiles from those harvested from healthy 
patients, and therefore are less likely to support cancer growth and progression.
 
 Methods: ADSCs harvested from healthy and cancer patients were fully characterised. Media conditioned by the ADSCs was incubated with 
the breast cancer cell line, MCF7, and alterations in proliferation (iCELLigence), migration (scratch assay with cell culture inserts), invasion 
(collagen membranes) and bioenergetics (seahorse) were examined.
 
 Results: We have shown that conditioned media from healthy ADSCs had a greater impact on the proliferation, migration and invasion of 
MCF7 cancer cells when compared to those extracted from patients who have been diagnosed with cancer. 
 
 Conclusion: Previous scientific studies have examined only healthy ADSC populations, therefore the unique focus of this work aimed to better 
replicate the current patient model and has determined that the presence of cancer has a significant impact on the pro-cancer cytokine 
production of this progenitor population. This indicates that ADSCs utilised for reconstruction in breast cancer patients do not confer the 
malignant advantage to the cancer cells observed in previous studies.
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Pericytes wrap around endothelial cells in small blood vessels and are indispensable for proper vessel function. A couple of years ago pericytes 
have been identified to be mesenchymal stem cells. Mesenchymal stem cells, and especially their specialized subpopulation of pericytes, 
represent promising candidates for therapeutic angiogenesis applications, and have already been widely applied in pre-clinical and clinical 
trials. However, cell-based therapies of ischemic diseases have not resulted in significant long-term improvement. Interestingly, just recently 
pericytes from a hematopoietic origin were observed in embryonic skin. Additionally, a pericyte sub-population expressing leukocyte and 
monocyte markers was described during adult angiogenesis in vivo. Since mesenchymal stem cells do not express hematopoietic markers by 
definition, the latter cell type might represent an alternative hematopoietic pericyte population relevant to angiogenesis. 
 We therefore sourced blood-derived angiogenic cells (BDACs) from monocytes that closely resembled hematopoietic pericytes in vitro, which 
had only been observed in vivo thus far. BDACs displayed many pericytic features such as pericyte markers PDGFRb and NG2, while expressing 
leukocyte markers CD45 and monocyte markers CD11b. At the same time, they lacked properties inherent to monocytes and macrophages 
such as the ability to phagocytose or the ability to be polarized. They also enhanced angiogenesis in vitro and in vivo and enhanced 
revascularization and functional tissue regeneration in a pre-clinical model of critical limb ischemia. Comparison between BDACs and 
mesenchymal pericytes in functional in vitro assays revealed that in direct co-culture BDACs enhanced, while mesenchymal pericytes impaired 
endothelial sprouting. In contrast only mesenchymal pericytes consistently stabilized endothelial tubular networks. 
 We therefore concluded that BDACs (while resembling hematopoietic pericytes) enhanced early stages of angiogenesis, while mesenchymal 
pericytes were responsible for blood vessel maturation and homeostasis. Since the formation of new blood vessels is crucial during therapeutic 
angiogenesis or during integration of implants into the host tissue, hematopoietic pericytes (and therefore BDACs) might offer an advantageous 
addition or even an alternative for cell-based therapies. 
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In this study, a heptameric peptide obtained from marine microalga, Pavlova lutheri and its inhibitory effect and the associated mechanism of 
action on matrix metalloproteinase-9 (MMP-9) was evaluated in human fibrosarcoma cell line (HT 1080). Consecutive purification, a potent 
MMP-9 inhibitory peptide is composed of seven amino acids, Leu-Leu-Ala-Pro-Pro-Glu-Arg (796.4 Da). The mRNA expression levels of both 
MMP-9 was inhibited by the purified peptide. In addition, we also noted that the peptide inhibited PMA-induced translocation of nuclear factor-
κB (NF-κB) by suppressing IκBα phosphorylation and it suppressed the phosphorylation of c-Jun N-terminal kinase (JNK) and p38 mitogen-
activated protein kinase (MAPK). Therefore, these results suggested that the purified peptide obtained from Pavlova lutheri has a potential as 
valuable natural preventive agents for MMP-related diseases.
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Engineered three-dimensional (3D) constructs have received much attention as in vitro tools for the study of cell-cell and cell-matrix 
interactions, and have been explored for potential use as experimental models or therapeutic human tissue substitutes. Yet, due to diffusion 
limitations, lack of a stable and perfusable blood vessel networks, jeopardizes cell viability once the tissue dimensions extend beyond several 
hundred microns. Direct perfusion of 3D scaffold cultures has been shown to enhance oxygen and nutrient availability. Additionally, flow-
induced shear stress at physiologically relevant levels, positively impacted endothelial cell migration and alignment in various two-dimensional 
(2D) culture models and promoted angiogenic sprouting in microfluidic systems. However, little is known about the effect of flow on 
vascularization in implantable 3D engineered tissue models. The present study investigated the effect of direct flow-induced shear stress on 
vascularization in implantable 3D tissue. The differential effect of various levels of shear stress, applied while maintaining constant culture 
conditions, on vascular parameters was measured. Samples grown under direct flow conditions showed significant increases (>100%) in vessel 
network morphogenesis parameters and increases in vessel and extracellular matrix (ECM) protein depth distribution, as compared to those 
grown under static conditions. Enhanced vascular network morphogenesis parameters and higher colocalization of alpha-smooth muscle actin 
(α-SMA) with endothelial vessel networks characterized the specific contribution of direct flow to vessel network complexity and maturation. 
These observations suggest that flow conditions promote 3D neovascularization, and may be advantageous in attempts to create large-volume, 
clinically relevant tissue substitutes.

a93385

	 03-P274	 Targeted delivery of nitric oxide via “Bump-and-hole” based enzyme/progdrug pair  

Qiang Zhao，Dashuai Zhu，Yiwa Pan
College of Life Sciences, Nankai University, Tianjin, China

Nitric oxide (NO) is a versatile endogenous messenger whose spatio-temporal generation is under precise control. Despite its therapeutic 
potential for a wide range of diseases, NO-based therapies are rarely limited clinically due to lack of effective strategies that enable the precise 
delivery of NO to specific site. In the present study, we developed a novel NO delivery system via modification of enzyme/prodrug pair of 
galactosidase/galactosyl-NONOate using a “bump-and-hole” strategy. Precise delivery to targeted tissues has been clearly demonstrated by in 
vivo near infrared imaging assay. The therapeutic potential was evaluated in rat hindlimb ischemia and mouse acute kidney injury models, 
respectively. Targeted delivery of NO evidently enhanced therapeutic efficacy that helps to tissue repair and function recovery, and abolished 
side effects due to the systemic release of NO. The protocol developed in this study holds broad applicability in the targeted delivery of 
important gaseous signaling molecules (H2S, SO2, CO), and offers a potent tool for the investigation of relevant molecular mechanism.
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	 03-P277	 Re-vascularising an ischemia limb- Can hAEC exosomes augment angiogenesis 

Jean Tan1,2，Sin Nee Lau2，Hannah McDonald2，Ramasamy Boominathan3，Peter Cheng3，Julian Goggi3，Kishore Bhakoo3，Rebecca Lim2

1Australian Regenerative Medicine, Monash University, Clayton, Melbourne Australia，2The Ritchie Centre, Hudson Institute of Medical Research, Clayton, Melbourne Australia，3Singapore 
Bioimaging Consortium, Agency for Science, Technology and Research Singapore

Background: Cardiovascular disease (CVD) remains the leading global health problem affecting individuals from every socioeconomic scale. 
Progressive tissue hypo-perfusion results in ischemic ulceration leading to chronic critical limb ischemia (CLI). Ischemic hypoxia causes oxidative 
stress initiating inflammation and necrosis of the extremities, leaving amputation as the only option. Human amnion epithelial cells (hAECs) 
have been shown to secrete pro-resolution and angiogenic factors to subdue inflammation and accelerate vascularisation suitable for 
preservation of ischemic limbs. 
 Methods: SCID mice underwent surgical ligation of femoral artery to induce hind limb ischemia and were treated with 10ug of hAEC Exo 
intramuscularly. Neovascularisation was assessed using 99mTc-RGD SPECT imaging, and macrovascular volume was assessed by quantitative 
time of flight MRI. Histological assessment of capillary formation and muscle loss was measure with CD31 and H&E staining. 
 Results: hAEC Exo at 10ug increased 99mTc-RGD retention in the ischemic hind limb by day 7 post-surgery, with signifcant retention at day 14. 
Histological analysis showed significant muscle recovery at day 14 with increased in capillary density (CD31+) at day 14. 
 Conclusion: Human amnion epithelial cell exosomes possess angiogenic properties suitable for revascularisation of hind limb ischemia.
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	 03-P276	 Electrospun patch functionalized with nanoparticles allows for spatiotemporal release of VEGF and PDGF-BB 
promoting in vivo neovascularization

Ennio Tasciotti1,2，Christopher Tsao1，Laura Pandolfi1，Silvia Minardi1，Xin Wang1，Gianluca Storci1，Francesca Taraballi1,2

1Center for Biomimetic Medicine, Houston Methodist Research Institute，2Department of Orthopedics & Sports Medicine, Houston Methodist Hospital

The use of nanomaterials as carriers for the delivery of growth factors has been applied to a multitude of applications in the field of tissue 
engineering. Growth factors delivered with tailored spatiotemporal characteristics are leveraged to induce cellular signaling which can have 
downstream remodeling effects. However issues of toxicity, stability and systemic effects of these platforms have yet to be fully understood, 
especially for cardiovascular applications. In this study we proposed a delivery system composed by poly(DL-lactide-co-glycolide) acid (PLGA) 
and porous silica nanoparticles (pSi) to deliver vascular endothelial growth factor (VEGF) and platelet-derived growth factor (PDGF). 
  
 The tight spatiotemporal release of these two proteins has been prove to promote neovascularization and could be easily applied to ischemic 
tissue.  In order to avoid tissue toxicity, augmenting the localized release, and stability of the platform we conjugated them to and electrospun 
(ES) gelatin patch patches. When compared to freely disperse particles, ES gelatin patches were shown in vitro cultured with neonatal cardiac 
cells to have significantly less internalization of PLGA-pSi particles compared to free PLGA-pSi or pSi groups. Internalization was positively 
correlated to late stage apoptosis resulting in PLGA-pSi and pSi groups with over 15% of cells apoptotic compared to approximately 4%in the 
ES gelatin group after 3 days in culture. 
  
 Release of growth factors from the ES gelatin patch was shown to be sustained and with the sequential release of VEGF and PDGF over time 
based on different PLGA encapsulation formulations. When implanted subcutaneously, ES gelatin patches were shown to have greater 
neovascularization than controls evidenced by increased impression of α–SMA and CD31 after 21 days. qRT-PCR results support increased 
angiogenesis by upregulation of VEGFA, VEGFR2, Vwf and COL3A1 exhibited a synergistic effect with the release of VEGF and PDGF after 21 
days in vivo. The results of this study proved that PLGA-pSi particles crosslinked to ES gelatin reduced cellular toxicity and could be tailored to 
have a dual release of growth factors promoting localized neovascularization.
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	 03-P279	 Construction of intelligent antithrombotic small diameter tissue engineered blood vessel in vivo by utilization 
host response

Wen Zeng，Da Huo，Yanzhao Li，Feila Liu，Chuhong Zhu
Department of Anatomy, Third Military Medical University, Chongqing, China

Thrombosis is one of the biggest obstacles in the clinical application of small-diameter TEBVs. The implantation of an unmodified TEBV will 
lead to platelet aggregation and thrombosis, in which the high concentration of adenosine diphosphate (ADP) that is released by platelets 
plays an important role. Before endothelializaton of TEBVs in vivo, how to prevent thrombosis is a key problem. Recent studies have proved 
that low levels of inflammatory response could promote mobilization and homing of early EPCs. However, excessive inflammation would reduce 
the EPCs and cause thrombosis. So it’s critical to promote inflammation resolution of TEBVs in time and facilitate the growth and differentiation 
of EPCs towards ECs. 
 We designed a reduced graphene oxide based dual-enzyme biomimetic cascade to successively convert ADP into AMP and AMP into 
adenosine.1 We used RGO as a support and bound apyrase and 5-nucleotidase on its surface through covalent bonds, and then, we modified 
the surface of the collagen-coated decellularized vascular matrix with the RGO-enzyme complexes, in which RGO functions as a platform with a 
large open surface area and minimal diffusion barriers for products to integrate two catalytic systems for cascading reactions. And we found a 
novel mechanism underlies netrin-1 regulating inflammation may acting on M Φ .2 Our results show that netrin-1 treatment of M Φ induced 
CD163 expression and suppressed LPS-induced CD86 expression, further studies showed netrin-1 activated STAT6, PPARγ and glucocorticoid 
pathways. 
 We successfully constructed RGO-enzyme-coated TEBVs for antiplatelet function and endothelialization. These TEBVs reached a patency rate 
of 90% 7 days after grafting. Furthermore, we found that netrin-1 promotes M Φ reprogramming to induce inflammation resolution and the 
release of exosomes from MΦ to target and regulate EPCs and improve the long term patency rate of small diameter TEBV. So we constructed 
intelligent anti-thrombosis small diameter tissue engineered blood vessel in vivo by utilization host response. 
 References 
 1. Huo, D. et al. Construction of Antithrombotic Tissue-Engineered Blood Vessel via Reduced Graphene Oxide Based Dual-Enzyme Biomimetic 
Cascade. ACS Nano 
 2. Li, Y. et al. Netrin-1 Promotes Inflammation Resolution to Achieve Endothelialization of Small-Diameter Tissue Engineering Blood Vessels by 
Improving Endothelial Progenitor Cells Function In Situ. Adv. Sci.
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	 03-P278	 An electrospun vascular scaffold for cellularized small diameter blood vessels: a preclinical large animal study 

Sang  Jin Lee，Young Min Ju，Ickhee Kim，Anthony Atala，James J Yoo
Wake Forest Institute for Regenerative Medicine, Wake Forest School of Medicine

The strategy of vascular tissue engineering is to create a vascular substitute by combining autologous vascular cells with a tubular-shaped 
biodegradable scaffold. We have previously developed a novel electrospun bilayered vascular scaffold that provides proper biological and 
biomechanical properties as well as structural configuration. In this study, we investigated the clinical feasibility of a cellularized vascular 
scaffold in a preclinical large animal model. We fabricated the cellularized vascular construct with autologous endothelial progenitor cell (EPC)-
derived endothelial cells (ECs) and smooth muscle cells (SMCs) followed by a pulsatile bioreactor preconditioning. This fully cellularized 
vascular construct was tested in a sheep carotid arterial interposition model. After preconditioning, confluent and mature EC and SMC layers in 
the scaffold were achieved. The cellularized constructs sustained the structural integrity with a high degree of graft patency without eliciting an 
inflammatory response over the course of the 6-month period in sheep. Moreover, the matured EC coverage on the lumen and a thick smooth 
muscle layer were formed at 6 months after transplantation. We demonstrated that electrospun bilayered vascular scaffolds in conjunction 
with autologous vascular cells may be a clinically applicable alternative to traditional prosthetic vascular graft substitutes.
 
 Acknowledgements: 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-14-2-0003.  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.
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	 03-P281	 A silk fibroin-polyurethane hybrid and semi-degradable arteriovenous graft for hemodialysis 

Sebastiao van Uden1,2，Valentina Catto1，Loes van der Donk3，Noemi Vanerio3，Linda Kock3，Alberto C. L. Redaelli2，Francesco G. Greco1，
Stefania A. Riboldi1
1Bioengineering Laboratories S.r.l., Meda, Italy，2DEIB, Politecnico di Milano, Milan, Italy，3LifeTec Group BV, Eindhoven, The Netherlands

In the field of hemodialysis there is the urgent, unmet, clinical need of a vascular access that is easily accessible (available off-the-shelf and 
suitable for early cannulation like synthetic arteriovenous grafts) and durable (patent on the long term like native fistulae). To meet this need, 
herein it is proposed a novel hybrid and semi-degradable vascular access, combining a medical-grade non-degradable polyurethane (PU), 
conferring elasticity and puncturability, with silk fibroin (SF), providing biocompatibility, bioactivity, and remodeling capacity.
 Grafts (L≈22cm, ID≈7mm, thickness≈400mm) were fabricated by electrospinning concentric layers of SF around a core of blended SF and PU 
(Silkothane®). Following crystallization in ethanol solutions, vacuum drying and ethylene oxide sterilization, prototypes were characterized in 
terms of morphology, mechanics, physico-chemistry and cytotoxicity, according to international standards and in comparison with commercial 
grafts when applicable. 
 Silkothane® grafts revealed a fibrous morphology with diameters between 0.3±0.1μm and 1.0±0.2μm. Dynamic compliance was 5±1%, 
between the saphenous vein (4%) and carotid artery (8%), and burst pressure was 840±117mmHg. Suture retention strength was 3.0±0.5N. 
Water permeability before and after puncture were 1.8x10-17 ± 1.4x10-17Darcy and 9.9x10-14 ± 2.8x10-14Darcy, respectively, in line with a 
commercial PU graft (2.0x10-17 and 8.2x10-14Darcy) and superior to two commercial polytetrafluoroethylene grafts (both before puncture – 0 
Darcy; after – 1.9x10-13 and 1.1x10-12Darcy). Cytotoxicity level was equal to the negative control. 
 Overall, in vitro characterizations showed that Silkothane® grafts possess excellent properties to be used as off-the-shelf and early-
puncturable hemodialysis vascular accesses, possibly favoring tissue colonization and remodeling on the long term, and realizing the so-called 
‘endogenous tissue regeneration’ approach to tissue engineering. Further tests are underway to assess the grafts’ behavior i) upon ex vivo 
contact with blood, ii) upon anastomosis to native arteries, and iii) when cultured with smooth muscle cells under arterial hydrodynamic 
conditions.
 
 This work was supported by the European Commission within the Horizon 2020 Framework through the MSCA-ITN-ETN European Training 
Networks (project number 642458). Silkothane® is a trademark, and S.v.U., S.A.R. and F.G.G. are employees, of Bioengineering Laboratories.
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Over 17 million deaths were attributed to Cardiovascular disease (CVD) in 2008, of these deaths, 50 percent were the direct result of vascular 
damage induced by plaque buildup and accompanying lesions. Currently, the standard treatment utilizes synthetic and autografts from Dacron 
and Teflon or the saphenous vein.  However, patients suffering from CVD may not have healthy vessels, and synthetic grafts do not allow 
cellular remodeling, falter over time, and when less than 6 mm in ID experience deleterious interactions with the circulatory proteins, leading to 
thrombosis. To overcome the shortcomings described, a biomimetic bi-layer nanofibrous tubular scaffold with tunable diameter and pore size 
has been developed using chemically modified poly(l-lactic acid) (PLLA) and electrospinning Poly( ε -caprolactone). The inner layer was 
fabricated through a thermally induced phase separation technique and using a sugar template to produce an architecture that is porous and 
interconnected and able to mimic the supportive structure of the extracellular matrix (ECM). The scaffolds were fabricated with dimensions of 
0.9 mm ID, 1.6 mm OD, and 5.0 mm in length and conjugated with anticoagulant molecules (heparin, PEG) before in situ implantation as a 
replacement for the descending aorta in female rat models (250 – 350 g). Doppler ultra sound was used to evaluate the scaffolds and showed 
no issues of thrombosis or aneurysm formation in 30 early rat models. At 1 and 3 months, the rats were sacrificed, and the scaffolds were 
harvested. Through H&E, Masson's trichrome, and Verhoeff's stainings, excellent cellular infiltration, proliferation, and migration from the sites of 
anastomosis towards the midpoint of the scaffold were observed. More importantly, there was cellular remodeling with laminar cellular 
arrangement, excellent ECM deposition, and the beginning of the same phenomena in the midpoint of the scaffold as early as 1 month. The 
gene expression of SM22-α, CNN-1, and MYH-11 of the inner layer was quantified and showed elevated levels of these markers compared to 
native vasculature. We believe, therefore, that we have developed an effective vascular graft producing platform to generate mature small 
diameter blood vessels that can function in animal models. 
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Julien Verstraeten1，Paulina Kowalska1，Bieke Bekaert1
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Introduction
 The most critical challenge in bioprinting is the integration of a vascular network needed for viability and maturation of the fabricated tissue. 
We hypothesized that vascular spheroids can be used as building blocks for bioprinting a vascularized macrotissue. In this study, vascular 
spheroids were biofabricated, encapsulated in photo-crosslinkable gelatin, and subsequently bioprinted into a 3D construct. 
 
 Materials & Methods
 Vascular spheroids combining endothelial cells with supporting cells (fibroblasts and/or adipose tissue derived stem cells (ADSC)) were 
created by seeding 0,5*106 cells in high throughput agarose microwells (2865 pores, diameter 200μm) and cultured in endothelial culture 
medium for 10 days. These vascular spheroids were encapsulated in Matrigel or 10w/v% photocrosslinkable gelatin methacrylamide (Irgacure 
2959 as photoinitiator) to study viability and fusion. 3D bioprinting of vascular spheroids in gelatin methacrylamide was performed with the 3D 
Discovery (RegenHu). 
 Morphology, extracellular matrix production, lumen formation and spheroid fusion,... were
 evaluated by various techniques: phase contrast/fluorescence microscopy, immunohistochemistry, transmission electron microscopy (TEM).
   
 Results
 When applying the correct coculture ratio, viable spheroids were obtained in which endothelial cells spontaneously formed lumina and a 
capillary like network, as shown by immunohistochemistry and TEM. Especially the presence of ADSC in the spheroid led to a higher 
vascularization of the spheroid and more extracellular matrix production.Moreover, the spheroids were able to fuse in suspension and in 
hydrogels, creating a macrotissue. During fusion, cells reorganized, creating a branched capillary network throughout the entire fused construct 
by inoculating with capillaries of adjacent spheroids. Bioprinting of vascular spheroids encapsulated in photocrosslinkable gelatin resulted in 
high viability of the macrotissue and fusion of the vascular spheroids into a vascular network. 
 
 Conclusions
 In conclusion our findings showed that (1) agarose microwells are well suited for large scale production of uniform, high quality vascular 
spheroids, (2) encapsulated vascular spheroids have the capacity to fuse into a macrotissue, (3) bioprinting of vascular spheroids with gelatin 
methacrylamide as bioink is successful and leading to a vascular network. 
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It is estimated that approximately 8-12 million people in the United States have peripheral artery disease (PAD).1 Problems (e.g. restenosis, 
thrombosis, and impaired vasomotion) associated with bare and drug-eluting metal stents have prompted the development of bioresorbable 
vascular scaffolds (BVS). Currently, only the beginning and end of polymeric commercially available BVSs can be visualized using conventional 
X-ray imaging equipment. The stent placement within the vessel wall and degradation can only be assessed using complex intravascular 
imaging methods. The objective of this study is to develop a biocompatible BVS that can be fully visualized using non-invasive clinical imaging 
modalities such as X-rays.
             We investigated the feasibility of printing BVS that contained iodixanol, a commercially available iso-osmolar contrast agent, which is 
commonly used during fluoroscopy and angiography. 5.5, 4 and 2% (w/v) of iodixanol were successfully incorporated into the biomaterial ink 
and used to fabricate BVSs. BVSs with and without contrast agent were imaged using microCT. We further evaluated the radiopacity of BVSs in 
a chicken leg to test how tissue affects the optical properties using a clinical digital radiograph. The BVS containing 5.5% contrast agent 
showed the most promising results and will be evaluated for biocompatibility and visibility in vivo.
 References: (1) Fowkes FGR. et al. Lancet, 2013; 382:  1329–40.
 Acknowledgements: This work was supported by the American Heart Association. 
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Incoherence of the mechanical properties of the native artery and synthetic vascular grafts (VG) are known to cause intimal hyperplasia, 
followed by graft failure. Design and production of a synthetic tissue-engineered VG with viscoelastic properties similar to those of a human 
artery is a critical objective of vascular engineering1-3. In the present study we have investigated the mechanical properties of VGs produced by 
electrospinning from blends of  3-5% Tecoflex EG-80A polyurethane with 10÷15% gelatin in hexafluoro-2-propanol. Mechanical properties and 
compliance of glutaraldehyde-treated (GA) and untreated VGs produced from Tecoflex and gelatin under variable hydrodynamic loading were 
studied immediately upon VG production and after 2 and 4 weeks of incubation in PBS at 37°C. Rat abdominal aorta (diameter 1.8-2 mm) and 
ePTFE grafts (diameter 2.4 mm, Zeus Inc., USA) were used as controls. 
 The ePTFE VGs, commonly used in clinical practice, exhibit high tensile strength, but pressure up to 200 mmHg virtually does not inflate the 
VGs. Tensile strength of Tecoflex-gelatin VGs was only marginally influenced by aging, whereas its compliance decreased during the 
incubation. In addition to being more compliant than other tested VGs, GA treated VGs from 3% Tecoflex with 15% gelatin were more 
responsive to low pressure and retained their compliance after the long term incubation. Evidently, guided protein crosslinking prevents 
additional undesirable crosslinks between proteins in a fiber and between adjacent fibers. In-depth physical and chemical analysis of fiber 
structure and inter-fiber contacts is necessary to explain the good compliance of GA treated VGs and allow us to improve the compliance and 
durability of electrospun polyurethane-based VGs. 
  
 Referenсes:
 1. Salacinski HJ, et al. The mechanical behavior of vascular grafts: a review. J Biomater Appl. 15, 241, 2001.
 2. Montini-Ballarin F, et al. Mechanical behavior of bilayered small-diameter nanofibrous structures as biomimetic vascular grafts. J Mech Behav 
Biomed Mater. 60, 220, 2016.
 3. Nezarati RM, et al. Electrospun vascular grafts with improved compliance matching to native vessels. J Biomed Mater Res B Appl Biomater. 
103, 313, 2015.
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Heart valve disease is an increasing clinical burden associated with high morbidity and mortality. The mechanical strength of valves is attributed 
to the unique microstructure of each valve leaflet layer. To recapitulate the structure and function, a multilayer leaflet can be developed using 
3D bioprinting. Thus, the aim of this project is to first develop suitable bioinks for 3D bioprinting and then develop the multilayered leaflets. A 
hydrogel-based bioink composed of varying concentrations of poly(ethylene glycol) diacrylate (PEGDA) and gelatin methacrylate (GelMA) was 
developed to be suitable for 3D bioprinting and cell encapsulation. Meanwhile, polycaprolactone (PCL) was optimized for 3D bioprinting and 
utilized to match the mechanics of the native valve leaflets. Bioink properties were characterized by degradation, swelling ratio, and 
compression test. While, cell viability was assessed through the Live/Dead Assay. The printability of each bioink was determined by performing 
a shape fidelity test. A formulation of 10% w/v of GelMA or a combination of GelMA/PEGDA led to a white-light crosslinkable bioink. While the 
10% w/v GelMA scaffold degraded within 5 days, the combination of GelMA/PEGDA addressed the issue of degradation, with no degradation 
after 7 days. Furthermore, both 10% GelMA and GelMA/PEGDA bioinks had over 80% cell viability. The GelMA and GelMA/PEGDA bioinks 
exhibited 75% print accuracy when compared to CAD model, suggesting these bioinks are suitable for 3D bioprinting. The modulus of 3D 
bioprinted GelMA scaffolds were 5 kPa, which is comparable to the modulus cells experience in native leaflets. As for the load-bearing 
component of the leaflet, PCL can be 3D bioprinted into scaffolds that are flexible and have a physiological modulus of 4-6 MPa. Furthermore, 
PCL and the GelMA/PEGDA bioinks can be crosslinked together to form a multilayered scaffold. Combined, we have developed two bioinks 
suitable for 3D bioprinting and with the mechanical properties necessary to generate a multilayered leaflet for heart valve tissue engineering. 
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	 03-P287	 AAV-mediated Therapeutic Strategy for Ischemic Heart Disease

So Young Yoo
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Recent work in cellular reprogramming of fibroblasts into cardiomyocytes has demonstrated therapeutic potential for cardiovascular disease, in 
which viruses were utilized as biomaterials for successful transgene delivery. Retrovirus- or lentivirus-mediated transgene delivery into the 
cardiovascular system was majorly used and is not yet feasible for application to humans. Here, We propose to utilize AAV-mediated gene 
delivery as a reprogramming and thymosin beta4 (Tb4) - mediated heart regeneration in a myocardial ischemia model. AAV-GMT promoted a 
gradual increase in expression of cardiac-specific genes, including Actc1, Gja1, Myh5, Ryr2, and cTnT, with a gradual decrease in expression of 
a fibrosis-specific gene, procollagen type I. Vessel growth was enhanced in fibrotic areas in the AAV-Tb4 co-treatment group compared to the 
AAV-GMT or AAV-Tb4 only group; enhanced cell survival was also accompanied by AAV-Tb4 co-injection. Histological assessment of heart also 
showed decreased myocardial fibrosis and increased wall thickness in the AAV-Tb4 co-injection group, with consequent improved cardiac 
function, as shown by echocardiography. Taken together, the combined AAV-mediated GMT and Tb4 therapy enhanced the recovery of heart 
structure and function via enhanced heart regeneration and blood vessel growth in an acute myocardial infarction model. [This research was 
supported by a grant of the Korea Health Technology R&D Project through the Korea Health Industry Development Institute (KHIDI), funded by 
the Ministry of Health & Welfare, Republic of Korea (H16C1067)]
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Vascular smooth muscle cells (VSMCs) play essential roles in regulating blood vessel form and function, and are required for tissue engineering 
applications. Regeneration of functional vascular smooth muscle tissue to repair diseased vessels requires access to a VSMC source that is 
effective, efficient and safe. Multipotent adipose derived stromal cells (ASCs) can be readily harvested from abundant fat tissue and 
differentiated into VSMC-like cells. While the derivation of VSMCs from ASCs is promising, it is not known whether cryopreservation affects ASC 
differentiation towards VSMC. The objective was to investigate the effect of cryopreservation on ASC differentiation into VSMCs. It was 
hypothesized that short-term cryopreservation will not have a negative effect on the ASCs' ability to differentiate towards a VSMC cell fate. 
Cryopreserved passage 5 ASCs were generated by suspending fresh passage 4 ASCs in cryopreservation medium (10% FBS, 10% DMSO and 
80% low-glucose DMEM) and frozen at -80°C for one month, then thawed and cultured for one passage before differentiation. Both fresh ASCs 
(FA) and cryopreserved ASCs (CA) were treated with VSMC differentiation factors (5 ng/ml transforming growth factor β1 and 1 μM retinoic 
acid) for 1 week, and expression of VSMC genes/proteins, and cell contractility were investigated (N=3, n=3). mRNA and protein levels of the 
late stage contractile marker smoothelin were significantly higher in VSMC-like cells derived from FA than from CA (p<0.05). FA generated 
VSMC-like cells contracted collagen gels more (p<0.05) in response to norepinephrine and vasopressin, when compared with the those 
derived from CA. Cytokines (TNFα, IFN γ ), total and phosphorylated signalling proteins (MEK/ERK, p38, JNK, RhoA, Smad2/3) involved in 
VSMC differentiation were quantified in FA vs. CA. CA demonstrated significantly less phosphorylation of ERK1/2 and Smad2/3, and released 
more IFN γ than FA. This could account in part for the decreased expression of smoothelin gene/protein and reduced contractility of CA-
derived VSMC-like cells. This study provides significant insights into how CA could be potentially pre-treated before being differentiated for 
subsequent vascular tissue regeneration. Acknowledgement CIHR operating grant #230762, OGS scholarship and NSERC PGS-D scholarship. 
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Accumulating evidence indicates that air pollutants, more specifically ultrafine nanoparticles, contribute to serious and fatal damage to the 
cardiovascular system. However, the mechanisms that drive air pollutants associated cardiovascular disease and dysfunction remain unclear. 
Two-dimensional cell culture systems fail to predict nanoparticle toxicity in vivo, yet they remain the platform of choice for nanoparticle 
assessment. In an effort to create a more predictive in vitro model, we have developed the 3D platform with physiological shear stress, and 
supports the combination of dense parenchymal tissue and vascular interface on a single platform to unravel the impact of air pollution-derived 
nanoparticles on endothelial cells and cardiac tissue. When endothelial cells were exposed for 24 hours to 12-nm silica nanoparticles that are 
commonly used to model the toxic effect of ultrafine airborne particles, cytotoxicity and vascular permeability was significantly lower under 
flow conditions than that measured in static Transwell condition. This illustrates that vascularization with physiological shear stress is a crucial 
factor in terms of nanotoxicity evaluation towards real-life human exposure. To further understand the effect of nanoparticles on the 
cardiovascular system, human iPSC-derived cardiomyocytes were seeded around the vascular scaffold. We measured the amount of 
nanoparticle translocation from vascular space to cardiac tissue using inductively coupled plasma mass spectrometry (ICP-MS), and their 
possible relationship to functional properties of cardiac microtissue (contractile force and frequency) were analyzed. This microengineering 
approach may offer new opportunities to more accurately model cardiovascular response to nanoparticles and may help us to understand 
whether any safe nanoparticle dose exists that eliminate the cardiovascular effect. 
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	 03-P288	 MicroRNA-145-loaded poly lactic-co-glycolic acid nanoparticles attenuate venous intimal hyperplasia in a rabbit 
vein graft disease model

Hiroomi Nishio，Hidetoshi Masumoto，Kazuhisa Sakamoto，Hideo Kanemitsu，Koji Ueyama，Kazuhiro Yamazaki，Tadashi Ikeda，Kenji Minatoya
Department of Cardiovascular Surgery, Kyoto University Graduate School of Medicine, Kyoto, Japan

BACKGROUND: Vein grafts implanted under arterial pressure are prone to atherosclerosis, leading to vein graft disease. A key mechanism is 
intimal hyperplasia, which is caused by a phenotypic modulation of vascular smooth muscle cells (VSMCs). MicroRNA-145 (miR-145) is 
reported to regulate the phenotype of VSMCs from proliferative to differentiated state. Viruses or plasmids are generally adopted to transduce 
the microRNA. We hypothesized that an ex vivo microRNA-delivery system using miR-145-loaded poly lactic-co-glycolic acid (PLGA) 
nanoparticles (NPs) could attenuate venous intimal hyperplasia. 
 METHODS: Vein grafts of male Japanese white rabbits were harvested and soaked in PBS, scrambled control-microRNA (cont-miR)-loaded 
PLGA NPs solution, or miR-145-loaded PLGA NPs solution for 30 min before implantation. The rabbits were divided into 3 groups: PBS-treated 
(n = 8), cont-miR-treated (n = 7) and miR-145-treated group (n = 7) and underwent the replacement of the carotid artery with the vein graft. 
Two weeks after the surgery, the vein grafts were explanted and examined. 
 RESULTS: The miR-145 expression level evaluated by qPCR was significantly higher in the miR-145-treated group (PBS-treated vs. cont-miR-
treated vs. miR-145-treated group; 0.69 ± 0.17 vs. 0.70 ± 0.19 vs. 1.03 ± 0.28; p = 0.02 in miR-145-treated vs. cont-miR-treated group). The 
neointimal area was significantly smaller in the miR-145-treated group (1.63 ± 0.52 vs. 1.75 ± 0.48 vs. 0.93 ± 0.32 mm2; p < 0.01 in miR-145-
treated vs. cont-miR-treated group). The immunohistochemical analysis of Ki-67 staining revealed significantly lower VSMC proliferative activity 
in the miR-145-treated group (proportion of Ki-67-positive cell counts; 41.3% ± 7.4% vs. 40.4% ± 5.5% vs. 27.7% ± 3.3%; p < 0.01 in miR-145-
treated vs. cont-miR-treated group; n = 5 for each), indicating the phenotypic alteration of VSMCs into differentiated state by the miR-145-
loaded PLGA NPs treatment. The analysis of qPCR showed that the mRNA expression of myocardin was significantly upregulated in the miR-
145-treated group (0.58 ± 0.67 vs. 0.61 ± 0.46 vs. 1.70 ± 0.72; p = 0.02 in miR-145-treated vs. cont-miR-treated group; n = 6 for each), 
suggesting that miR-145 retained the VSMC phenotype in contractile state.
 CONCLUSIONS: miR-145-loaded PLGA NPs attenuated the intimal hyperplasia via regulation of the phenotype of VSMCs. This simple technique 
without viral or plasmid vectors appears promising for clinical application.
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Current synthetic graft materials have significant limitations that preclude their use in low flow settings and at diameters less than 6mm. 
Expanded polytetrafluoroethylene (ePTFE) is the most commonly used graft material, despite its poor vascular compatibility. The chemically 
inert surface is high hydrophobic and presents an unfavourable substrate for re-endothelialisation while promoting thrombus formation. We 
aimed to use plasma ion immersion implantation (PIII) to modify the surface of ePTFE. PIII is well established for activating inert polymers, but 
only characterised for two-dimensional substrates. Here we developed a novel PIII system to treat the inside of three-dimensional materials, 
including small diameter ePTFE vascular grafts.
 
 6mm ePTFE conduits were treated by the PIII system using 4, 6 or 8kV voltage. Under nitrogen ion bombardment, reactive radical groups 
were created, which facilitate covalent immobilisation of molecules and reduced hydrophobicity. To confirm homogeneous PIII treatment, grafts 
were separated into three 1cm sections and surface chemistry assessed by FTIR and XPS. Contact angle measurements, used to test surface 
wettability, revealed a 28° (±2) reduction after treatment, down to 94°. Replicate samples were subjected to ELISA for protein attachment, 
and an endothelial cell attachment assay. Following PIII treatment, ELISA demonstrate a 120±X22% increase in protein attachment at 4kV, 
172±21 % for 6kV and approximately 231±13 % for 8kV when compared to untreated samples. Endothelial cell attachment also increased 
136±17% throughout all voltage regimens. All three sections were shown to be equivalently treated, with no significant differences observed in 
ELISA or attachment assay. Blood compatibility was examined by incubating samples with heparinised whole blood (0.3 U/ml) for 60 min at 37 
°C whilst rocking. Thrombogenicity under flow conditions was investigated using a modified Chandler loop rotated at 34 rpm at 37 °C for 60 
min. Thrombus weight was dramatically reduced in treated samples for both static (ePTFE 70.3 mg ± 13.7 vs PIII 47.3 mg ± 9.2), and loop 
(ePTFE 82.2 mg ± 12.6 vs PIII 51.3 mg ± 14.7) assays.
 
 Using the new PIII system, homogeneous surface treatments were achieved on the luminal side of ePTFE grafts, with protein binding and cell 
attachment increased post-treatment. This significantly enhances the applicability of PIII treatment to synthetic conduits and other three-
dimensional substrates. 
  

a91931

	 03-P290	 Investigation on microvascular toxicity and extravascular transport of nanoparticles using perfusable 3D 
microvessel model 

Tae-Eun Park1，Jungho Ahn2,3，Chong-Su Cho2，Seong Woo Cho1，Joo H. Kang1，Joon Myoung Song2，Noo Li Jeon2

1Ulsan National Institute of Science and Technology，2Seoul National University，3Georgia Institute of Technology

Vascular networks are the first site exposed to cationic polymer nanoparticles (NPs) when administered intravenously, and function as a barrier 
for NP to reach the target organ. While cationic polymer NPs have been intensively studied as non-viral delivery systems, its biological effects in 
human microvessel have been poorly investigated due to lack of appropriate in vitro systems. Here, we employed the three-dimensional 
mirovessel on chip which accurately models the in vivo state. An open and perfused microvessel surrounded by pericyte was proven to 
reproduce important features of living vasculatures like barrier function and biomarkers. Using microvessel chip, we observed the constriction 
of microvascular lumen induced by perfused polyethylenimine (PEI)/DNA NPs. We demonstrated that oxidative stress that occurs when 
exposed to PEI NPs led a rearrangement of microtubules resulting in microvessel constriction. Furthermore, the transcytotic behavior of PEI NPs 
was analyzed in microvessel by monitoring the escape of PEI NPs from microvascular lumen to perivascular region, which was not available in 
2D culture system. With the understanding of different behaviors of cationic polymer NPs depending on their transcytotic route, we suggested 
a powerful route for efficient extravascular transport. 
 Acknowledgements:
 This work was supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the Ministry 
of Science, ICT & Future Planning NRF-2015R1A2A1A09005662, 2016R1A4A1010796 (N.L.J.) and Research Fund (1.170098.01) of UNIST 
(Ulsan National Institute of Science and Technology) (T.E.P).
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	 03-P293	 Elastic fiber assembly in 3D tissue models by vascular smooth muscle cells derived from human mesenchymal 
stem cells

Kibret Mequanint，Shigang Lin
Department of Chemical and Biochemical Engineering, The University of Western Ontario, Canada

Fabrication of a synthetic scaffold incorporated with functional elastic fibers is a critical design goal for successful vascular tissue engineering 
(VTE). Human bone marrow-derived mesenchymal stem cells (MSCs) are among the most promising stem cell types in VTE being able to 
differentiate into smooth muscle cells (SMCs), which are not only the predominant component of blood vessel medial layer but also the major 
sources for tropoelastin biosynthesis. However, traditional culture approaches through a continuous supply of biochemical factors has 
limitations including the high costs associated with prolonged culture as well as potential development of pathological state. In contrast, MSCs-
derived SMCs through emerging culture approaches such as 3D topography or biomechanical forces represent an immature phenotype 
characterized by solely up-regulation of early-phase SMC genes and proteins. The immature phenotype may hinder the biosynthesis of 
tropoelastin.
Thus, the capability of tropoelastin biosynthesis and elastic fiber assembly by MSCs-derived SMCs is still uncertain. A combination of 
biochemical factors and biomechanical stimulation is a promising platform in directing stem cell differentiation toward a matured cell type. In 
this presentation, we will demonstrate the synergistic effect of pre-treatment with either transform growth factor-beta 1 (TGF-β1) or L-ascorbic 
acid and dynamic pulsatile perfusion in bioreactor on smooth muscle differentiation and maturation in 3D scaffolds. We also investigated the 
effect of MSCs-derived conditioned medium (MSC-CM) and SMC-derived conditioned medium (SMC-CM), as well as their combination on SMC 
maturation particularly, elastic fiber assembly in scaffolds.
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	 03-P292	 The role of 3D collagen and 5-azacytadine on the modulation of human bone marrow-derived mesenchymal stem 
cell secretome for enhanced cardiac regeneration

Chandra Kothapalli，Jyotsna Joshi
Department of Chemical and Biomedical Engineering, Cleveland State University, Cleveland, OH, USA

Myocardial infarction (MI) is one of the leading causes of death and could result in loss of up to 50 g of cardiac tissue and death of billions of 
cardiomyocytes. Mesenchymal stem cells (MSC) are a promising cell source for cardiac repair as they secrete a wide range of signaling 
molecule. Here we investigate the role of 3D collagen matrix and 5-azacytidine (aza) on the modulation of human bone marrow-derived MSC 
(HBM-MSC) secretome pertinent to cardiac regeneration. HBM-MSCs spheroids were formed from loose cells using hanging-drop protocol and 
after 24 h, cultured within type-1 human collagen hydrogels (2 mg/ml) in the presence of 5-aza for up to 4 weeks. Essential cardiac proteins 
(e.g. collagen III, laminin, eNOS, elastin, hyaluronic acid, MMPs, TIMPs, cytokines, chemokines) were qualitatively and quantitatively analyzed at 
various intermediate time-points from these cultures. Results showed that spheroid formation, optimal collagen gel concentration (2 mg/mL) 
and aza dosage (10 mM) caused significant upregulation in the release of ECM components with concomitant downregulation in the release of 
inflammatory cytokines, MMPs and TIMPs, when compared to loose MSC cultures in TCP. Our results attest to the role of 3D stem cell 
microenvironment in positively tuning the secretome profile of human MSCs needed for cardiac tissue regeneration following cardiac 
inflammation and diseases such as MI.
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 CMMS Fellowship and 2017-2018 DRA award from CSU.
 



712

a92657

	 03-P295	 Design and fabrication of perfused micro-bioreactor for three-dimensional culture of cardiomyocytes with 
electrical stimulation 

Xin Liu，Zhanfeng Cui，Hua Ye
Department of Engineering Science, University of Oxford, Oxford, UK

There is an urgent need for in-vitro cardiac tissue models for physiological studies and for toxicity and efficacy testing in drug development. 
Perfused micro-bioreactors enable cardiomyocytes to be cultured three-dimensionally with functional stimulation response and measurements 
with technical advantages for high throughput and parallel testing1.
 In this study, parallel perfused micro-bioreactors were fabricated with Polydimethylsiloxane (PDMS). Neonatal rat cardiomyocytes and human 
iPSC derived cardiomyocytes were cultured in 200mg/ml fibrinogen gel with initial cell densities of 0.5 million/ml. Cardiomyocytes embedded 
fibrinogen gels were formed in 24-well culture dish before transferred to the perfused micro-bioreactors with carbon electrodes to provide 
electric stimulation of 5V/cm. To determine contractile force, the most important function of cardiomyocytes in vivo, casted rectangular 
fibrinogen gels with cells were attached onto two flexible PDMS pillars with a diameter of 1mm and length of 12mm. Their deformation was 
measured and used to estimate cellular contractile force.  
 Culturing of cardiomyocytes within the perfused bioreactor increased cell viability and survival for longer period of time (6 weeks to 8 weeks). 
Also the cells showed aligned morphology and it took less time for them to mature. Comparing with conventional culture based on 24-well 
culture dish, the perfused micro-bioreactors provide more stable and in-vivo like environment for cardiomyocytes. The existence of mechanical 
and electrical stimulation was shown to have significant effects on cell functions. The fabrication and preliminary experimental results of this 
perfused micro-bioreactor could be exploited in the application of drug testing and screening on cardiac tissues.
 
 Referecnce:
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The adult heart was known as a terminally differentiated organ which was unable to reproduce and regenerate myocardial cells in the past. 
However, about 1% of myocardial cells are lost annually and regenerated into new cells, which is very low in cardiac activity, It is suggested 
that the mechanism exists. Two mechanisms have been proposed that adult cardiomyocyte homeostasis is regulated by cell renewal and 
cardiomyogenic differentiation of cardiac stem cells (CSCs), or cell division of pre-existing cardiomyocyte. However, the origin of renewed 
cardiomyocytes and its regulating mechanism are still uncertain. To investigation these uncertainties, We have reproduced myocardial 
homeostasis using a fibrin-supported three-dimensional culture method, and developed a new method for isolating, amplifying and culturing 
cardiac stem cells derived from myocardium. In this study investigates the origin of renewed cardiomyocytes and its regulating mechanism in 
the adult heart. The role of CD200+ cardiac stem cells that have been discovered through exploratory research in cardiomyocyte renewal. 
Therefore, the in situ localization, immunophenotypic identity, and interaction with surrounding cells of CD200+ CSCs in the adult myocardium. 
Finally, the biological characteristics of isolated CD200+ cardiac stem cells will be analyzed to confirm the ability and role of CD200+ cardiac 
stem cells in myocardial infarction animal models through in vivo cell tracking.
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Genome-wide association studies have found that single nucleotide polymorphisms (SNPs) in the 9p21 gene locus–a locus that only emerged 
in non-human primates–are highly correlated with coronary artery disease (CAD). Homozygous carriers of 9p21 SNPs account for 23% of the US 
population and have a 60% increased risk of CAD. However, the mechanisms responsible are poorly understood. To better understand the 
function of 9p21 SNPs in CAD, we differentiated induced pluripotent stem cells (iPSCs) into endothelial cells (ECs) and smooth muscle cells 
(SMCs) from patients who were homozygous for the risk haplotype (R/R) or homozygous for the non-risk haplotype (N/N). In addition, the 
9p21 gene locus was deleted from these cell lines to produce knockout (KO) lines compared to wild type (WT) lines.  RNA sequencing 
identified a number of adhesion and contractility deficits in only the R/R WT SMCs compared to the R/R KO, N/N WT, and N/N KO lines. 
Functional assessments for adhesion strength, cell contractility, and collective contraction and matrix remodeling all showed that impairment 
correlated with presence of the risk locus. Interestingly, contraction could be stimulated with the agonist bradykinin, indicating that cells 
containing the risk locus possess but cannot use their contractile capabilities due to the presence of the risk interval. Concurrently, we found 
that differentiated ECs displayed similar phenotypic shape and size while maintaining expression and localization of ZO1 and VE-Cadherin. 
However, R/R WT EC monolayers were significantly more permeable compared to ECs lacking the risk locus. Under stress, EC monolayers 
responded similarly to TNFalpha signaling, significantly increasing permeability for all VECs and maintaining significantly more permeable 
monolayers of R/R WT ECs in comparison to R/R KO and N/N WT ECs.  Because of these deficits found in adhesion, cell and collective 
contraction of SMCs as well as permeability and stress responses of ECs containing the 9p21 SNPs, we believe the principal cardiovascular 
disease risk locus plays a key role in impairment of vascular functionality and thus is influential in the procurement of CAD.
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We have developed our original tissue engineering technology “cell sheet engineering” utilizing temperature-responsive culture dishes. The cells 
are confluently grown on a temperature-responsive culture dish and can be harvested as a cell sheet by lowering temperature without 
enzymatic digestion. Cell sheets are high-cell-density tissues similar to actual living tissues, maintaining their structure and function. Based on 
this “cell sheet engineering”, we are trying to create functional cardiac tissues from human induced pluripotent stem cells, for regenerative 
therapy and in vitro drug testing. Toward this purpose, it is necessary to evaluate the contractility of engineered cardiac cell sheets. Therefore, 
in the present study, we developed a contractile force measurement system and evaluated the contractility of human iPS cell-derived cardiac 
cell sheet-tissues. We used human iPS cells in which puromycin-resistance gene under the control of α-myosin heavy chain promoter was 
transferred. By cardiac differentiation inducing culture using bioreactor system and puromycin treatment, human iPS cell-derived 
cardiomyocytes were prepared. The cardiomyocytes were cultured confluently on temperature-responsive culture dishes (UpCell; CellSeed, 
Tokyo, Japan). The cardiomyocyte sheets were transfered onto fibrin gel sheets by our stamp technique previously developed. The 
cardiomyocyte sheet-tissues were vertically mounted to the force measuring device, and contractile force due to the spontaneous beating was 
measured successfully. Drug testing was performed by administering several drugs. We confirmed the increase of contractile force due to the 
administration of adrenaline, isoproterenol, and Bay K8664, and decrease of contractile force due to the administration of verapamil and 
nifedipine. Additionally, we also confirmed the continuous decrease of contractile force due to the administration of a cardiotoxic anticancer 
drug adriamycin. In conclusion, the force measurement system developed in the present study is valuable for the evaluation of engineered 
cardiac cell sheet-tissues, and for in vitro cardiac drug testing.
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	 03-P299	 Elastogenicity of cBM-SMCs in a 3D collagenous milieu: Identifying a potential cell source for cell therapy in AAAs 
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Restoring elastin homeostasis in progressing abdominal aortic aneurysms (AAAs) is a major yet un-addressed challenge due to poor 
tropoelastin (precursor molecule) mRNA synthesis by adult vascular smooth muscle cells (SMCs), their impaired ability to assemble new elastic 
fibers and their inability to overcome chronic proteolysis in the AAA wall. We recently discovered that SMC-like cells (cBM-SMCs) differentiated 
from rat bone marrow mesenchymal stem cells (BM-MSCs) on a fibronectin substrate in presence of the growth factors TGF-β and PDGF, 
exhibit superior elastogenic and anti-proteolytic properties in a long-term 2D culture relative to undffierentiated BM-MSCs, healthy rat aortic 
SMCs (RAMSCs) and other derived SMC phenotypes. We also found these cells to provide paracrine pro-elastogenic and anti-proteolytic 
impetus to cocultured aneurysmal SMCs. While these outcomes in 2D cultures are promising towards use of cBM-SMCs for cell therapy for 
AAAs, to provide greater relevance to our intended application, in the present study, we investigated matrix synthesis ability of the cBM-SMCs 
within a 3D collagen-rich, de-elasticized microenvironment evocative of the aneurysmal aorta. Acid solubilized type-I collagen was mixed with a 
suspension of RASMCs, rat cBM-SMCs and rat BM-MSCs either standalone and or with a mixture of each of these cell types with rat aneurysmal 
SMCs (EaRASMCs) to generate a final mixture containing 2mg/ml of collagen, 250k cells/ml (for biochemical assays) and 1 × 106 cells (for 
histology), and 20% v/v fetal bovine serum (FBS). The cell-seeded constructs were cultured for 21 days in DMEM containing 10% v/v FBS post 
gelation. Gel contraction, elastic matrix contents, protein synthesis and enzyme activity of matrix-metalloproteases (MMPs) 2 and 9, desmosine 
crosslinks and lysyl oxidase protein and enzyme activity were measured after 21 d. Elastic matrix amounts, fiber formation, and desmosine-
mediated crosslinking of elastin, besides contractility of constructs was significantly higher in cBM-SMC cultures and also in EaRASMCs /cBM-
SMCs co-cultures versus controls. Morphometric analysis of Verhoeff-Van Gieson-stained sections also showed higher density of elastin in 
constructs seeded with cBM-SMCs and separately in EaRASMCs /cBM-SMCs co-cultures compared to controls. Our study strongly supports the 
utility of cBM-SMCs for cell therapy aimed at restoring elastic matrix homeostasis in the AAA wall towards achieving growth arrest or 
regression. 
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Multipotent adipose derived stromal cells (ASCs) can be readily harvested from abundant fat tissue and differentiated into vascular smooth 
muscle cell (VSMC)-like cells for vascular tissue regeneration. Monocytes are among the first groups of cells present after biomaterial-based 
vascular tissue construct implantation. Depending on the activation states of monocytes (inflammatory or wound-healing), they could have 
different effects on tissue-specific cells and contribute to prolonged inflammation or tissue repair and wound-healing. Although activation of 
monocytes towards a pro-inflammatory phenotypic state can lead to the over-proliferation of VSMCs and ultimately potential stenosis and 
failure of vascular grafts, it was shown that when co-culturing primary VSMCs with monocytes at a 4:1 ratio on a pro-wound healing 
polyurethane (D-PHI), tissue regeneration could occur. However, the latter has not yet been demonstrated to be the case for ASC derived 
VSMCs (ASC-VSMCs) and monocytes. The objective was to develop a 3D ASC-VSMC/monocyte co-culture system in vitro using porous D-PHI 
scaffolds, in order to investigate the pro-inflammatory/wound healing processes over a 4-week period. It was hypothesized that cytokine 
release profiles would change with a temporal inflammatory/tissue regeneration profile similar to that of relatively normal wound repair. Fresh 
monocytes were isolated from human blood. ASC-VSMCs were generated by treating human ASCs with VSMC differentiation factors (5 ng/ml 
transforming growth factor β1 and 1 μM retinoic acid) for 1 week. ASC-VSMCs and monocytes (4:1 ratio, 300,000 ASC-VSMCs + 75,000 
monocytes) were co-cultured on a 3D D-PHI scaffold for 0 (i.e. 24 h post seeding), 1, 2 and 4 weeks. Proinflammatory cytokines (IL-6, IL-1β, 
TNF-α) and pro-wound healing cytokines (IL-10, MCP-1, MCP-2, GCSF, IL-4) were analyzed using Ray Biotech growth factor array.  It was found 
that the release of IL-6, IL-1β, TNF-α all increased at 1-week time point (vs. 0 week), and then decreased at 2, 4 week time point (vs. 0 week), 
while release of IL-10, MCP-1, MCP-2, GCSF and IL-4 increased after 0 week and were still elevated at week 4. This study suggests a switch 
from an initial inflammation phase to a regeneration phase could occur during the culture of ASC-VSMCs in the presence of monocytes on 
D-PHI. Acknowledgement CIHR operating grant #230762, OGS scholarship and NSERC PGS-D scholarship. 
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Objectives:
 In the development of new biomaterials for cardiovascular grafts, decellularized connective tissue membrane presents potential for new 
applications in regenerative medicine.
 Previously, we have developed in vivo tissue-engineered autologous small-caliber vascular grafts, named Biotubes, which is constructed by a 
novel concept of regenerative medicine. We have reported Biotubes withstood systemic blood pressure and exhibited excellent performances 
as small caliber vascular prostheses in animal models. However, as it takes 4 weeks even in the healthy animals to fabricate Biotubes, it is 
expected to be problematic to apply them to the severely diseased patients whose regenerative activity is suppressed because of immaturity 
in the fabricated tissues. Therefore, possibility of the allogeneic implantation of the Biotubes from the healthy donor to the diseased patient 
should be evaluated. The objective of this study is to fabricate off-the-shelf cardiovascular grafts using allogeneic animals.
  
 Methods and Results:
 Silicone rod molds (diameter: 5mm, length: 10 cm) were placed into subcutaneous pouches of beagle dogs, and after 4 weeks the implants 
with their surrounded connective tissues were harvested. Tubular connective tissues with internal diameter of 5 mm were obtained after pulling 
out the impregnated molds. Tubular connective tissues were perfused with 1% sodium lauryl ether sulfate (SLES), 1% Triton-X, and 500 U/ml of 
DNase in phosphate-buffered saline (PBS). Decellularized tubular connective tissues were stored in PBS at -20 degrees for 1 week.
 Decellularized tubular connective tissues were cut open and trimmed to elliptical sheets of 15 x 8 mm. Those were transplanted to the carotid 
arteries of another beagle dogs as vascular patches (n = 6). 
 Echocardiography revealed no aneurysmal changes of the grafts. Vascular patch grafts were resected 1, 2 and 4 weeks after implantation 
(each group n = 2) and histologically evaluated. Histological evaluation revealed that patch grafts formed neointima on the luminal surface and 
graft walls had cell infiltration over time.
  
 Conclusions:
 Decellularized connective tissue membranes can be prepared and stored beforehand and can be used as allogeneic grafts. It was suggested 
that the decellularized connective tissue membranes have sufficient strength to withstand arterial pressure and can self-assemble rapidly after 
implantation. They could be one of the ideal allogeneic cardiovascular grafts.

a90287

	 03-P300	 Differentiation of Human Pluripotent Stem Cells into Cardiomyocytes Cultured on Hydrogels having Different 
Elasticity 

Huan Chiao SU，Akon Higuchi
Department of  ChME, University of NCU, Zhongli, Taiwan

Stem cells are an attractive prospect for tissue engineering and regenerative medicine for their unique biological properties.1 The coating 
materials were based on extracellular matrix (ECM), such as Matrigel, recombinant Vitronectin (rVN), Synthemax II, Cellstart and Laminin-521 
are commonly used as the cell culture substrates for human embryonic stem cells (hESCs). Our previous study showed that polystyrene tissue 
culture (TCPS) dishes coated with Laminin-521 has higher survival rate for hESCs differentiated into cardiomyocytes compared with other ECM-
coated dishes. In addition, Laminin-521 is derived from natural laminin and therefore facilitates self-renewal of hESCs and induced pluripotent 
stem cells (iPS cells) in a chemically defined, xeno-free stem cells culture system. We designed different stiffness of polyvinylalcohol-co-itaconic 
acid (PVA-IA) hydrogel conjugated with Laminin-521 and oligopeptides derived from laminin as hESCs culture substrate and we evaluated 
hESCs attachment and pluripotency cultured on these hydrogels. Furthermore, we differentiated hESCs into cardiomyocytes to investigate the 
survival rate and expression of cardiomyocyte surface marker (cTnT).      
 The PVA-IA hydrogels in this research were prepared by coating aqueous PVA-IA solution on the TCPS and were crosslinked with 
glutaraldehyde to control the elasticity of the PVA-IA hydrogels. Laminin-521 and oligopeptides derived from laminin was covalently bound on 
PVA-IA hydrogels. We investigated the effect of different crosslinking degree of PVA-IA hydrogels grafted with Laminin-521 and the 
oligopeptides to investigate the differentiation ability of hESCs into cardiomyocytes. We further evaluated the pluripotency and differentiation 
ability of hESCs after long-term culture of hESCs on PVA-IA hydrogels (more than 10 passages).
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	 03-P303	 Stents with Inducible VEGF/HGF-secreting MSCs enhanced Re-endothelialization and decreased Restenosis in 
Swine Model 
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Han Byual Kim4，Han Cheol Lim4，Dong Keun Han5，Young Joon Hong4，Je-Yoel Cho1
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University, Seoul, South Korea，2Department of Biomedical Laboratory Science, College of Medical Science, Konyang University, Daejeon, South Korea，3Center for Biomaterials, Korea Institute 
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Plaques caused by atherosclerosis within the vasculature can eventually leads to heart failure. Currently cardiac stenting is the most effective 
and a less invasive approach to treat the disease. However, in-stent restenosis has been the most complex and chronic side-effect of the 
stenting treatment. In this study, to reduce the restenosis of stent and induce re-endothelialization within the artery, we applied coronary stents 
coated with stem cells secreting angiogenic growth factor in an inducible genome-editing system. After confirming the characteristics of the 
cells and adhesion property on stents, we transplanted the stents into swine model to evaluate the re-stenosis and potential therapeutic use of 
the stents with stem cells. Restenosis was evaluated via optical coherence tomography (OCT), micro-computed tomography (mCT) and 
angiography, and re-endothelialization by immunostaining after cardiac stent treatment. Compared to bare metal stent or parental UCB-MSC 
coated stent, the stents with the stem cells of controlled and combined release of hepatocyte growth factor (HGF) and vascular endothelial 
growth factor (VEGF) successfully reduced the re-stenosis within the stent and induced natural re-endothelialization. Furthermore, UCB-MSC 
had ability to differentiate into endothelial cells in matrigel condition and HGF and VEGF improved the differentiation. Our study indicates that 
the stents coated with the UCB-MSCs secreting VEGF/HGF would reduce restenosis side effects of cardiac stenting with improved re-
endothelialization.

a91035

	 03-P302	 Exogenous nitric oxide delivery promotes matrix deposition and suppresses inflammation in adult human 
aneurysmal smooth muscle cell cultures

Chandra Kothapalli，Phillip Simmers，Kurt Farrell，Gautam Mahajan
Department of Chemical and Biomedical Engineering, Cleveland State University, Cleveland, OH, USA

Vascular diseases such as aneurysms are characterized by endothelial dysfunction, variation in nitric oxide (NO) release, over-proliferation of 
aortic smooth muscle cells (SMCs), upregulation of matrix degrading enzymes, degradation of elastin matrix fibers, and compromise in SMC-
elastin signaling homeostasis. Here, we investigate the benefits of exogenously delivering NO cues to regulate cell proliferation, matrix 
synthesis and deposition (glycosaminoglycans, elastin, desmosine), lysyl oxidase enzyme, and cytokines/ chemokines release by adult human 
aortic aneurysmal SMCs (AA-SMCs) within 3D biomimetic cultures, using biochemical assays, western blot analysis, RT-PCR, and cytokine/
chemokine assays. Adding GSNO marginally suppressed AA-SMC proliferation and promoted multi-fold increase in total protein deposited in 
cell matrix compared to controls (p < 0.01). Significantly higher tropoelastin and sGAGs were released and deposited as matrix within 3D 
cultures, compared to controls. GSNO induced 2.5-fold increase in LOX activity within 3D cultures, which is encouraging from a tissue 
engineering and in situ elastin regeneration standpoint within aneurysms. Elastin gene expression in adult AA-SMCs in the presence or absence 
of NO was significantly lower compared to healthy aortic SMCs. iNOS and TIMP-1 amounts were enhanced within 3D cultures receiving GSNO, 
and comparable to that noted in healthy SMC counterparts. Base-level expression (i.e., 0 nM GSNO) of fibrillin-1 gene in AA-SMCs was 
modestly higher compared to their healthy counterparts. Results attest to the benefits of delivering 100 nM NO cues to suppress AA-SMC 
proliferation and promote robust ECM synthesis and deposition by adult human AA-SMCs, with significant applications in tissue engineering, 
biomaterial scaffold development, and drug delivery.
 
 References: Simmers P, Gishto A, Vyavahare N, Kothapalli CR. Tissue Eng Part A. 21, 1455, 2015.
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The knowledge of the correlation between arterial pulse-wave-velocity (PWV) and endothelial wall shear stress (WSS) is of great relevance to 
understand the interaction of arterial stiffness and pathologic flow patterns (e.g. low/oscillatory WSS) in vascular diseases. Non-invasive 
measurements of these parameters using flow Magnetic Resonance Imaging (MRI) in vivo are challenging due to long measurement times and 
limited spatiotemporal resolution. At this point, tissue engineering poses a potential alternative to conventional animal studies since tissue-
engineered arteries have physical properties similar to native arteries and enable the study of pathologies in controlled environments.
 
 In this work, we combined non-invasive ultra-high field MRI with Tissue Engineering using carotid artery models, cultured in a modular 
bioreactor-platform in order to create a potential in vitro test system for atherosclerosis research and a suitable tool for ex vivo and in vitro 
studies of arterial elasticity and hemodynamics.
 
 A 3D-printed tissue chamber, suitable for MRI measurements and long-term culture of arteries, was developed and connected to the 
bioreactor platform with adjustable flow/pressure rates and definable pump frequencies. Flow and morphology measurements of carotid 
arteries were performed using radial 4D Phase-Contrast-MRI. Local PWV was determined using the Q-A method. WSS was derived from the 
3D-velocity gradients at the vessel wall. 4D flow dynamics (volume + peak flow, PWV and WSS) as well as 3D vessel wall morphology were 
obtained from one single measurement. Furthermore, the obtained WSS values were separated into all three components (longitudinal, 
circumferential and radial vectors), allowing the accurate analysis of WSS patterns and their potential correlation with plaque development and 
stiffening in the whole artery. 
 
 To create tissue engineered arteries with physical properties similar to native ones, we furthermore developed a gentle decellularization 
method for porcine carotid arteries, enabling the recellularization with human vascular cells and the creation of atherosclerotic artery models in 
future studies.
 
 These tissue engineered arteries, combined with the fast and non-invasive flow quantification setup, offer the possibility to examine the effects 
of specific biological modifications on the physical, flow-dynamic properties as well as changes in vessel wall morphology and vice versa in a 
fully controllable environment.
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Technology (BK21 Plus), Pukyong National University, Busan 48513, Korea，3Department of Pharmaceutical Engineering, Soonchunhyang University, 22 Soonchunhyangro, Shinchang-myeon, 
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In this randomized, placebo-controlled, double-blind study, we evaluated the antihypertensive effects of enzymatic hydrolysate from Styela 
clava flesh tissue in patients with type 2 diabetes mellitus (T2DM) and hypertension. S. clava flesh tissue hydrolysate (SFTH) (n = 34) and 
placebo (n = 22) were randomly allocated to the study subjects. Each subject ingested two test capsules (500 mg) containing powdered SFTH 
(SFTH group) or placebo capsules (placebo group) during four weeks. In the SFTH group, systolic and diastolic blood pressure decreased 
significantly 4 weeks after ingestion by 9.9 mmHg (P < 0.01) and 7.8 mmHg (P < 0.01), respectively. In addition, the SFTH group exhibited a 
significant decrease in hemoglobin A1c with a tendency toward improvement in homeostasis model assessment of insulin resistance, 
triglyceride, apolipoprotein B and plasma insulin levels after 4 weeks. No adverse effects were observed in other indexes, including biochemical 
and hematological parameters in both groups. The results of our study suggested that SFTH exerts a regulatory, antihypertensive effect in 
patients with T2DM
 and hypertension.
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	 03-P307	 Cardiomyogenic Differentiation of Mesenchymal Stem Cells Using Inducing Agents and an Anisotropic Scaffold 

Maria Christine Tankeh Asuncion，Siew Lok Toh，James Cho Hong Goh
National University of Singapore

Mesenchymal stem cells (MSCs) have been identified as a potential cell source for cardiac tissue engineering because of their plasticity, ease of 
harvest & isolation relative to other cell sources and ability to be utilized for both autogenic and allogenic transplants.  They are highly 
proliferative and can be maintained in a simple culture medium in vitro without any karyotype alterations for several passages.  The ability to 
differentiate MSCs into cardiomyocytes is recently being investigated because of their promising advantages as a cell source.  In this study, 4 
inducting agents (5-azacytidine, zebularine, endothelin-1 and ascorbic acid) were tested for their potential to chemically induce porcine bone 
marrow-derived MSCs into the cardiomyogenic lineage either alone or in combination with another.  Using immunocytochemistry and relative 
gene expression studies done using RT-PCR, zebularine was identified to be the best inducing agent among the cocktails tested due to the 
upregulation of early cardiac markers (cx3, tbx5, desmin), outperforming the most commonly used agent, 5-azacytidine.  Furthermore, culture 
on anisotropic silk scaffolds fabricated using unidirectional freezing further upregulated the expression of these markers relative to cells 
cultured on tissue culture plates.  It was however noted that the differentiated cells were of an immature phenotype as contractile proteins 
(MHC, mlc2v, cardiac actin, troponin T, cardiac troponin I, actn2) characteristic of mature cardiomyocytes were not expressed.  Nevertheless, 
the appropriate degree of differentiation necessary for transplanted cells is still under debate.  The choice of using of porcine cells in this study 
promotes utilizing larger animal models in cardiac studies as pigs have been identified as a better model than the usual small animal models 
like mice and rats.   
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4D phase contrast (PC)-MRI is a non-invasive tool for the assessment of cardiovascular hemodynamics and Wall Shear Stress (WSS) to study 
vascular functions in vivo and is highly valuable for the investigation of tissue-engineered vascular implants in animal models . Major limitations 
of conventional triggered methods are the long measurement times needed for high-resolution data sets and the requirement of stable ECG 
triggering. 
 
 In this abstract we present an advanced method based on a self-navigated 4D radial PC-cine FLASH acquisition that enables high-resolution 
(100 μm)3 flow measurements of the complete aortic arch in 32 minutes. 4D-flow  dynamics,  aortic  cross  sectional  areas,  longitudinal,  
circumferential  and  radial  wall  shear  stress  components  as well as the oscillatory  shear  index  (OSI) can be determined from the acquired 
data. The use of retrospective reconstruction and self-gating enables a very flexible data analysis and increases the robustness since 
prospective ECG triggering is no longer needed.
 
 All data were acquired on a vertical 17.6T small animal MRI scanner. 4D flow and WSS was measured in the aortic arch of 12-weeks-old wild-
type C57/BL6J mice (n=7) with a radial 4D PC-MRI sequence. Flow measurements were conducted without triggering during free breathing and 
required a total scan time of 32 minutes. After segmenting the aortic lumen semi-automatically, time-resolved WSS-components and OSI were 
calculated from the spatial velocity gradients at the lumen surface at 14 locations along the aorta. Mean and median of all 3 WSS components 
as well as the time-resolved WSS and OSI over the whole heart cycle were assessed at 14 analysis planes along the aortic arch. 
 
 We demonstrate the feasibility of fast self-navigated 4D flow and WSS measurements, shown here for the murine aortic arch, with very high 
temporal (30 frames / cardiac cycle) and spatial resolutions (100 μm3). The proposed method does not require ECG signals for motion 
synchronization and hence leads to higher robustness and an improved animal handling. In future applications, this new method is planned to 
be used to study the hemodynamics and WSS in atherosclerotic mouse models as well as animal models of implantation in the field of 
cardiovascular tissue engineering.
 
 This work was supported by grants from the Deutsche Forschungsgemeinschaft (SFB 688, B5)
 and the Comprehensive Heart Failure Center (CHFC).
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	 03-P309	 Drug response of scaffold-free cardiac constructs fabricated using bio-3D printing

Kenichi Arai，Ana Raquel Verissimo，Koichi Nakayama
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Background: One of the key aspects of drug development is toxicity testing. Our aim was to develop a 3D bioprinting system able to produce 
cardiac constructs for drug testing, as well as a possible alternative to tissue transplantation in the future. Cell spheroids were printed onto a 
needle array according to the desired 3D design. Here, we present the method for fabrication of cardiac constructs using iPS-derived 
cardiomyocytes and drug response. Materials and Methods: Cardiomyocytes derived from human iPS cells (iCell), Human Umbilical Vein 
Endothelial Cells (HUVECs) and Normal Human Dermal Fibroblasts (NHDFs) were mixed and seed into ultra-low attachment 96 U-well plates 
to make cardiac spheroids. These were used to make cardiac tubular constructs, by means of a 3D-Bio printer (Regenova; Cyfuse Biomedical 
K.K. Tokyo, Japan). The constructs were cultured on needle arrays in bioreactor for 7 days, after which they were treated with isoproterenol 
and the drug response was evaluated. For that purpose, the movement of the top of the needle array was recorded and analyzed. Results: 
Spheroid fusion and contractibility of cardiac tubular constructs were observed after fabrication, on the needle array. Immediately after the 
addition of isoproterenol to the printed tubular cardiac constructs, the movement of the needle array has increased. In addition, the beating 
rate of cardiac constructs has also increased, compared to the initial state, before the addition of isoproterenol. 30 min after the removal of 
isoproterenol, the movement of the needle array returned to the initial base levels. These results indicate that the tubular cardiac constructs 
are able to display reversible drug response Conclusion: We have successfully fabricated tubular cardiac constructs and evaluated their 
response to isoproterenol. In future work, these constructs will be used to test new drugs being developed to treat cardiac diseases.
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Engineered three-dimensional (3D) tissues have the potential to be used in regenerative medicine or in vitro screening. Advancements in the 
development of engineered cardiac tissue show promise considering the global impact of cardiovascular diseases and the recent progress in 
methods of deriving cardiomyocytes from iPS cells. In view of increasing needs for the functional evaluation of 3D tissues, noninvasive methods 
for 3D tissue characterization are expected to play a key role in quality assurance.
 In this study, 3D cardiac tissues were constructed using Layer-by-Layer (LbL) methods. After confirming the initiation of spontaneous beating, 
the structure and function of the cardiac tissues were evaluated using high-speed video microscopy and optical coherence tomography (OCT). 
High-speed video microscopy detects the beating motion at the surface of the cardiac tissue and OCT noninvasively measures its thickness. 
The results suggest that there is a relationship between the speed of the surface beating and the tissue thickness. 
 Furthermore, the tissue internal beating state was analyzed by measuring the maximum contraction speed and the contraction-relaxation 
distance through image analysis of OCT data. In general, the data generated from the motion speed analysis of OCT images are not sufficient 
for quantification because of  difficulties in correlating low frame rate images to real-time beating motion. . To overcome this, OCT images were 
obtained with a high-speed frame rate and the internal beating movements were corrected using the tissue surface movements obtained by 
high-speed video microscopy. Combining these methods, preliminary testing suggests that different speeds may be observed at different depths 
throughout the tissue. These results indicate that tissue thickness and depth information are needed to evaluate 3D tissues. To further confirm 
these evaluation methods, variations in tissue beating were analyzed after drug treatment.
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Rats 

Anton Xu1,2，Michael Anton Seethaler1,2，Kristina Kristina Andelovic2,3，Peter Michael Jakob2，Wolfgang Bauer1,3

1Comprehensive Heart Failure Center, University Hospital of Wuerzburg, Wuerzburg, Germany，2Department of Experimental Physics V, University of Wuerzburg, Wuerzburg, Germany，
3Department of Internal Medicine I, University Hospital Wuerzburg, Wuerzburg, Germany

Although modern interventional medicine decreased deaths by acute myocardial infarction (MI), it has led to an increase in the rate of heart 
failure with consequences ranging from high mortality rate, high medical fees and massive impairments of life quality for MI survivors. While the 
causal events are still hardly understood, it is suggested to be correlated with myocardial inflammation and wound healing processes which 
occur after the MI event. Unfortunately, in some cases this remodeling process leads to a widespread stiffening of the surrounding muscle 
tissue, causing diastolic and systolic dysfunction and ultimately resulting in heart failure. 
 
 Magnetic resonance imaging (MRI) methods provide a non-invasive way to elucidate underlying processes in the inflammation and subsequent 
remodeling of myocardial tissue. The high spatial and temporal resolution in combination with contrast agents such as 19F enables the 
investigation of macrophage movement and fibrosis development over time. By measuring T1 pre and post administration of a contrast agent 
(CA) to determine extracellular volume (ECV) or regional blood volume (RBV) within the region of interest, we are able to monitor myocardial 
fibrosis in reperfused MI Wistar rats. The change of ratio between ECV and RBV is directly correlated to the quantitative change in the 
connective tissue which is predicted to increase due to fibrosis and ventricle remodeling. Furthermore, by measuring inflammation indirectly 
using 19F to label macrophages, a correlation is established which will also be compared and verified by immunological methods such as flow 
cytometry and histology.
 
 While the importance of a non-invasive powerful diagnostic tool is primarily critical for MI patients, for which conventional surgical procedures 
carry risk or may not be feasible at all, it must also be mentioned that non-invasive methods such as MRI may also prove to be a valuable tool 
to analyze samples and situations in the future of the rapidly advancing field of tissue engineering. 
 
 This work was supported by the Federal Ministry for Education and Research of the Federal Republic of Germany (BMBF Project 01EO1504).
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The heart has a limited capacity for regeneration after ischemic injury or surgical intervention in congenital patients. Human cardiac progenitor 
cells (hCPCs) have the potential to regenerate the myocardium by releasing pro-regenerative and anti-inflammatory paracrine signals such as 
growth factors and exosomes. Cardiac extracellular matrix (cECM) has also been found to be beneficial to regenerating adult hearts post-
infarct when injected directly into the myocardium. Other biomaterials commonly used for cardiac applications lack the complexity and 
specificity of cECM. Additionally, cECM has been shown to induce hCPC differentiation towards a regenerative phenotype, particularly when 
cultured in 3D systems. To this end, we have developed a heart patch with both pediatric hCPCs and cECM which, when attached epicardially 
on the damaged myocardium of pediatric patients, will allow for effective regeneration through release of paracrine factors. The patch was 
generated through a 3D bioprinting methodology, which allows for high degrees of shape and fiber control, as well as target tissue specificity. 
The inclusion of bioactive GelMA (gelatin methacrylate) allowed for high fidelity printing through viscous bioink formation at low temperature, 
followed post-printing by white light radial polymerization to hold the patch shape when reintroduced to physiological temperatures. The 
printed construct had improved printability with the inclusion of cECM compared to printing pure GelMA and showed homogeneous 
distribution of cECM and hCPCs. The patch supported viable and proliferative hCPCs, which in turn upregulate paracrine signal production for 
regeneration, while also having a high degree of swelling and porosity, indicating an effective environment for cell growth and signaling release. 
The patch did not degrade via hydrolysis after several weeks in vitro, allowing for maintenance after implantation, and matched the fibrous 
structure and mechanical moduli of native myocardial tissue, indicating potential effective integration into host tissue during the therapeutic 
period. Through all these factors, the patch showed a high degree of continuous paracrine signaling release, particularly factors for 
improvement of angiogenesis, tissue remodeling, reduction of inflammation, and cardiomyocyte proliferation. Future studies will focus on the in 
vivo testing of the construct for restoration of myocardium and contractile function.
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Bioreactors enable control over physicochemical and physiological parameters useful to organ and tissue engineering. The objective of this 
study was to use a commercial bioreactor platform to investigate the influence of flow rate, pulsatility, stir speed and time parameters for 
whole heart decellularization. The need for advanced cardiac regenerative medicine strategies is founded in the fact that cardiovascular 
disease is now the leading cause of death (31%). The heart is a complex organ with limited regenerative capacity, and transplantation carries 
drawbacks and may not be a viable therapeutic strategy to satisfy population demand. A widespread technique of obtaining a cardiac scaffold 
is whole heart decellularization, which generates an acellular cardiac matrix that can be recellularized using bioreactors. 
 
 This research focused on obtaining a decellularized pig heart, testing different operational conditions and evaluating the influence of different 
parameters on the process. Decellularization fluid composed of 1% (v/v) SDS, was perfused through the bulk tissue of a pig heart by antegrade 
coronary perfusion using the Eva Luxor™ bioreactor (Eva Scientific Ltda.), operating in "decell-mode" with different operational conditions, such 
as flow rate, agitation, regime (constant/pulsatile) and use of recycled fluid. 
 
 In each operational condition, the results of the decellularization process were gradually obtained and evaluated, allowing the analysis of the 
influence of different parameters. The change of parameters, from one set of conditions to the next, was backed up by the results obtained 
from the previous operational conditions. The best results were observed at operational conditions that included agitation (350 rpm) and a 
high perfusion flow rate (500 mL/min). At the end of the experiment, the heart showed typical characteristics of a successful decellularization 
such as whitish coloration, flaccidity, change in size, absence of cells and intact anatomy (such as coronary vessels, observed by the antegrade 
dye injection technique). 
 
 In summary, decellularization parameters play an important role in robustly obtaining scaffolds conducive to cardiac regeneration and 
evaluating the process parameters using sophisticated control, monitoring and data-logging systems is an important step in the quest for 
optimization of this technique and its results.
 
 Acknowledgements: Grant #2017/13273-6, #2008/57680-3, #2014/22799-3, São Paulo Research Foundation(FAPESP)
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Fibrosis expansion is responsible for poor long-term prognosis of myocardial infarction. However, understanding on roles of different factors in 
directing local fibrosis expansion has been extremely hindered by the complicated biochemical and biomechanical environment in vivo, which 
is difficult to be decoupled and monitored in animal models. Here, we constructed a three-dimensional (3D) biomimetic model for cardiac 
fibrosis and recreated the dynamic ventricular remodeling process in vitro. Based on the model, we elucidated a possible mechanism for local 
fibrosis expansion, in which the force generated by pre-activated myofibroblasts and transmitted through extracellular matrix (ECM) fibrils 
contribute to neighboring quiescent fibroblasts activation, resulting in far-end infiltration of fibrotic edge. A mathematical model in which only 
fibrous matrix properties, cell generated force and mechanical activation of fibroblasts are involved could simulate the fibrosis expansion 
process of our 3D biomimetic model to a great extent also confirmed the sufficiency of the fibrous matrix transmitted force theoretically. 
Moreover, disruption of collagen crosslinking by BAPN to attenuate force transmission in vivo significantly decrease the rate of fibrosis 
expansion, indicating the importance of fibrous matrix transmitted force in promoting fibrosis expansion, and potentially offering a novel 
therapeutic strategy for cardiac fibrosis.
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Myocardial infarction (MI), one of the major cause of death worldwide, has resulted in the loss of cardiac muscle and left ventricular 
dysfunction. For restoring scarred cardiac tissue with limited self-regeneration capacity, exogenous stem cells should be efficiently delivered by 
various therapeutic strategies such as cell injection, cell patch, and cell sheet engineering. However, needle injecting stem cells would be 
invasive to thinned myocardium with low delivery efficacy due to blood circulation with high pressure of heart. In addition, therapeutic efficacy 
of attaching cell patch or sheet on the surface of myocardium would not be curative for inner endocardium because of epicardium thickness 
and scar. Thus, future therapeutic methods for MI aim the increasing cell retention after injection, which is directly related to efficacy 
improvement. In this work, we proposed a novel stem cell therapy for MI using injectable sticky mussel adhesive protein (MAP)-based 
3-dimensional (3D) stem cell carrier with water (blood or body fluid in vivo)-immiscibility. With high encapsulation efficiency and survival rate of 
encapsulated mesenchymal stem cells, the MAP-based cell carrier could be well-injected and evenly distributed throughout scarred 
myocardium in vivo. Its underwater adhesiveness and biocompatibility fostered the integration between grafted stem cell carrier and damaged 
tissue, resulting in high stem cell retention and maximized paracrine effects. Growth factors and cytokines released from stem cells 
encapsulated in MAP-based cell carrier induced angiogenesis in damaged myocardial tissue, prevented aggrevation of myocardial wall, induced 
contractive force recovery, and prevented remodeling and scar formation, determined by histological, immune-histochemical, and 
echocardiographic analysis. Collectively, novel stem cell therapeutic strategy using MAP-based cell carrier can be potentially applied for 
recovering infarcted cardiac tissue with injured structural and contractive functions. 
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Recently, specific cell sorting techniques are required with the development of regenerative medicine. Here, we report the specific and speedy 
cell detachment system with photo-responsible cell scaffold, fluidic device, and irradiating visible light. 
 Photo-responsible cell scaffold was prepared using gold nanoparticles (AuNP) embedded collagen gel. The acryl fluidic device was coated with 
this gel, and cardiac cells differentiated from human-induced pluripotent stem cell (hiPSC) in the bioreactor1 were transferred and cultured on 
this fluidic device. After 4 days culture, the beating cardiomyocytes on this device were detected by an inverted microscope and detached by a 
561nm laser irradiation with following medium/air replacement. The detached cells were collected by medium injection by a syringe pump.
 The probability of specific detachment of the beating cardiomyocytes is around 90% with medium/air replacement but decrease to 10% 
without medium/air replacement. It is considered that gel surface temperature is rising faster because the heat capacity of air is smaller than 
that of medium. 
 This technique shows 350 beating cells/hour of collection efficiency, and can be expected the applications for regenerative medicine including 
cardiac cell sheet tissues.
 References: 1. Matsuura, K. et al. Biochem Biophys Res Commun 425, 321 (2012).
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	 03-P317	 Heart-on-chip platform to assess the influence of culture media perfusion on in vitro cardiac tissue maturation

Daniela Cruz-Moreira，Alberto Redaelli，Marco Rasponi
Politecnico di Milano

Heart-on-chip technology has gained attention overtime due to its potential to leverage the effectiveness of preclinical trials on drug-induced 
cardiotoxicity screening. However, the major hurdle in modelling cardiac disease remains: cell immaturity [1]. Mechanotransduction has proven 
the crucial role of mechanical forces in regulating cell fate, tissue formation and functionality. Thus, complementing chemical cell manipulation 
with mechanical stimuli appears an attractive approach to recreate in vitro a phenotypically stable cardiac cell population resembling the 
native myocardium [2]. Here a microfluidic platform for the assessment of perfusion on 3D cardiac ventricular microtissues was developed.
 The device design integrates an on-chip peristaltic pumping system, allowing an automated, fine control over flow profiles on side channels 
that flank a central 3D cardiac culture chamber. Cardiomyocytes were embedded in fibrin gel, seeded in 3D in the microfluidic platform and 
cultured for 7 days under different profiles of medium perfusion. Maintenance of cell viability was monitored by Live/Dead assay along time at 
different flow conditions. The effect of perfusion on contractility was assessed by analysis of autonomous beating profile, specifically beating 
rate and beating velocity. Effects on electrical functionality regarding excitation threshold and maximum capture rate was assessed as well. 
Cell-cell communication was evaluated through quantification of gap junctions. Static conditions were used as control. 
 Cells cultured on the microfluidic platform showed high viability after 7 days in culture. After one day in culture, autonomous synchronized 
beating was observed on perfused cultures, while static condition was quiescent. Perfused cultures showed an increased presence of gap 
junctions, and enhanced functional and electrical maturity.
 The integration of a peristaltic pump on chip represents an attractive approach as compared to traditional bulky electro-mechanical off-chip 
fluid handling systems. Dynamic flow facilitates the nutrient and metabolites exchange, resembling the native environment of the heart.
 Acknowledgements: This work was supported by the European Commission within the Horizon 2020 Framework through the MSCA-ITN-ETN 
European Training Networks (project number 642458).
 References: [1] Vunjak-Novakovic et al., Tissue Eng Part B Rev 16 (2010); [2] Marsano et al., Lab Chip (2016)
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Myocardial infarction is one of the leading disease causes significant morbidity and mortality worldwide. Cardiac regenerative therapy has 
progressed from delivering simple suspensions of cells or molecules to more advanced biomaterial scaffolds. Hydrogels with incorporated cells 
is promising new therapeutics for patients with damaged and ischemic myocardium. 
 In our previous work, we presented synthesis of new hyaluronan derivative (HA-PH-RGD) bearing both hydroxyphenyl moiety and RGD cell 
adhesive sequence. The system is capable to form covalently crosslinked hydrogels by horseradish peroxidase (HRP 0,2–0,5 U/ml) mediated 
reaction. Crosslinking reaction is initiated by addition of highly diluted H2O2 (0,5–1,7 mM)1 2

 To achieve therapeutic effect, high number of stem cells (20·106 of human Adipose Derived Stem Cell ADSC) was incorporated into the 
hydrogel. Developed material was combined with unique implantable device3 (patch-like substance carrier) adapted for the locationally 
accurate delivery and administration of substances onto the surface of the heart.
 Viscoelastic and mechanical properties of hydrogels were evaluated for homogenization machine (Benchtop type) and application part of 
implantable device. Cell viability and distribution through the implantable device was evaluated in vitro.
 There were no statistical differences between the elastic modulus G´, Young’s modulus Y and swelling coefficient Q for the hydrogels 
prepared by the application part of implanted device compared to homogenization machine (Benchtop type).
 20 million ADS cells per ml of hydrogel were successfully incorporated into the matrix. Average cell viability in hydrogel was 76 %. No 
significant difference in cell distribution through the implantable device was observed.
 Described scaffold was suitable for incorporation of high number of cells which is required to regenerate heart tissue after myocardial 
infarction. HA-PH-RGD based hydrogel can be applied into the implantable device and used for in vivo study.
  References:
  1. Wolfova L. et. al., WO/2013/127374, 2013.
  2. Pravda M. et al., J. Tissue Eng. Regen. M. 8:359-359, 2014
  3. Wildhirt S. M. et. al., EP3115023 A1, 2017
  Acknowledgments:
 This work has received funding from the European Union’s Seventh Framework Programme for research and technological development and 
demonstration under Grant Agreement no. 604531 (AMCARE).
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To date, research on heart development has focused on generating cardiomyocytes (CMs) with the goal of cell transplantation to cure 
myocardial infarction. In recent years, engineering of myocardial tissue rather than a pure CM population to study cardiac function and 
transplantation potential has become more prominent. However, using mainly primary tissue or human iPSC-derived CMs in combination with 
HUVEC and/or fibroblasts, such models do not represent the human physiological system very well. 
 Here, we aim to construct human heart-like tissue by combining a series of human iPSC-derived cells including CMs, endothelial cells and 
epicardial-like cells or cardiac fibroblasts. Directed differentiation of human iPSC enables cardiac cell generation from a common progenitor 
pool (pre-cardiac mesoderm), which represents human heart development further increasing the correlation with human tissue. Moreover, the 
possibility of genetically engineering iPSCs easily can be used to generate novel disease models. Because 3D cell culture systems permit us to 
mimic the physiological state more closely than common 2D-monolayer culture systems, we cultured cardiac cells in 3D via two unique 
approaches: (i) organ bud formation using mesenchymal stem cells; and (ii) spheroid formation via cell aggregation. Furthermore, we generated 
various reporter cell lines to characterize each cell type. CMs could be easily identified by MYH6 promotor-driven eGFP expression, while 
sorted cardiac endothelial cells were derived from iPSCs constitutively expressing fluorescent proteins (i.e. mCherry, BFP). Taking advantage, 
self-patterning of cells can be tracked and cellular behaviour at the transcriptional, translational and epigenetic levels will be analysed.
 Further research on spheroids representing the other layers of the heart will enable us to gain more insight into unexplored heart tissues. 3D 
bioprinting is a technique that allows scaffold-free controlled arrangement of spheroids. During human development, the heart forms a tube 
structure. Mimicking this state using 3D bioprinting is expected to aid in comprehending human heart developmental stages better.
 
 References:
 1. Takebe T, Enomura M, Yoshizawa E, Kimura M, Koike H, Ueno Y, Matsuzaki T, Yamazaki T, Toyohara T, Osafune K, Nakauchi H, Yoshikawa 
HY, Taniguchi H. Cell Stem Cell, 16(5):556-65, 2015
 2. Itoh M, Nakayama K, Noguchi R, Kamohara K, Furukawa K, Uchihashi K, Toda S, Oyama J, Node K, Morita S. PLoS One, 10(9): e0136681, 
2015
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Over the last years, microfluidic Organ-on-a-Chip (OoC) systems evolved from a conceptual idea to a feasible alternative for animal models. 
OoCs combine human induced pluripotent stem (iPS) cells with microfabrication technologies to create microphysiological in vitro models 
featuring human genetic background, physiologically relevant tissue structure and “vasculature-like” perfusion. As cardiovascular diseases 
constitute a dominant cause of death, engineered cardiac tissues are intensively investigated, resulting in the emergence of a variety of Heart-
on-a-Chip systems. Those systems are able to create viable, functionally beating 3D microtissues and study their reaction onto different 
administered drugs.
 However, most of these systems lack the ability to analyze the integrated tissues in a quantitative way. Current models optically determine the 
beating rate, thereby gaining a temporal contraction profile, but fail to exactly determine twitch forces, being the most important characteristic 
of cardiac tissues. Other devices make use of micropillar arrays to determine an exact force distribution with the disadvantage of influencing 
the tissues’ environment by introducing additional artificial elements.
 We present a novel integrated device enabling the parallelized cultivation of human cardiac microtissues and simultaneous characterization of 
their traction forces in a physiological, precisely controlled structure and environment. By combining Traction Force Microscopy (TFM), which is 
already widely used as a standard for studying traction forces on a cellular level, with microfluidic OoC-systems, we are able to extract 
information about spatial and temporal contractile forces in cardiac microtissues in situ. A deformable bottom layer of known elastic properties 
is integrated into the microfluidic chip system and its tissue-induced deformation is mapped by help of minimally invasive fluorescent beads.
 We highlight that the presented system utilizes a next-generation cell loading technique enabling tissue generation devoid of air bubbles and 
allowing exact aliquoting of iPS cell-dervied cardiac cell types for the creation of multiple cardiac tissues in parallel. The developed system 
enables the multiplexed automated analysis of contractile forces in many individualized cardiac tissues for drug testing, hence bridging the gap 
from bare tissue creation to viable big data collection and can be regarded as universal system, also applicable to other tissue types.
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BACKGROUNDS: Torsade de Pointes (TdP) is a life-threatening arrhythmia that compromises clinical health care and drug discovery. Simple 2D 
cell culture system was insufficient to reproduce actual occurrence of TdP. Here we show an in vitro TdP model using hiPSC-derived cardiac 
tissue sheets (CTSs). 
 METHODS & RESULTS: With the use of temperature-responsive culture dishes, we prepared CTSs as a 3D structure with 5-6 of cell layers that 
contained a mixture of hiPSC-derived cardiomyocyte (CM) and non-cardiomyocyte populations. We simultaneously monitored the extracellular 
field potential (EFP) with a multi-electrode array and the cellular contractile movement with a live cell imaging system. Upon treatment of an IKr 
channel blocker, E-4031, CTSs exhibited TdP-like tachyarrhythmia not only as a typical polymorphic EFP pattern but also as the reentrant spiral 
wave propagation accompanied by meandering of the spiral wave center which is a characteristic of TdP. The induction efficiency of TdP-like 
waveform in CTSs with the mixed cell populations was 80% (12/15), whereas that in CTSs with CM alone was 0% (0/18) (p<0.001). The TdP-
like waveform induction efficiency in 2D culture condition with the mixed cell populations was only 30% (3/10) (p<0.05). These results indicate 
that the heterogeneity of the cellular components and the 3D structure are both essential factors for reproducing TdP-like arrhythmia in vitro. 
We also found that Cx43 expression in CTSs was mainly localized in CMs that results in heterogeneous structure formation. The 3D structure 
seemed to contribute to reduce the excessive deviation in the cellular heterogeneity and provide “appropriate heterogeneity” to be a 
functional reentry center that can move around in the CTSs. Then TdP can be maintained for longer periods. 
 CONCLUSION: We succeeded in inducing and visualizing TdP-like arrhythmia in 3D in vitro model using entirely stem cell-derived human heart 
tissue. This model will broadly contribute to the elucidation of TdP pathophysiology, drug discovery and cardiac safety tests.
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Using a series of novel bioengineered cardiac culture platforms of increasing complexity, we have been investigating whether recapitulation of 
multiscale structural features of the human heart wall can produce functional profiles that more closely model heart function in vivo. We aim to 
create a multifaceted screening system using several core technologies developed by our group to evaluate different aspects of myocardial 
electromechanical function. Specifically, we posited that the use of a targeted set of functional assays in combination with appropriate 
maturation stimuli would provide a more comprehensive understanding of how structural organization regulates myocardial function. 
Nanotopographic microelectrode arrays were used to evaluate electrophysiological function, while nanopatterned cell sheet stacking 
technology was employed to create 3D cardiac patches for analyzing contractile performance. Finally, we developed a tissue-engineered 
tubular ventricle model for assessing pressure generation in a 3D model of the left ventricle. The analysis of multiple functional endpoints using 
separate optimized assays enables more detailed analysis of how cellular and tissue level organization contributes to the development of 
electromechanical profiles in heart tissue. The development of such models not only provide new information on the role of structural 
organization in the development of heart function, but also offers a series of new preclinical platforms for evaluating the effect of specific 
disease states and/or drug treatments on human cardiac performance. The movement from platforms with higher levels of throughput to those 
with higher degrees of biomimicry, transitioning from 2D sheets to 3D sheets to 3D ventricular structures, constitutes a natural “funneling” of 
the preclinical screening process. Drug candidates and disease-relevant phenotypes characterized using simpler multiplexed models can then 
be re-evaluated using systems that offer closer representations of the native tissue, and provide physiological endpoints analogous to those 
monitored in patients. As such, the developed methods for studying maturation and electromechanical function of human cardiac tissue could 
provide the framework for a next generation screening process geared towards replacing animal testing with increasingly physiologically 
representative models of the myocardium.
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Myocardial infarction (MI) induces permanent loss of cardiomyocytes and forms fibrous scar tissues. The nonconductive nature of fibrous scar 
tissues can cause desynchronized cardiac contraction, owing to the electrically uncoupling viable cardiomyocytes in the infarct region. In this 
work, a self-doping conductive polymeric hydrogel (Gel-PAMB) was synthesized by grafting the conductive poly-3-amino-4-methoxybenzoic acid 
(PAMB) on biocompatible gelatin (Gel) and crosslinked by 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide (EDC) in combination with 
N-hydroxysuccinimide (NHS), which can be injected to the MI tissues to support electric conduction, thus improving cardiac function. The 
results of the in vitro study demonstrated that Gel-PAMB facilitated electrical signaling propagation, as confirmed through the calcium signaling 
and multielectrode array analysis. The velocity of electrical signaling propagation was faster and better synchronized for cardiomyocytes on 
Gel-PAMB relative to cells on Gel. Furthermore, The Gel-PAMB was injected into the MI area of rats, and the preliminary in vivo experiments 
showed that a significant improvement of heart functions, such as narrower QRS interval, reduced induced arrhythmia and spontaneous 
arrhythmia, improved conduction velocity, and increased fractional shortening, was achieved compared to Gel treatment. Overall, both in vitro 
and in vivo results clearly suggests that the Gel-PAMB can synchronize cardiac contraction by electrically bridging isolated viable 
cardiomyocytes within the scar tissues, restoring the global heart function.
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Background: Cardiac fibrosis is one of major etiologies in heart failure and development of new medications is crucial. However, assay system 
for discovering new medications mainly depend on animal model in which some drawbacks such as high cost exist and new in vitro assay using 
human cells should be developed. In vitro culture system composed of only fibroblasts cannot evaluate the influence for cardiomyocytes nor 
interaction between cardiomyocytes and fibroblasts. We hypothesize cardiac tissue like structure (CTS) using human induced pluripotent stem 
cell derived cardiomyotes (hiPSCs-CMs) may provide the useful tools for in vitro drug screening.
 Methods and Results: Cardiomyogenic differentiation was induced in hiPSCs to produce cardiac CTS including iPSC-CMs and fibroblasts. After 
stimulation to CTS by pro-fibrotic protein such as TGF-b, expression of Extracellular matrix (ECM; Collagen type I, Collagen type III, Fibronectin) 
and proteases (MMP-2) was significantly increased, as assessed by real-time PCR and immunohistochemistry. In addition, treatment of TGF-b 
decrease the cardiac contractile/relaxation velocity (without vs with TGF-b; 27.4±6.1 vs. 20.9±4.3, 8.4±3.0 vs. 3.9±1.5µm/sec, respectively; P 
<0.05) as assessed by image-based motion analysis. Furthermore, we analyzed whether CTS could response to anti-fibrotic factor, HGF. As a 
result, treatment of HGF decreased the expression of ECM and increased the contractile/relaxation property. Finally, we generated the 
different ratio (50, 60, 70 and 80%) of cardiomycoytes in CTS to compare sensitivity to pro-fibrotic stimulation. As a result, the increase of the 
gene expression of fibrotic marker was more abundant in CTS containing 50 to 70% cardiomyocytes.
 Conclusion: CTS generated by iPSC-CM and non-CMs response to both pro- and anti- fibrotic stimulation and have a possibility to propose 
simulated cardiac ECM in vitro, suggesting that this system may provide the useful tool for anti-fibrotic drug screening.
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Background: 
 Although remarkable progress has been made in myocardial regeneration therapy, how to deliver cells to damaged heart less invasively and 
more effectively without cardiac tissue destruction may be crucial in the cellular therapy for heart failure. We hypothesized that culture-free on-
site implantation of allogeneic Adipose-Derived Human Mesenchymal Stem Cell (hADSC) using surgical fibrin glue spray might have impact on 
the recovery of cardiac function in porcine ischemic cardiomyopathy. 
  
 Methods and Results: 
 Most of the hADSC isolated from human fat tissue expressed CD73 and CD90, and were negative for CD31 and CD45, as measured by flow 
cytometry. 
 In graft preparation, fibrin and thrombin solution were prepared using a Manufactured Combi-Set. ADSC (1x108/graft) were mix with fibrin 
solution before implantation, and then they were sprayed over the infarct area of the myocardium to deliver cells. 
 ELISA analysis revealed that ADSC graft secreted various cytokines such as VEGF and HGF in vitro. We induced myocardial infarction in 
porcine model and divided into the ADSC-transplanted groups (A group, n=6) and the control (C group, n=6). At 4 weeks after the 
transplantation, US revealed that A group had significantly greater ejection fraction compared with the C group (54.9±1.5, and 41.0±2.6%, 
P<0.05 respectively) with improvement longitudinal strain and LV reverse remodeling assessed by MRI. NH3 positron-emission tomography 
depicted that coronary flow reserves were 1.5 to 2 times greater in the A group. 
 Histological analysis revealed that the graft had survived for at least four weeks and that the significant reduction in hypertrophy, interstitial 
fibrosis, and higher vascular density in the A group. The mRNA levels of VEGF, b-FGF and SDF-1 in infarct border and remote area were 
significantly higher in group A.
  
 Conclusions: 
 Culture-free on-site implantation of allogeneic ADSC by using fibrin glue spray method could easily deliver allogenic cells to epicardium with 
adequate functional and histological recovery, suggesting that this new cell delivery method have some impacts on cell-based therapy in 
clinical scenario.
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Introduction The success of tissue engineering scaffolds is heavily dependent on their similarity to the extracellular matrix (ECM) of the 
respective organ. In order to construct a sufficiently biocompatible tissue engineering scaffold, it is critical to have a detailed understanding of 
microscopic, three-dimensional structure of the ECM of interest. However to date the structure of the ECM of the heart is relatively poorly 
understood;  
 Here, we provide comprehensive characterisation of the cardiac ECM using decellularized pig hearts.
 
 Materials & Methods Porcine hearts were obtained from adult slaughter-house pigs. Cylinders were cut from the left ventricle, using a standard 
biopsy-punch. These cylinders were decellularized using a SDS/Triton X-100-based protocol.1 Decellularized tissue was characterised with 
regard to its mechanical, swelling, and three-dimensional design properties. Furthermore, tissue was homogenised, made into films, and seeded 
with cardiomyocytes to test for cell attachment. Collagen I films served as a control.
 
 Results Imaging showed an average pore size of 22.9 ± 3.6 µm and revealed the inherent micro-vessel structure. Vessels were imaged over 8 
mm and showed several bifurcations.  The scaffolds showed a significant swelling capability of around 1000% and a compressive modulus of 8 
± 0.4 kPa after 2 hours in water. Films made from homogenised tissue showed increased cell attachment after 2 hours, compared with pure 
collagen films.
 
 Discussion The decellularization protocol used for this study was shown to preserve three-dimensional architecture, with its interconnected 
pore-system and innate vasculature, as well as cell binding sites, showing a higher cell attachment after 2 hours compared with the commonly 
used collagen I. The characterization of the decellularized tissue provided a template for the creation of artificial tissue engineering scaffolds.
 In future work, the properties of engineered tissue should be matched to the range of values characterized here in order to maximize the 
probability of success. 
 
 References
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One of the most important facts for a tissue regeneration based on engineered scaffolds is a proper angiogenesis. Many efforts have been done 
to control angiogenesis, improving it but without obtain aberrant formations as angiomas. We present a bioactivated material capable to 
promote or inhibit angiogenesis despite the presence of highly angiogenic cell source without the exogenous supplementation of angiogenic 
factors. We show how ELR-based hydrogels with functional RGD and REDV sequences will promote cell adhesion and enhance the SVF 
response in terms of in vitro angiogenic factor release and endothelial cell organization, improving also the in vivo angiogenic potential and 
integration with the host tissue.
 2 million human SVF cells were encapsulated in not functionalized (NF) (control group) or RGD-REDV (RR)- based ELR hydrogels and then 
cultured either in static or under perfusion conditions. Constructs were inserted in subcutaneous pockets created in the back of male nude 
rats. DNA analyses were performed. Pro- and anti- angiogenic factors were evaluated by ELISA analyses, production of VEGF was measured, 
histology (H&E) and staining against vimentin, CD31 and CD45 were performed. Quantification of vessel length density (VLD) was carried out. 
Perfusion-culture showed to promote a superior cord-like organization by endothelial cells, so we cultured the SVF cells in perfusion condition 
to investigate the role of hydrogel functionalization and architecture in terms of angiogenic potential and host response in a nude rat 
subcutaneous pocket model.
 The change of the bioactive properties of the ELR hydrogels can on its own significantly modulate the implant interaction with the host and the 
vascularization potential of highly angiogenic cells, as SVF. In our study, we found that the open structure and the functionalization allowed an 
increasing infiltration of host cells with time in vivo and a resorption of the hydrogel without generating a severe foreign body reaction, creating 
new vascular vessels. Although NF hydrogels did not degrade and were not colonized by host cells, no inflammatory reaction was observed 
around the grafts.
 Our study showed how angiogenesis and host integration of the engineered tissues can be controlled by modulating the functionalization of 
the hydrogel alone. The proposed strategy could be easily implemented and adapted to the specific type of tissue/organ regeneration further 
progressing towards a successful regenerative medicine.
 

a91965

	 03-P328	 Design and Development of a Miniaturized Imaging Window for Intravital Nonlinear Microscopy 

Claudio Conci1，Emanuela Jacchetti1，Tommaso Zandrini1，Marta Tunesi1,2，Giberto Chirico3,4，Giulio Cerullo5，Roberto Osellame5，Manuela T. Raimondi1
1Department of Chemistry, Materials and Chemical Engineering Giulio Natta, Politecnico di Milano, Milan, Italy，2Unità di Ricerca Consorzio INSTM, Politecnico di Milano, Milan, Italy，
3Laboratory for Advanced Biospectroscopy (LABS), University of Milano Bicocca, Milan, Italy，4National Institute for Matter Physics – National Council for Research (INFM-CNR), and Department 
of Physics, University of Milano Bicocca, Milan, Italy，5Istituto di Fotonica e Nanotecnologie (IFN)-CNR and Department of Physics, Politecnico di Milano, 20133 Milan, Italy

Introduction: According to the ISO 10993 normative set, new biomaterials must be tested in vivo by subcutaneous implantation. This implies 
remarkable costs, animal use and unethical procedures.
 Intravital microscopy [1] has been used to quantify the foreign body reaction by observing a single animal in multiple timepoints [2], thus 
reducing costs and animals. To this end, specific transparent window chambers and micrometric scaffolds were proposed. However, no device 
providing a specific tracking geometry for repeated analyses exists. 
 In this work we have developed and validated in vivo a miniaturized imaging window (Microatlas) that can be imaged without a percutaneous 
access. It acts as a scaffold for tissue regeneration and allows 3D repositioning.
  Materials & Methods: Microatlas devices were fabricated on glass coverslips via two-photon laser polymerization in a hybrid biocompatible 
photoresist. They consist in micro grids with micrometric cubic pores, acting as scaffolds for cell migration. The spatial repositioning of the 
microscope is assured by polymerized landmarks. Microatlas devices can be paired to a millimetric portion of a biomaterial, sealed and 
implanted. We paired the Microatlas with glass coverslips and implanted in chick embryos.
  Results and Discussion: Confocal microscopy confirmed the tendency of tissue to grow inside the microgrids. Two-photon excitation 
fluorescence acquisitions of non-immunolabelled specimens showed the presence of a thin layer of collagen I. Immunofluorescence analyses 
revealed a commitment of embryonic cells toward the endothelium lineage and the presence of inflammation-related cells. Standard coverslips 
did not induce an inflammatory response.
  Conclusions: Microatlas devices guided the formation of a new tissue and allowed repeated intravital observations of host immune response 
to a biomaterial. These results represent a starting point to optimize the Microatlas to approach the ISO 10993 requirements. 
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Once a material is implanted into the body, an immune reaction is triggered leading to inflammation. Depending on the response of innate 
immune system, this process can lead to healing around the biomaterial or chronic inflammation/ failure. In order to prevent excessive 
inflammation and promote tissue integration after implantation, interactions of the materials with the host immune system must be controlled. 
Macrophages are the main cells involved in the innate immune response. Due to their plasticity they can either be polarized in pro-
inflammatory or pro-healing, anti-inflammatory phenotypes.
 In this study, a cytokines cocktail based on pro-  healing Interleukins2, was developed to polarize incoming macrophages that are mobilized 
after implantation into pro-healing phenotype  to  modulate inflammation and promote tissue regeneration. This cocktail was loaded in  gelatin 
hydrogels1 to develop an immunomodulatory hydrogel. As a proof of concept, this immunomodulatory hydrogel was used as a surface coating 
for 3D printed silicone tracheal patch, used to repair tracheal defects, in order to modulate immune response after implantation. 
 An in vivo study on rats was carried out to evaluate the effect of the coating on the integration of the tracheal patch. Rats were divided in 
three groups of animals:  i) implant, ii) implant coated with hydrogel and iii) implant coated with immunomodulatory hydrogel.
 The stability of the coating on the implant and its ability to release anti-inflammatory cytokines was demonstrated for at least 14 days. It was 
also shown that the immunomodulatory hydrogel significantly decreased the overall inflammation response both on local and systemic levels 
after implantation. The systemic inflammation was assessed with the quantification of pro-inflammatory cytokines in the blood (IL-1 α and β, 
CXCL-1/KV, CCL2/MCP-1) and the local inflammation was estimated with histology.
 With this work, we have demonstrated the ability of our immunomodulatory hydrogel to control the level of inflammation once applied on 
tracheal patch. Such thin coatings can be used to diminish the initial immune response to tissue engineering scaffolds and improve their long-
term integration and functionality.
 
 This project has received funding from the European Union’s FP7 grant agreement No 602694 (IMMODGEL) and Horizon 2020  grant 
agreement No 760921 (PANBioRA).
 
 1. Knop-Marques H, Barthes J et al. ACS Omega, 2, 3, 2017. 
 2. Riabov V et al. Acta Biomateriala, 53, 2017.
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Siglec-1/CD169 identifies a subpopulation of self-renewing macrophages amongst a highly plastic and heterogeneous macrophage family. 
Tissue-resident CD169+ macrophages are mostly strategically positioned in close proximity to vasculature and specialized to capture blood 
borne sialylated pathogens but the immunomodulatory role of these macrophages in blood-stage malaria remains unknown. Herein, we 
exploited CD169-DTR transgenic mouse, which enables specific and efficient ablation of CD169 expressing macrophages across lymphoid and 
non-lymphoid organs in steady state and during Plasmodium infection to unravel their role during malaria. Strikingly, CD169+ macrophage 
deficient mice show accelerated onset of malarial syndromes such as acute lung, liver, kidney injury, amongst others and succumb to infection 
during P. berghei ANKA (PbA) and self-resolving non-lethal P. yoelii (Py) malaria. The observed widespread tissue inflammation in Plasmodium 
infected CD169-DTR mouse was due to failure to restrain parasite dissemination, exacerbated tissue hemozoin deposition, establish 
appropriate pro/anti-inflammatory cytokine milieu suggesting CD169+ macrophages as critical innate regulatory players that curb malaria 
induced inflammation. Henceforth, we show, CD169+ macrophages possess anti-inflammatory attribute and are constant cellular sources of IL-
10 during malarial infection. Further, we not only demonstrate the involvement of CD169+ macrophages in mediating cytotoxic T cell 
responses during Plasmodium infection but also parasite specific antibody responses during Py malaria. Collectively, our results highlight 
previously unappreciated pleiotropic functional virtues of CD169+ macrophages in orchestrating innate as well as adaptive immune responses 
for resolution of infection during acute and severe malaria.
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	 03-P333	 Engineered growth-factors improve wound healing in the non-obese diabetic mouse model of type-1 diabetes
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Diabetes is one of the modern major health scourges and affects more than 350 million people worldwide. 12% of all global health 
expenditures are spent on diabetes and diabetes-related health problems, including chronic non-healing wounds. The treatment of chronic 
non-healing wounds has been estimated to take up 33% of the total amount of money spent treating diabetes [1].
Chronic non-healing wounds are caused by unresolved inflammation in the wound-healing cycle. Clinical application of growth-factors (GFs) has 
failed to improve wound healing, largely due to the amount of GF necessary to apply to the wound, as well as off-target effects caused by GF's 
potential escape into the bloodstream [2, 3]. The Hubbell lab has created engineered growth-factors (eGFs) that contain a heparin-binding 
domain from placental-derived growth factor (PlGF) that binds strongly to multiple extracellular matrix (ECM) proteins [4]. As a result of this 
binding to matrix proteins, eGFs improve wound healing at a lower dose and are retained longer within a wound, compared to wild-type (WT) 
GFs. These eGFs speed wound healing, can be used at lower concentrations, and are safer than WT GFs.
Here we show that several eGFs improve wound healing in the type 1 diabetes (T1D) non-obese diabetic (NOD) mouse model, including 
vascular endothelial growth factor-A (VEGF-A), platelet-derived growth factor BB (PDGF-BB), stromal-derived factor-α (SDFα, CXCL12), and 
heparin-binding EGF-like growth factor (HB-EGF). Several individual eGFs, and combinations of eGFs, improve wound closure and tissue 
regeneration in the NOD skin. 
eGFs also change the cellular milieu of the wound, increasing the number of arginase+ macrophages, amphiregulin+ T cells, decreasing the 
number of neutrophils, and changing the ratio of classically-activated macrophages to wound-healing macrophages. Interestingly, eGF-induced 
changes to the wound’s cellular milieu differ based on the which eGFs are added to the wound, and the timepoint at which the wound is 
analyzed. These differences suggest that each eGF may be improving wound healing by different mechanisms over different stages of wound-
healing. 
These results suggest that eGFs may be a potential therapeutic for chronic non-healing wounds, and also suggest a mechanism-of-action for 
how different eGFs may improve wound healing. 
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While growth factors have a great potential in regenerative medicine, numerous clinical trials have failed to show sufficient safety or cost-
effectiveness, mainly due to the high doses of growth factors required to promote regeneration. One of the challenges when delivering growth 
factors into an injured tissue is to provide a controlled release that will trigger a precise signalling to cells1. 
 In addition, growth factor signalling may be modulated by the inflammatory microenvironment of the tissue in which they are delivered. 
Recently, we have shown that the regenerative capacity of mesenchymal stem cells (MSCs) is inhibited by the inflammatory cytokine 
interleukin-1 (IL-1)2. 
 In the present study, we found that the innate immune response to bone injury via the IL-1 receptor 1 (IL-1R1) signaling axis impairs the 
regenerative capacity of both bone morphogenetic protein-2 (BMP-2) and platelet-derived growth factor-BB (PDGF-BB) in the mouse. 
Mechanistically, we revealed that IL-1 impairs BMP-2 effect via stimulating Smad proteins degradation, which are critical for BMP signalling, 
while PDGF-BB effect is inhibited via dephosphorylation of the key kinase Akt. Then, we thought of co-delivering growth factors with IL-1 
receptor antagonist (IL-1Ra) to stimulate bone regeneration. In order to deliver IL-1R1, BMP-2 and PDGF-BB, we engineered variants to contain 
a sequence derived from placenta growth factor-2 (PlGF-2133-141) that provide super-affinity to extracellular matrix proteins3. Co-delivering low 
doses of the engineered growth factors with IL-1Ra/PlGF-2133-141 stimulated robust bone regeneration in a cranial bone defect and in a femur 
critical-size defect models in the mouse, while growth factors delivered alone had a much lover effect.
 This study highlights the importance of controlling the immune microenvironment in which growth factors are delivered to promote efficient 
regeneration.
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Altered glycosylation of glycoprotein is a common phenotypic change in cancer and inflammation cells [1-2]. Wax-physisorption-kinetics-based 
FTIR (WPK-FTIR) imaging has been developed for investigating the variation level of glycosylation based on physisorption capability between 
glycan attached to glycoprotein on surface of cancerous sample and n-alkanes in the range C20-C34 as glycan adsorbents. WPK-FTIR imaging 
was successfully demonstrated that aberrant glycan of glycoprotein on malignant sample surface exhibited a strong physisorption with longer 
chain n-alkane than those of shorter n-alkanes therein [3-5]. Herein WPK-FTIR imaging was utilized for inspecting the inflammation level caused by 
altered glycosylation of glycoprotein of the glomerulus of rat kidney tissue for assessment of chronic kidney disease status, and n-C22H46, 
n-C25H52, n-C28H58, and n-C30H62 were utilized as glycan adsorbents. The result of WPK-FTIR imaging of the glomeruli revealed a greater 
physisorption with n-C22H46 for rats before treatment of rabbit anti-glomerular basement membrane (anti-GBM) serum than other n-alkane 
adsorbents herein. On the other hand, the glomeruli of rats after treatment of rabbit anti-GBM serum exhibited a greater physisorption with 
n-C28H58 adsorbent than other n-alkane adsorbents herein, as shown in Fig.1. Furthermore, increasing IR absorbance ratio, A22 (n-C22H46 
remain)/A28 (n-C28H58 remain), of glomeruli was observed after treatment of rabbit anti-GBM serum and which was  0.51 ± 0.27, 1.08 ± 
0.58,1.34 ± 0.92 and 2.04 ± 0.85 at the day prior to treatment, day 8 (early inflammation), day 21 (early renal fibrosis), and day 28 (late 
fibrosis and renal fibrosis), respectively. Consequently, we suggested the A22 /A28 of glomeruli should be a signpost of the level of inflammation 
and glomerular fibrosis.
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It is important to understand the influence of immune cells and cancer cells on stem cells in order to improve the safety and therapeutic effect 
of regenerative medicine for cancer patients. We have already developed in vivo imaging technology for transplanted stem cells using quantum 
dots (QDs), which are advanced fluorescent nanomaterials applied to 4K / 8K displays. In this study, the optimal ratio of QDs and cell 
penetrating peptide for labeling cancer cells (A549 cells) and macrophages were determined, and then in vivo fluorescence imaging of QDs-
labeled A549 cells and macrophages. QDs fluorescence derived from A549 cells was confirmed to maintain at least 3 weeks in the tumor site 
of A549 tumor-bearing mice. QDs labeled macrophages were transplanted into A549 tumor-bearing mice through the tail vein, and then were 
succeeded in imaging the accumulation of the macrophages to several organs. QDs labeling and in vivo imaging technology to stem cells, 
cancer cell, and macrophages enabled us to discriminate the accumulation site of each cell due to the difference in fluorescence wavelength of 
QDs. These result suggest that the interaction between immune cells and stem cells and cancer cells can be confirmed and analyzed by the 
fluorescence imaging technology. In the future, we will investigate the influence of cancer and immune cells on stem cells.
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Recently, cell sheets were introduced as new method of delivering stromal cells to damaged tissue. Excessive inflammation however can impair 
the healing response. Previous in vitro studies have shown that mesenchymal stromal cells can modulate macrophage-induced inflammation 
and therefore are promising candidates for cell-based therapies aimed at promoting tissue healing. The goal of the current study was to 
compare the effect of different types of stromal cell sheets on the inflammatory state of macrophages in vitro. 
 We compared the effects of human adipose tissue-derived stromal cell (ASC) sheets, bone marrow derived stromal cell (BMSC) sheets and 
fibroblast sheets on macrophage functional phenotype. These stromal cell sheets were cultured with and without interferon g (IFNg) and tumor 
necrosis factor a (TNFa) to simulate an inflamed environment. Conditioned medium (CM) from these sheets was used to culture human primary 
macrophages for 6 days. The macrophages were analysed using flow cytometric analysis and gene expression. Sheets were examined for their 
production profile, viability and senescence. 
 Macrophages cultured in CM from ASC sheets that we cultured with IFNg/TNFa displayed a higher median fluorescence intensity (MFI) of the 
anti-inflammatory cluster of differentiation 206 (CD206) surface marker than when cultured in CM from BMSC sheets with IFNg/TNFa, and 
expressed more chemokine (C-C motif) ligand 18 (CCL18) and interleukin 1 receptor antagonist (IL1RA) than when cultured in CM from 
fibroblast sheets with IFNg/TNFa. When comparing the effects of sheets without inflammatory stimulus, BMSC sheet CM induced the highest 
transforming growth factor b (TGFB), CCL18, and IL1RA expression. Interestingly, ASC sheets had higher cell viability and less senescent cells 
than BMSC sheets and fibroblast sheets, with and without inflammatory stimulus. Prostaglandin E2 (PGE2), IL1RA, and L-kynurenine were low or 
undetectable without the presence of IFNg/TNFa and increased in all sheets when these cytokines were present but without statistical 
significant differences between sheet types.
 Taken together, ASC and BMSC sheets can stimulate the anti-inflammatory macrophage (M2) phenotype to a better extent than fibroblast 
sheets. It is suggested that ASC sheets might outperform BMSC sheets in an inflammatory situation since ASC sheet CM induced-macrophages 
have more M2 characteristics and ASC in the sheet were more viable.
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A foreign body response (FBR) developing a fibrocellular capsule generally composed of fibroblasts and macrophages is a result of an 
inflammatory response upon implantation of a biomaterial device. In the field of tissue engineering, researchers aim to reduce the FBR.
We, on the other hand, aim to make use of such a response to direct cell migration and tissue formation/plasticity, for regeneration of damage 
tissues using the in vivo bioreactor strategies. Since surface properties of biomaterials are a critical factor in modulating the FBR, we modulate 
initial cell and material interaction by tailoring hydrophilicity and surface topography on polyester urethane acrylate (PEUAc) films. Here, we 
analyzed alteration of polymeric film’s surface chemistry and topography by solvent etching and plasma treatments. High-resolution scanning 
electron microscopy (SEM) and contact angle measurement showed different surface topography and wettability between the different surface 
treated films. Total amount of proteins absorbed by the films were quantified and resulted in an increase in absorption due to the surface 
modifications applied. In vitro studies were performed to evaluate the effect of surface modification using fibroblast and macrophages.
DNA and presto blue assay demonstrated difference in cell proliferation and metabolic activity between the different surface modifications. 
Live/dead assays and methylene blue staining, as well as SEM images confirmed quantitative data.
Focal adhesion analysis through vinculin was performed to further confirm the entity of cell-material interactions and cytocompatibility. 
Cytokine analysis using IL-1β, IL-6, IL-10, MCP-1 and TGF-β1 was done to connect surface properties to pro- and anti-inflammatory (M1 and 
M2) macrophages, showing a correlation between hydrophilicity and topography on M1 and M2 conversion. Finally an in vitro co-culture study 
seeding both macrophages and fibroblasts was done in the attempt to mimic part of initial inflammatory events that lead to a fibrocellular 
capsule formation in vivo.
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Intercellular communication is the first prerequisite for a functional immune surveillance in order to obtain a healthy organism. Mesenchymal 
stem cells (MSCs) are multipotent stem cells that can be differentiated into a variety of cell types, incuding adipocytes, chondrocytes, 
osteocytes, and neuronal cells. These MSCs have been reported to exhibit immunomodulatory effects in many diseases. Many studies have 
reported that MSCs have distinct roles in modulating inflammatory and immune responses by releasing bioactive molecules. Exosomes are 
homogeneous group of nanovesicles with a size of approximately 50-100 nm. Exosomes are cell-derived vesicles present in biological fluids, 
including the blood, urine, culture medium of cell cultures. In this study, we investigated the immunomodulatory effects of mouse adipose 
tissue-derived MSCs (mAD-MSCs), cultured medium of mAD-MSCs (MSC-CM), and mAD-MSC-derived exosomes (MSC-Exo) on LPS-stimulated 
RAW 264.7 cells. We observed that the expression levels of IL-1beta and TNF-alpha were significantly increased in LPS-stimulated RAW 264.7 
cells compared to those in LPS-unstimulated RAW 264.7 cells. Also, these values were significantly decreased in mAD-MSCs/RAW 264.7 cell 
co-culture groups, MSC-CM-treated groups, and MSC-Exo-treated groups. MSCs can modulate the immune system in part by secreting 
cytokines. We observed that immunomodulatory factors such as IL-1beta and TNF-alpha were secreted by mAD-MSCs under co-culturing 
conditions of mAD-MSCs with activated RAW 264.7 cells. In addition, mAD-MSC-derived exosomes exhibited similar immunomodulatory effects 
in activated RAW 264.7 cells. Therefore, our results suggest that mAD-MSCs have an immunomodulatory function through indirect contact. 
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Understanding the mechanism by which mesenchymal stromal cells (MSCs) regulate inflammation can help design efficient therapies for 
inflammatory and auto-immune conditions. We developed an in vitro bioassay to assess the immunosuppressive behaviour of MSCs. We 
assessed the effect of allogeneic Balb/c mouse MSCs on the proliferation of Concanavalin A-activated splenocytes (SPL) in vitro. We compared 
the immunosuppressive potential of the MSC monolayers in the direct (cell-cell contact) vs. indirect (paracrine) mechanism with the SPL. 
Following this we assessed the effect of encapsulating MSCs within Alginate and Fibrin on immunosuppression. In addition, we looked at the 
MSC genes implicated in immunomodulation and how their expression is affected when the cells are encapsulated.
 
 SPL were stained with cell tracker violet dye and added directly to MSCs monolayers or within a trans-well (indirect). Following 72h incubation 
the proliferation of the SPL was assessed in a flow cytometer. For the encapsulation experiments, the MSCs were loaded into alginate and 
prepared as macro-beads or loaded into Fibrin clots. These were co-cultured with the SPL directly for 72h before analysis. The gene expression 
studies were performed on MSCs activated using Tumour necrosis factor-α, Interferon-γ or both and PCR performed on samples isolated 24h 
later.
 
 An almost 99% reduction in proliferation for the direct mechanism vs. ~50% for the indirect was observed. Repeated immunosuppressive 
potential of MSC monolayers was also consistent at ~50% for up to 3 exposures. Alginate was found to be inert while Fibrin showed 
immunosuppressive effects. Both MSC-loaded alginate and Fibrin showed immunosuppressive effect with the latter being much stronger than 
the alginate material albeit not as potent as MSC monolayers. By comparing the effect the biomaterials have on the immunomodulatory 
behaviour of the MSCs the best material and design can be identified for further in vivo delivery of the cells.
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Metals and their alloys have been widely used as implantable materials such as artificial joint prosthesis; internal fixation nails, plates and rods; 
dental implants and stents. Metallosis including adverse reactions to metal debris (ARMD) in hip arthroplasty is a combination of aseptic 
fibrosis, local necrosis, inflammation, or loosening of an implanted device secondary to metallic corrosion and release of wear debris. The 
mechanism of inflammation in metallosis is controversial due to the complexity of the morphology, composition of the wear particles and cell/
tissue responses involved. Metal allergy can partially explain some clinical cases but the causes of many are still unknown. We have recently 
analyzed 285 cases of metallosis from hip replacement. It is identified that five key factors have played an important role in metallosis: (1) wear 
metal nanoparticles; (2) metal corrosion products; (3) macrophages; (4) master cells; and (5) lymphocytes. In the cases of hip arthroplasty, 
there are distinct differences between wear metal particles and metal corrosion products, both are recognized as foreign body invasion and 
induce a battle led by host macrophages, master cells or lymphocytes. Macrophages respond to both types of metal materials by phagocytosis 
and engulfment in all cases with metallosis. Master cells are seen in some cases and located between macrophages/metal particles and blood 
vessels. Lymphocytes are dissociated with metal particles but with more severe clinical manifestation following their infiltration. Consequently, 
it results in large area of cell apoptosis and necrosis, inflammation, fibrosis or pseudotumour formation and failure of the implants. It is still not 
clear of the key mechanism that how inorganic metal debris can induce antigen related adaptive immune responses involving in lymphocytes 
including T and B cells in metallosis. The understanding and solution of the mechanism may ultimately extend the application of metallic 
materials for regenerative medicine due to the unique mechanical property and durability of metals.
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Cell surface engineering has a great potential in cell-based therapies including transplantation, transfusion, and targeted cell delivery. 
Immunological rejection, one of the most challengeable issue for cell-based therapy, is known to be resolved by immunocamouflage. In this 
study, we report a cell surface modification strategy to form an immunoevasive layer via diverse chemical methods, for example, thiol-
maleimide conjugation, tyrosinase-mediated enzymatic reaction, and electrostatic force on cell surface. We have coated chemical moieties of 
glycosaminoglycans(GAGs), such as chondroitin sulfate(CS) and hyaluronic acid(HA), on human mesenchymal stem cells (hMSC). No 
morphological changes have been observed by the cell surface modification of the hMSCs. To evaluate immunoprotection, we performed anti-
CD44 treatment to see whether the antibody can penetrate glycan films and recognize cell membrane antigen inside. Furthermore, when the 
engineered hMSCs were co-cultured with lymphocytes derived from immunocompetent mice, the viability of engineered cells were highly 
preserved compared to the cells without coating layer, suggesting that the cell surface modification effectively protected the cells from immune 
response. With our methodology, varieties of cells are expected to be coated to avoid immune response. Overall, we hypothesize our 
biocompatible and facile cell camouflaging strategy can provide a new platform for clinical applications of engineered-cell therapy.
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Inflammatory bowel disease (IBD) is a chronic, recurrent inflammatory disease of the digestive tract and its incidence is increasing. It is difficult 
to treat the IBD because the reason of its incidence has yet to be revealed. Most of the currently used IBD treatments have many limitations 
because they cause serious side effects. In this study, we used glycyrrhizin that is known to have excellent anti-inflammatory effects. 
Glycyrrhizin, a natural product extracted from licorice roots, can inhibit TLR4 (Toll-like receptor 4) translocation by inhibiting the formation of 
lipid rafts, thereby significantly reducing the LPS (lipopolysaccharide)-induced inflammatory response. However, since the half-life of glycyrrhizin 
is very short (6 h), here it was chemically conjugated with chitosan for enhancing glycyrrhizin effect onto the intestine and in the bloodstream. 
This chitosan-glycyrrhizin conjugate made self-assembed nanoparticle (~100 nm size) due to hydrophilic region of Glycyrrhizin and hydrophilic 
region of chitosan. Glycol chitosan-glycyrrhizin (chitosan-GL) and chitosan oligosaccharide-glycyrrhizin (COS-GL) were prepared to investigate 
cell viability and inflammation inhibition effect according to the molecular weight of chitosan. Both chitosan-GL and COS-GL did not affect the 
viability of non-activated RAW264.7 immune cells and intestinal caco-2 cells. Also, it reduced secretion of TNF-a cytokine from RAW264.7 cells 
(>65%). In addition, LPs-induced damage of tight junction through caco-2 cell monolayer was improved by treatment with chitosan-glycyrrhizin, 
which was caused by modulation of calcium content in the cells. In ongoing study, we will carry out the anti-inflammatory effect of chitosan-
glycyrrhizin conjugates in DSS (dextran sulfate sodium)-induced IBD animal models.
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Monocyte-derived macrophages (MDM), the primary innate immune cells, are essential for tissue regeneration following trauma, which they 
orchestrate by switching from inflammatory to anti-inflammatory phenotypes. However, in many forms of failed tissue regeneration, such as 
traumatic brain injury, myocardial infarction, and chronic skin wounds, MDM become stalled in a prolonged inflammatory phenotype that 
prevents tissue regeneration and exacerbates pathology. Attempts to administer anti-inflammatory MDM to injury sites have failed because the 
wound microenvironment causes MDM to revert to an inflammatory phenotype. Development of a strategy that promotes and preserves an 
anti-inflammatory MDM phenotype may provide a vital treatment for these injuries. Here, we made poly(lactic-co-glycolic acid) particles (0.7-
2.0µm) that are phagocytosed by MDM, stored intracellularly, and subsequently release polarizing molecules to direct MDM behavior. To 
determine the effects of particle properties on intracellular longevity, particles loaded with the model drug Nile Red were coated with chitosan 
to increase surface charge from -20 to 13mV. Negatively charged, uncoated particles were fluorescently detected intracellularly for more than 
15 days in vitro while chitosan-coated particles reduced MDM viability within one week. To explore this platform’s utility to control 
macrophage phenotype, we loaded uncoated particles with Dexamethasone (DEX) because DEX is anti-inflammatory, promotes phagocytosis, 
crosses membranes, and has cytoplasmic receptors. MDM loaded with DEX-particles upregulated the phagocytic receptor CD163 for one 
week in vitro relative to untreated MDM, suggesting that released DEX altered MDM behavior. To examine if DEX-particles could prevent MDM 
inflammatory polarization even in the presence of pro-inflammatory stimuli (lipopolysaccharide and interferon gamma), DEX-particles were 
fabricated with increasing amounts of DEX (0-56% w/w) and administered to MDM. Subsequent treatment with inflammatory stimuli precluded 
inflammatory polarization for up to one week in vitro in the cells treated with 56% w/w DEX particles. This work suggests that exogenously 
loading MDM with particles can generate and maintain anti-inflammatory MDM behavior even in the presence of inflammatory stimuli. Because 
of the ubiquitous influence of MDM on tissue regeneration, this platform for sustained modulation of MDM behavior may have applications 
across an array of pathologies.
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Introduction: Osteoarthritis (OA) is the most common degenerative disease of the joints, leading to cartilage degradation and sclerosis of the 
underlying bone. One of the main hallmarks of OA is the extracellular matrix degradation which promotes inflammation and leads to further 
cartilage loss via an increase in matrix degrading enzymes. Mesenchymal stem cells (MSC) play an important role in inflammation reduction and 
their use for cartilage repair is increasing, due to their proposed aptitude to home, colonize and promote regeneration of injured tissues. We 
designed a new kind of nanoparticles, termed Nano-Ghosts (NG), derived from the cytoplasmic membrane of MSCs. Retaining MSCs’ surface 
properties, NGs are expected to target damaged tissue and lacking internal machinery they are also safer, as drug delivery system, compared 
to synthetic or viral vectors. In this study we demonstrate that NGs can target human articular chondrocytes (AC), cartilage explants and 
prevent inflammation.
 Methods: NGs’ anti-inflammatory effects were studied in vitro, on both TNFα-stimulated and non-stimulated ACs and on human cartilage 
explants ex vivo. Smooth muscle cells (SMC)-NGs were used as a non-mesenchymal control. Targeting was evaluated by flow cytometry and 
confocal microscopy. Anti-inflammatory effect was assessed by qPCR of both cartilage and inflammation markers and ELISA.
 Results: Flow cytometry showed that MSC-NGs target osteoarthritic ACs 2 times more efficiently than SMC-NGs. Moreover, MSC-NGs showed 
4 times higher targeting when ACs were TNFα stimulated. Targeting was confirmed using confocal microscopy and imaging flow cytometry, 
which showed that NPs bound the membrane and penetrated the cells. Similarly, in human explant cultures NGs binding was 5 times higher 
when the explants were TNFα stimulated, confirming the monolayer results. The anti-inflammatory effects were tested on different markers 
such as NO production, IL6 and PGE2 production. Our data showed that NGs reduced inflammation by more than 50% at both RNA and 
protein levels.
 Conclusion: Here, we show proof-of-concept of the use of NGs with intrinsic targeting abilities for targeted cartilage regeneration. Further 
studies will focus on loading the NPs with drugs that can further decrease inflammation and promote cartilage regeneration. NGs could open 
new avenues towards the treatment of OA as a carrier for targeted delivery of therapeutics, such as anti-inflammatory agents and growth 
factors.
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Macrophages have two polarization states pro-inflammatory and anti-inflammatory phenotypes. Anti-inflammatory macrophages have an 
inherent nature to promote tissue repairing and remodeling. Macrophages are differentiated from monocytes circulating in blood. If the anti-
inflammatory macrophages can be accumulated at a target site, it is expected that the regeneration and repairing of the site are promoted. 
This study is undertaken to experimentally confirm this idea of macrophage-assisted tissue regeneration. In this study, SEW2871 of a monocyte 
recruitment agent and pioglitazone of a macrophage polarization modifier were used. A hydrogel system for the two drugs release was 
designed, and the drugs release profiles and the effects of cell recruitment and polarization were investigated.
 Cholesterol was chemically grafted to gelatin. Micelles formation of the cholesterol-grafted gelatin allowed the hydrophobic SEW to solubilize 
in water (SEW-micelles). Poly(lactic-co-glycolic acid) spheres incorporating pioglitazone (pio-spheres) were prepared by the conventional 
solvent evaporation method. To evaluate the macrophages polarization, pio-spheres were incubated with mouse bone marrow-derived 
macrophages. The gelatin solution containing SEW-micelles was closslinked to the gelatin hydrogels incorporating SEW-micelles, followed by 
the addition of the pio-spheres to obtain the gelatin hydrogels incorporating SEW-micelles and pio-spheres (SEW-pio-hydrogels). The in vivo 
and in vitro release profiles of SEW and pioglitazone from the SEW-pio-hydrogels were estimated. After the implantation of SEW-pio-hydrogels 
into a bone defect of rat ulna, the bone regeneration was evaluated.
  The amount of water-solublized SEW changed with the ratio of SEW2871 added initially to the cholesterol-grafted gelatin. The amount of 
pioglitazone incorporated in the pio-spheres was constant, irrespective of the spheres size. Upon incubating macrophages with the pio-
spheres, the IL-10 production and the activity of arginase-1, a measure of anti-inflammatory macrophages, increased. Both the SEW and 
pioglitazone were released in vitro with time from the SEW-pio-hydrogels. The results of animal experiments will be reported.
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Biomaterials for tissue engineering and regenerative medicine applications need careful scrutiny to ensure that the materials do not induce any 
adverse response from the body’s immune system once implanted. Macrophages are known for their foreign body response and polarized 
phenotypes when interacting with biomaterials. Through paracrine signaling, macrophages further regulate the phenotype of fibroblasts to 
fibrotic or non-fibrotic, dictating the eventual host-biomaterial integration. An in vitro testing platform analyzing macrophage-fibroblast-
biomaterial interactions is needed to evaluate how material surfaces modulate the polarization and cell signaling of macrophages in a 
systematic and controlled fashion before in vivo investigation. 
 The primary goal of this study was to complete the first step towards a functional testing platform through characterization of the 
immunological response within THP-1 macrophages induced by a chosen biomaterial, namely, a chitosan-glycol based hydrogel. The glyoxal 
crosslinker concentration was varied to alter stiffness and porosity of the hydrogel so that cellular response – notably macrophage polarization 
– could be evaluated as a function of crosslinker concentration.
 Monocultures of PMA induced THP-1 derived macrophages (M0) were seeded on the surface of chitosan-glycol hydrogels. Glyoxal crosslinker 
concentrations were varied between 0.005% and 0.02% within the in vitro platform over a three day period. M0 cells cultured on tissue culture 
plastic were the controls. Enzyme-linked immunosorbent assays for tumor necrosis factor (TNF)-α and interleukin (IL)-10 secreted proteins, 
confocal microscopy for cell viability, and flow cytometry examining pro-inflammatory M1 (CD16, CD64) and anti-inflammatory M2 (CD 163, 
CD206) cell phenotype markers were performed.
 This study combined multiple analytical tools to profile the immune reaction of macrophages to a chitosan-based hydrogel whilst varying 
crosslinker concentration. Results showed that as crosslinker concentration was reduced, an increased pro-inflammatory response was 
observed from the macrophages. Such a response is likely associated with the alteration of gel stiffness and porosity that are potently 
controlled by crosslinker concentration. The proposed platform will be extended for macrophage-fibroblast coculture and other biomaterial 
testing to help accelerate the design of immune-instructive biomaterials and reduce the number of animals used in experiments.
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Lymphangiogenesis is process of generating new lymphatic vessel in disease such as tumor metastasis and inflammation.1 The new lymphatic 
vessel promotes cancer metastasis and have a key role of dendritic cell (DC) migration for adaptive immunity.2 Since this process is not shown 
in normal physiology, understanding lymphangiogenesis can provide new therapeutic potential. 
 However, the mechanism of cancer metastasis and DC migration remain poorly understood and biophysically relevant three-dimensional 
lymphangiogenesis model is demand for understanding the mechanism.
  Previously, micro-sized platform, called microfluidic platform, was used for three-dimensional in vitro model and that platform was very useful 
for real time monitoring and constructing complex models. However, the platform was hard to incorporate tumor spheroid having hypoxic core 
and had a limitation for biological analysis such as qRT-PCR and western blot.3
  Here, we presented extracellular matrix (ECM) incorporated new macro-fluidic platform for physiological relevant lymphangiogenesis model 
which has lumen structure and button-like junctions. Using this model, we successfully developed tumor microenvironment for tumor 
metastasis applying cancer spheroid which has hypoxic core. Interestingly, vascular endothelial growth factors (VEGFs) combination and 
induced interstitial flow in tumor site facilitate lymphangiogensis and promote cancer metastasis. Furthermore, this platform has a possibility for 
adaptive immune model since DC shows migration to new lymphatic vessel and transmigration through the lymphatic endothelium. Moreover, 
the macro-fluidic platform can be performed biological analysis on chip, such as qRT-PCR, western blot, ELISA, immunostaining and monitoring 
in real time for cell development and migration.
  
 References
 1. Alitalo A, Detmar M. Interaction of tumor cells and lymphatic vessels in cancer progression. Oncogene, 31(42), 4499, 2012.
 2. Card CM, Yu SS, Swartz MA. Emerging roles of lymphatic endothelium in regulating adaptive immunity. The Journal of clinical investigation, 
124(3), 943, 2014.
 3. Kim S, Chung M, Jeon, N L. (2016). Three-dimensional biomimetic model to reconstitute sprouting lymphangiogenesis in vitro. Biomaterials, 
78, 115-128, 2016.
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INTRODUCTION: Joint injuries may result in cartilage defects and inflammation of the joint. When inflamed, the synovium in the knee joint 
secretes factors that stimulate cartilage degradation and inhibit cartilage repair by suppressing stem cell chondrogenesis. Pro-inflammatory 
macrophages residing in the synovium are suspected to contribute to this effect. To improve cartilage repair, joint homeostasis should be 
restored. We aimed to counteract the anti-chondrogenic effect of inflamed synovium by modulating synovial macrophages with the anti-
inflammatory drug Triamcinolone Acetonide (TAA).
 MATERIALS & METHODS: Synovium tissue obtained from osteoarthritic patients undergoing a total knee replacement was cut into small 
pieces and either used to culture as explants or to allow outgrowth of fibroblasts. Explants and cells were cultured with or without 1 uM TAA 
for 72 hours. The anti-inflammatory effect of TAA on gene expression of synovium explants and synovial fibroblasts was evaluated by qPCR. 
Also, the inflammatory surface markers on synovial macrophages were analyzed with flow cytometry. Conditioned medium (CM) from the 
explants was assessed for its effect on chondrogenesis of human bone marrow mesenchymal stem cells (MSC) by gene expression of cartilage 
matrix components.
 RESULTS: TAA significantly decreased gene expression of tumor necrosis factor-alpha (TNFA), interleukin(IL)-1β (IL1B) and IL6 in synovium 
explants and synovial fibroblasts, and increased expression of chemokine (C-C motif) ligand-18 (CCL18), interleukin-1 receptor antagonist 
(IL1RA) in synovial explants. The expression fibrotic gene alpha-SM-actin (aSMA) upregulated following the TAA treatment. On the other hand, 
TAA decreased pro-inflammatory CD14+/CD80+ and CD14+/CD86+ cells in the synovium. The decrease of collagen type-2 (COL2A1) and 
aggrecan (ACAN) expression in chondrogenic MSCs cultured with synovium CM was reduced by treating synovium with TAA during the 
production of the CM. 
 DISCUSSION & CONCLUSION: Reducing synovial inflammation by modulating its residing macrophages with TAA decreased the anti-
chondrogenic effect of synovium on MSC chondrogenesis. This might eventually improve the joint environment for better cartilage repair.
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Tissue functions are dependent of their interactions with the other systems of the body such as blood circulation, nervous network and 
immune system. Resident macrophages in tissues play a role in tissue homeostasis and also provide a mean to re-establish homeostasis 
following tissue damage. As a consequence incorporation of phenotype controlled autologous macrophages in artificial tissues1 can facilitate 
the resolution of inflammation application. In this work, we have elaborated two potential strategies to assist and improve ,via the 
incorporation of phenotype controlled macrophages, the 3D remodelling of an artificial soft tissues with gelatin hydrogels2 containing 
fibroblasts and/or endothelial cells i) with supplementation of IL-4 in the presence of macrophages and ii) in tri-culture via incorporation of 
naive monocytes or differentiated macrophages. IL-4 supplementation had a boosting effect on fibroblast proliferation with significant 
upregulation of secretion of  activin, IL-1RA, TNF alpha and IL-1beta   in the presence of differentiated macrophages. IL-4 supplementation in 
endothelial/macrophage co-culture condition accelerated the organization of the capillary sprout-like structures and increase the rate of 
proliferation at day 1. At the earliest stage of culture, an up-regulation of certain cytokines such as IL-6, IL-1RA in the presence of differentiated 
macrophages was observed thus creating a favorable microenvironment for angiogenesis. The incorporation of either naïve monocytes or 
macrophages with fibroblasts and endothelial cells in a tri-culture configuration have led to denser, tissue like structures with highly degree of 
hydrogel remodelling. In the condition of tri-culture with differentiated macrophage, we have observed an upregulation of angiogenic cytokines 
such as IL-6, IL-8   without additional IL-4 supplementation. This work have proved that incorporation of phenotype controlled macrophages in 
a resident macrophage-like function had significant effects on the maturation and cytokine microenvironment of 3D cell type-laden hydrogels. 
This approach can be used to improve the integration of tissue engineering scaffolds and also for the development of more relevant in vitro 
tissue models. 
 
 This project has received funding from the European Union’s FP7 grant agreement No 602694 (IMMODGEL) and Horizon 2020  grant 
agreement No 760921 (PANBioRA)
 
 
 1. Dollinger C et al. JTERM, 2017
 2. Knop-Marques H, Barthes J et al. ACS Omega, 2, 3, 2017. 
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A promising approach in tissue regeneration is the use of biomaterials possessing bioactive components that control the new tissue formation. 
While an optimal environment with moderate inflammatory signals presents a key feature in initiating healing process, an exacerbated and/or 
chronic inflammation may hamper tissue repair. Amalgamation of organic and inorganic materials for use in bone regenerative medicine has 
drawn lots of attention due to their great potential. Using a new and straightforward method based on simultaneous spray coating of 
interacting species process, we designed a bioactive organic/inorganic substrate made of chitosan (CHI) and hyaluronic acid (HA)/ calcium 
phosphate (CaP). The resulting CaP-CHI-HA substrate boosts the early stem cell differentiation into osteoblast-like lineage, maintains stem cell 
paracrine production of osteoprotegerin, and induces paracrine secretion of angiogenic growth factors (VEGF and bFGF). However, 
understanding the interactions between CaP-CHI-HA and monocytes/macrophages was not investigated so far. Therefore, we studied the 
influence of CaP-CHI-HA on monocyte behaviour and elucidate the possible underlying mechanisms. Using THP-1 cells, cytocompatibility of 
CaP-CHI-HA was firstly monitored by WST-1 assay, DNA quantification and intracellular accumulation of reactive oxygen species (ROS). The low 
metabolic activities and DNA content of THP-1 on CaP-CHI-HA in addition to the absence of an increase of intracellular accumulation of ROS 
compared to LPS positive control confirmed the biocompatibility of the build-up substrate. Adhered THP-1 on CaP-CHI-HA substrate exhibited a 
sub-membranous F-actin localization with a prominent and abundant distribution of vinculin throughout the cytoplasm and the membrane. In 
contrast, on LPS control, F-actin was mostly arranged as spike-like protrusions and protruded the cell membrane with vinculin evenly localized 
at peri-nuclear region. In contact with CaP-CHI-HA substrate, THP-1 increased the secretion of pro-inflammatory cytokines as IL-6 and IL-8 
(p=0.042 and p=0.026, respectively, Mann Whitney test); concomitant with an increase in the secretion of IL-10 anti-inflammatory cytokine 
(p=0.02, Mann Whitney test). In conclusion, the present results showed that the CaP-CHI-HA seems to activate monocytes commitment into an 
inflammatory profile with an important secretion of IL-10 cytokine; which plays beneficial roles at certain stages of tissues healing and repair.
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All implantable biomedical systems face several risks once in contact with the host tissue: excessive immune response to the implant and 
development of bacterial biofilms. A multifunctional surface coating that can address all these two issues concomitantly would significantly 
improve clinical outcomes. We hypothesized that polyarginine (PAR), a synthetic highly cationic polypeptide, can act on macrophages to 
control innate immune response because arginine is an important component of macrophage metabolism. Moreover, PAR is susceptible to act 
as an antimicrobial agent due to its positive charges. We developed a new polyelectrolyte multilayer films based on PAR and hyaluronic acid 
(HA). The layer-by-layer PAR/HA films have a strong inhibitory effect on the production of inflammatory cytokines released by human primary 
macrophages subpopulations (1). This could reduce potential chronic inflammatory reaction following implantation. Next, we show that PAR/
HA films were very effective to inhibit Gram- positive and Gram-negative pathogenic bacteria associated with infections of medical devices. We 
demonstrate that exclusively films constructed with poly(arginine) composed of 30 residues (PAR30) acquire a strong antimicrobial activity (2). 
Moreover, changing HA by another synthetic or natural polyanion did not provide any more antimicrobial activity (3). The cytocompatibility of 
the PAR/HA films was assessed with several cell types playing a major role in tissue engineering. This all-in-one system that limits strong 
inflammation and prevent pathogen's infections on implants constitutes an original strategy easy to scale up.
  References
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Clinical interventions following myocardial infarction (MI) are limited in efficacy due to the limited proliferative capacity of post-mitotic, adult 
mammalian cardiomyocytes, which are depleted in large quantities during MI events. However, potent cardiac regeneration in neonates and 
limited cardiomyocyte proliferation in aged individuals following MI has been observed. This neonatal cardiac regeneration is not holistically 
dependent on non-terminally differentiated cardiomyocytes but is also dependent on the macrophage populations present in the tissue. 
Cardiac macrophages are derived from three unique sources and colonize cardiac tissue during distinct periods of development. However, the 
factors governing the maintenance and recruitment of these macrophages in aged individuals remains unclear. The local microenvironment 
composed of extracellular matrix (ECM), growth factors, chemokines, and numerous additional soluble factors plays a substantial role in 
determining macrophage development and phenotype. Thus, this study sought to examine the potential role cardiac ECM aging plays in 
altering macrophage phenotype and functionality. A decellularization protocol was optimized to isolate murine cardiac ECM. Biochemical and 
DNA quantification assays were performed to confirm decellularization. Bone marrow derived macrophages isolated in culture were exposed 
to either young or aged cardiac ECM degradation products. Following 24 hour ECM exposure, macrophage nitric oxide production and gene 
expression levels were assessed at baseline and following exposure to canonical M1 or M2 polarizing cytokines. Macrophages exposed to 
aged cardiac ECM degradation products exhibited increased nitric oxide production compared to young ECM-exposed groups, a functional 
response exhibited in pro-inflammatory macrophages. Additionally, qRT-PCR analysis revealed several alterations in gene expression following 
ECM exposure with subsequent cytokine polarization. These results indicate that macrophages exhibit differential responses to young and aged 
cardiac ECM degradation products in vitro. Acknowledgements: NIH T32 EB001026
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β-glucan is a macromolecular substance in which the glucose unit, which is a type of biopolymer, has a β-glycosidic bond at position 1.3. β 
glucan, which is present in mushrooms, was known as a natural immunomodulator without tolerance by enhancing immunity. It has also been 
reported to have anticancer and antioxidant efficacy. β-glucan slightly differs in the structure and physical properties of glucose. Especially 
Grifola frondosa has a structure of β- (1, 3) and β- (1,6) bonds and is different from structure of other medicinal mushrooms. The content of β
-glucan also varies depending on the particle size. However, the content of β-glucan and immunological activity by particle size of Grifola 
frondosa has yet to be fully elucidated. In this study, β-glucan contents were analyzed according to particle size of leaf mushroom. Thereafter, 
cell activation and immunoactivity were measured. The highest β-glucan content was observed at particle sizes of 20-30 μm (27.65 ± 0.30 w 
/ w). All samples showed at least 104% cell activation compared to control and showed the best cell activity at 20-30 μm particle size 
(120.6%). Finally, particle sizes of 20-30 μm further increased the expression of the cytokine over control. This study suggested that the 
optimal particle size of Grifola frondosa could be used as a health supplement foods and food additive such as immune boosters, hypotensive 
agent and hypoglycemic agent.
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The small, leucine-rich proteoglycan decorin is a promising structural component for the bio-functionalization of tissue-engineered scaffolds. 
Recently the enhanced attraction of endothelial progenitor cells was demonstrated [1]. To assess immunological compatibility of human 
decorin in its full recombinant form, we developed in vitro test systems to characterize the interaction of human recombinant decorin with 
different human immune cell subsets to predict compatibility after implantation.
 First, the chemotactic effect of decorin on monocytes and polymorph nuclear cells was analyzed. In addition, the influence of decorin (50 µg/
mL) on the surface marker expression level of activation/differentiation markers (CD16) as well as M1-type (CD80, HLA-DR) and M2-type 
(CD163, CD206) polarization markers on co-cultured monocytes and macrophages was measured by flow cytometry. The potential of decorin 
to modulate low-dose anti-CD3-induced T cell proliferation was analyzed by a carboxyfluorescein succinimidyl ester (CFSE)-based assay. In 
both setups, cytokine secretion was quantified by an enzyme immune assay for IL-10, TNFα, IFNγ and IL-6.
 Human recombinant decorin dose-dependently triggered migration of monocytes and polymorph nuclear cells in chemotaxis assays, with a 
maximum at 10 µg/mL. Monocytes did not up-regulate CD16 in co-cultures with decorin and rather increased expression of CD206, a known 
M2-type macrophage marker. When co-cultured with macrophages, the expression level of CD80, but not of HLA-DR was increased. Moreover, 
secretion of TNFα, IL-6 and IL-10 was induced that was not inhibited by Polymyxin B. In five-days, co-cultures with human peripheral blood 
mononuclear cells (PBMC) revealed, that decorin significantly inhibited the proliferation of CD8+ T cells when compared with the anti-CD3-
triggered control, and reduced the level of IL-10. 
 In conclusion, we developed reliable test systems to analyze the crosstalk of decorin with human immune cells. Decorin can attract 
monocytes as well as polymorph nuclear cells, and influences the macrophage polarization status, which is important for remodeling processes 
of the extracellular matrix. Therefore, decorin could a promising protein for the generation of off-the-shelf biomaterials.
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Introduction: The immune response to scaffold implantation plays a central role in tissue regeneration. Micro and nano sized hydroxyapatite 
particles are widely used for bone tissue engineering applications due their biocompatibility and inherent osteo-inductivity.  Furthermore, it is 
well known that the immune response to these particles strongly depends on size and morphology. The first objective of this study was to 
elucidate the response of primary human macrophages to micro and nano sized HA particles. Furthermore, we sought to determine whether 
macrophages exposed to HA particles can influence MSC differentiation along the osteogenic lineage in vitro. Finally, we sought to characterise 
the in vivo immune response to scaffolds functionalised with different HA particles following implantation into critically sized rat femoral 
defects. 
 Results: We demonstrate that micron sized HA particles preferentially drive M1 macrophage responses, while nanoHA particles polarize 
macrophages towards an anti-inflammatory M2 phenotype. Conditioned media (CM) from nanoHA treated macrophages significantly enhanced 
expression of the osteogenic genes, BMP2 and ALP, in MSCs, while enhanced mineralisation was observed in the nanoHA CM group compared 
to control. Moreover, the enhanced osteogenic gene expression/mineralisation in MSCs was found to be dependent on IL-10 production by 
macrophages.
 Discussion: This work highlights how the innate immune response can modulate stem cell regenerative capacity and emphasises the 
importance of integrating control of the host immune microenvironment into regenerative strategies. Such studies may allow for optimisation of 
biomaterials on the bench prior to clinical trials and furthermore, may act as a predictor of success for implanted devices. This in turn may 
reduce the incidences of devices failing clinical trials and therefore, reduce the economic burden of bringing new devices to market. 
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Alginate encapsulation has been extensively studied to protect transplanted cells from host immune recognition and destruction. Despite 
widespread use, the mechanisms by which alginate encapsulation affects host immune responses to transplanted cells remain unknown. The 
biomaterial field has long suspected that alginate encapsulation blocks contact-dependent direct antigen recognition; however, it is unknown if 
indirect recognition, where donor antigen shed from the capsule is presented and recognized by the host, occurs in these systems.
 
 To explore these mechanisms, we generated an in vitro platform capable of delineating both direct and indirect recognition using ovalbumin 
(OVA) as a model antigen. Cells isolated from membrane-bound OVA (mOVA) mice were used as stimulators and co-cultured with purified 
immune populations of antigen-specific responders (OTI). Proliferation and activation of the clonally-specific OTI CD8+ T cells were quantified 
via flow cytometry, while encapsulated cells viability was assessed by Live/dead and Caspase 3/7 imaging. To mimic direct recognition, 
unencapsulated or encapsulated mOVA cells were co-cultured with purified OTI CD8+ T cells for 3 days. As expected, this purified CD8+ T 
cell population was highly activated by free mOVA cells (> 90% viable, granzyme B+, CD8+ T cells). Alternatively, CD8+ T cells were 
nonresponsive to encapsulated mOVA cells; statistically equivalent to negative controls. To examine if immune cells can respond to 
encapsulated cells via the indirect pathway, this purified CD8+ T cell population was supplemented with cross-presenting dendritic cells 
(CD8+DCs; professional antigen presenter for CD8 T cells), which provides a means for indirect activation of CD8+ T cells. This co-culture 
system resulted in robust activation for both unencapsulated and encapsulated mOVA cells; illustrating that indirect antigen presentation is not 
only feasible but can result in aggressive conversion of naïve T cells to an effector T cell profile.
 
 This work provides a means to examine, in detail, the impact of alginate encapsulation on host immune responses, revealing the possible 
failure mechanisms of alginate encapsulated cell transplant. Also, it establishes an in vitro platform to efficiently screen the immune impact of 
various encapsulation approaches and/or immunomodulatory agents.
 
 Acknowledgments: This work is supported by National Institutes of Health.
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Abstract: The immune response to implanted materials remains a critical challenge for the development of biomaterials used in medical 
devices and regenerative medicine[1,2]. Understanding this response and designing better biomaterials requires a multidisciplinary approach 
involving materials engineering and immunology[3]. Through transformation of the microstructure of bone repair materials, observation effects 
on macrophage polarization direction and function, exploration bone restoration, response and significance of microstructure on the body's 
immune isone of a new direction for bone repair material technology. The goal of our work is based on the forefront of bone repair material 
research and aims at the clinical problem. We designed and fabricated mineralized collagen with different nanostructures and investigated the 
influence of mineralized collagen withdifferent microstructure on osteoblast in microenvironment of bone defect site.Further, the relationship 
between the cells treated by mineralized collagen with different nanostructures and M2 polarization direction will be disclosed. Under the 
conditions of mineralized collagen with different nanostructures regulating the balance of M1 to M2 will be sought, through exploring the 
effects of M1/M2 balance and bone repair. Ultimately, a way to impair pathological inflammation though regulating macrophage function by 
composition composited will be explored,providing new thought for research, development, evaluation and application of newbone repair 
materials.
 Keywords: Immune response, mineralized collagen, M1/M2 polarization
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Chronic inflammatory disease conditions identified in humans are atherosclerosis and osteoarthritis. In the former, inflammatory changes and 
dysfunction of endothelial cells (EC) and in the latter inflammation of chondrocytes trigger the disease. Currently available anti-inflammatory 
drug is hardly effective for reversing  the diseases. Therefore, attention is required to develop novel therapies for these diseases. The anti-
inflammatory property of purified curcumin has been described in literature. However, it has not become therapeutic molecule because of its 
poor aqueous solubility. Efforts to conjugate curcumin with albumin (Curc-Alb) resulted in enhanced aqueous solubility and bioavailability (C 
Thomas et al, 2014).  However, anti-inflammatory property of the conjugate has not been explored. Current study aims to determine the 
optimum & safe concentration that maintain viable cells showing anti-inflammatory effect of Curc-Alb. Human umbilical cord vein endothelial 
cells (HUVEC) and human adipose derived mesenchymal stem cells (h ADMSCs) differentiated to chondrocytes were used to study reversal of 
induced inflammation. Both MTT and proliferating cell nuclear antigen assays estimated safe dose without causing cell death. Fluorochrome-
tagged Curc-Alb internalization was established by qualitative/quantitative assays indicating possible intra-cellular pathways to control 
inflammation. Inflammation induced in both cell types using Interleukin-6 (IL-6), Tumor necrosis factor (TNF-α), Interleukin-1β (IL-1β). The 
inflammatory marker expression was estimated with and without Curc-Alb by qRT-PCR and dose response was established. The results indicate 
that anti-inflammatory property of Curc-Alb could be considered for therapy at safe dose determined. Therefore, regeneration of 
experimentally damaged cartilage using Curc-Alb has been designed with IAEC approval and is in progress. 
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Cellular-based therapies for the treatment of Type 1 Diabetes (T1D), have the potential to restore endogenous glycemic control for patients. 
Yet, the activation of pathogenic T effector (Teff) cells and the subsequent stimulation of allo and auto responses has hindered its applicability. 
Immunotherapies are an attractive approach in regulating local immune responses in clinical transplantation. At the forefront of 
immunotherapies are T regulatory cells (TRegs), a specialized subset of T cells in charge of peripheral self-tolerance and the regulation of 
pathogenic immune responses. We have engineered surface functionalized synthetic materials, for the dual delivery of two potent bio-active 
signals for the local regulation of the immune response: PD-L1, an immune checkpoint pathway involved in TReg balance, and VEGF a potent 
angiogenic factor with possible implications in TReg regulation. Herein, we sought to evaluate the effect of these engineered materials on TReg 
induction in vitro as well as graft acceptance in an animal model of diabetes. In vitro, co-delivery of SA-PD-L1 with VEGF lead to enhanced 
conversion of naïve Teff into Treg cells, in the absence of stimulatory TGF-beta. Furthermore, in vivo assessment of syngeneic pancreatic islets 
co-transplanted with functionalized SA-PDL-1 microgels, led to diabetes reversal in all transplanted animals (n=5); glucose tolerance tests, 
performed 4 weeks post-transplantation, demonstrated glucose clearance rates comparable to naïve animals of the same age, indicating no 
adverse effects of microgels to engraftment. Overall, these results demonstrate the potential of this technology to heighten the performance of 
islet allografts in the absence of chronic systemic immunosuppression.  
 Acknowledgments: The authors acknowledge JDRF, and NIH support 
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The design paradigm of biomaterials has been changed to ones with favourable immunomodulatory effects, indicating the importance of 
accurately evaluating the immunomodulatory properties of biomaterials. Among all the immune cells, macrophages receive most attention, due 
to their plasticity and multiple roles in the materials and host interactions; thereby become model immune cells for the evaluation of 
immunomodulatory properties of biomaterials in many studies. Lipopolysaccharides (LPS), a polysaccharide in the outer membrane of Gram-
negative bacteria, and elicit strong immune responses, which was often applied to activate macrophages, resulting in a pro-inflammatory M1 
phenotype, and the release of pro-inflammatory cytokines, including tumour necrosis factor alpha (TNFα), interleukin (IL)-1, and IL-6. However, 
there is no consensus on how to apply macrophages and LPS to detect the immunomodulatory properties of biomaterials. The lack of scientific 
consideration of this issue has led to some inaccurate and insufficient conclusions on the immunomodulatory properties of biomaterials, and 
inconsistences between different research groups. In this study, we carried out a systemic study to investigate the stimulatory effects of LPS 
with different times, doses, and conditions on the activation of macrophages. An experimental pathway was proposed accordingly for the 
activation of macrophages using LPS for assessing the immunomodulatory property of biomaterials.
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Inflammatory bowel diseases (IBD) are typified by chronic inflammation, loss of epithelial integrity and gastrointestinal microbiota dysbiosis. In 
order to treat these disorders, we used inorganic nitrate, a potent NO donor and microbiota regulator, in a murine model of Dextran sodium 
sulfate (DSS) induced colitis. NaNO3 was pretreated in drinking water for five days and NaCl was used as control. Results showed that oral 
administration with dietary nitrate evidently maintained the consistency of colon, improved the reduced colon length, kept the body weight, 
decreased the apoptosis rate of colon epithelial cells as well as ameliorated the inflammatory infiltration. Faeces were collected for microbiota 
analyses. Microbiota profiling revealed that microbiome compositions in nitrate treatment group are more stable. The present study shed a 
light on the preventive effects of nitrate on the DSS-induced colitis, which may through the mechanism of homeostasis of intestinal flora.
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Liver cirrhosis is defined as irreversible end result of fibrous scarring and involves loss of liver cells. As cirrhosis progresses, more scar tissue 
forms, making it difficult for the liver to function. When cirrhosis is going on, it causes various complications and when continues, cause cancer. 
There are many causes of cirrhosis including viruses, alcohol, and immunology factors. Recent treatment of cirrhosis includes the injection of 
intravenous antibiotics, and liver transplantation is an option of last resort. In this study, we prepared growth factor [hepatocyte growth factor 
(HGF) and/or basic fibroblast growth factor (bFGF)]-loaded in situ gelling alginate (ALG)/hyaluronic acid (HA) hydrogels with a controllable 
gelation rate using CaSO4 as a crosslinking agent and Na2HPO4 as a crosslinking retardation agent. HGF is recognized enhancing hepatocytic 
differentiation and relaxing fibrotic tissue, and bFGF is promoting proliferation and growth of cells. The ALG/HA hydrogels provided sustained 
release of HFG and bFGF immobilized in the hydrogels over 4 weeks. The dual growth factors-loaded ALG/HA hydrogels with different ALG/HA 
ratios were investigated for their in vitro hepatocytic differentiation of adipose stem cells (ASCs) and in vivo animal study using an acute 
cirrhosis BALB/c mice model (direct injection of the hydrogel in the liver cirrhosis site). The growth factors were continuously released from the 
hydrogels for more than 35 days. The dual growth factor-loaded ALG/HA hydrogel showed the enhanced hepatocytic differentiation of ASCs 
compared to the hydrogels with single growth factor loading or those without growth factor (by the analyses of DNA contents, RT-PCT, 
western blot, and immunostaining). For single growth factors, HGF-loaded hydrogel showed better hepatocytic differentiation than the bFGF-
loaded hydrogel. The dual HGF/bFGF-immobilized ALG/HA hydrogel allowed greatly enhanced treatment effect for liver cirrhosis (by the 
evaluations of gross view, H&E staining, Sirius red staining, and immunostaining). From the results, dual HGF/bFGF-loaded ALG/HA hydrogel 
may be a good system for the treatment of liver cirrhosis. 
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Cells living in physiological conditions experience certain mechanical stimulations depending on their development stages. In the research of 
tissue engineering and regenerative medicine, mechanical forces are applied by exposing cells seeding in the scaffold to shearing fluids or 
applying strains on the scaffold in bioreactors. In these cases the scaffolds themselves are not able to provide direct mechanical stimulations to 
the cells. Here we reported a strategy of building “dynamic” scaffolds by integrating super-paramagnetic scaffolds (mag-S) and applied static 
magnetic fields (MF) to generate mechanical forces directly on various cells, which effectively modulated immune cells including macrophages 
and fibroblasts as well as mensenchymal stem cells. The mag-S was fabricated by electrospinning with the solution of composite composed of 
polylactic acid, hydroxyapatite nanoparticles and iron oxide nanoparticles.
We showed that macrophages, fibroblasts or mensenchymal stem cells could sense the mechanical stimulation generated by the integration of 
mag-S and MF (mag-S+MF). Under these conditions, the macrophages or fibroblasts were likely to exhibit the wound healing phenotype while 
the inflammatory phenotype was suppressed, and mag-S+MF could induce the differentiation of the stem cells even in the absence of inducer. 
It was demonstrated that the platform of mag-S+MF modulated the phenotype polarization of the macrophages or fibroblasts through 
activating signaling proteins of VEGFR2/HIF-1α or integrins/FAK/ERK respectively, meanwhile inhibiting the activation of TLR4/NF-κB. In 
conclusion, the platform promoted the wound healing phenotype of the immune cells, which benefited the strategy of scaffold-guided tissue 
regeneration.
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Subcutaneous transplantation of engineered hepatocyte/fibroblast sheets (EHFSs) is a low invasive and safe approach to construct vascularized 
subcutaneous human liver tissue (VSLT) (Sakai Y, et al., Biomaterials, 2015). However, the liver-specific structures and functionalities in the 
development process of VSLTs in mice remains poorly understood. In the current study, describe time-dependent characteristics of the 
formation of the vascular network, cell–cell adhesions molecules, liver transporters at the apical and basal membranes, liver-specific protein 
synthesis, and metabolizing activities.
 The EHFSs formed multi-layered thick tissues by rapid neovascularization allows overcoming extremely difficult problems, such as the lack of 
oxygen supply on the formation of three-dimensional primary hepatocyte tissue under the skin. The blood vessels consisted of mouse-origin 
endothelial cells (ECs) (mVEGFR2) from the subcutaneous space at 1–7 days and the following formation of the vascular network was 
performed by human-origin ECs (hVEGFR2). Many varieties of liver-specific gene expressions increased with the construction of the VSLTs: cell–
cell adhesion molecules (CDH1, CLDN3, and CX32), transporters at basal (OATP1A1, OCT1, and NTCP) and apical membranes (MRP2, MDR1, 
and BSEP), blood coagulation factors (F8 and F9), and urea synthesis (OPS1, OTC, and ARG1) and metabolism enzymes (CYP7A1, CYP1A2, 
CYP2B6, CYP3A4, and UGT1A1).
 We demonstrate that the EHFSs using engineered hepatocyte/fibroblast system facilitated the construction of functional VSLTs by overcoming 
various extremely challenging problems, such as the lack of oxygen supply on formation of 3D primary hepatocyte tissue under the skin. The 
VSLTs could be a second liver organ because of the construction of abundant vascular networks, cell polarity, and maintenance of high 
expressions of liver-specific functions. Therefore, the EHFSs could be established as potential treatments of liver diseases.
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Introduction
 Liver regenerative medicine using cultured hepatocytes or hepatic tissues has the potential to replace liver transplantation. However, this 
therapeutic strategy has challenges to overcome, including in construction of the hepatic tissues. As an approach to fabricating functional 3D 
hepatic tissues, we focused on hepatocyte spheroids, which have a high cell density and maintain high liver-specific functions. We employed a 
bottom-up method using spheroids, arranging hepatocytes, endothelial cells and mesenchymal cells regularly at the time of tissue construction. 
This approach enabled a vascular network to be formed within the three-dimensional hepatic tissue. 
 
 
 Materials and Methods
 We fabricated hepatocyte spheroids covered with human umbilical vein endothelial cells (HUVECs) and NIH/3T3 cells. The spheroids were 
seeded into hollow fibers, and then the spheroids were packed at high density by centrifugation to induce the formation of a  cylindrical 
hepatic tissue in the lumen of hollow fibers. We then performed histological and functional analyses of the hepatic tissues. We also performed 
animal experiments using liver failure mouse. SCID mice were subjected to partial hepatectomy (85%). Subsequently, a cylindrical hepatic 
tissue collected from hollow fibers were transplanted onto the surface of the remaining liver. We evaluated the survival time of the mouse after 
transplantation. We also performed histological analysis of the transplanted tissue.
 
 
 Results and Discussion
 The stacking spheroids formed cylindrical hepatic tissue inside hollow fibers. The tissue was able to collect from the hollow fibers and was 
sufficiently strong for transplantation. The hepatic tissues showed high liver-specific functions of ammonia removal and albumin secretion. In the 
histological analysis, we found that the HUVECs were regularly distributed within the tissue. The NIH/3T3 cells proliferated and were 
distributed uniformly throughout the tissue. Hypoxia-inducible factor-1α (HIF-1α) expression was suppressed in the hepatic tissue throughout 
the culture period. In the animal experiments, we found that the survival time of mice with liver failure could be prolonged by transplantation. 
We also confirmed the existence of erythrocytes in the transplanted tissue, indicating functional vessel formation. In summary, we fabricated a 
functional 3D hepatic tissue by the bottom-up method using hepatocyte spheroids.
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Micro blood vessel network is one of essential issues in biofabrication of bulk tissues, artificial organs, organ-on-chips, etc. It is extremely 
difficult to build micro blood vessel network by conventional tissue engineering methods like induced differentiation from stem cells. Even with 
biofabrication technique, which also known as 3D bio-printing, due to the limitation of printing precision, blood vessel network below 50 μm 
are still hard to achieve. Herein, we will report a facial method to build micro blood vessel network from bio 3D printed hydrogel beads. The 
hyaluronic acid based biopolymer hydrogel (HA) was first printed into tiny drops with controlled diameter between 10 – 50 μm through a 3D 
bio-printer and cross-linked by enzyme reaction. Formed beads were later mixed with hepatic cells and endothelial cells and inoculated into a 
PDMS-based micro-well for co-culture. These HA beads were functioned as spacers among the randomly packed cells during aggregation. After 
14 days of co-culture, HA beads were digested by hyaluronidase and left micro-channel with tens of micrometers in diameter, which could be 
utilized as micro-blood vessel network. Finally, the mass transfer efficiency for hepatic cells was enhanced as-expected.
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The extracorporeal reconstruction of human liver is needed to replace an animal experiment in drug screening field and to elucidate the 
mechanism of some disease such as cancer metastasis. However, human liver weighs more than 1 kg and contains a large amount of 
hepatocytes. The large amount of cells in need, the steps of organ creation and the culture of whole liver make it difficult to reconstruct human 
liver on the original scale. Therefore, our aim of this study is to reconstruct human liver in vitro in small scale based on the concept of whole 
organ engineering.
 
 We tried to construct miniature human liver by using decellularized mouse liver. It is estimated that the required cell number per a liver 
construction can be reduced to about from106 to 107 cells by this scale down. As a cell source, we tried to isolate primary human hepatocytes 
from surgically resected human liver tissue. Primary human hepatocytes were isolated at more than 70% viability by using collagenase solution. 
Additionally, we developed the decellularization method of mouse right lobe based on that method of rat as a scaffold of miniature human 
liver. The mouse liver was removed blood by perfusion of the buffer in vivo. Then, the only right lobe was obtained and decellularized by the 
perfusion of the 4% Triton X-100 solution via portal vein and the DNase/RNase treatment. Then, the decellularized mouse right lobe was 
obtained. The tubular network structure was observed by injection of resin via portal vein, and it revealed that the decelllularized liver 
maintained the structure of the vascular network. Furthermore, the histological analysis of the tissue was performed and it was confirmed that 
cell components were removed from the tissue. Therefore, we tried to seed the liver cells into the obtained tissue and culture.
 
 In conclusion, we achieved the development of the preparation method of decellularized mouse right lobe. Then, it was suggested that 
combining the obtained human primary hepatocytes with mouse decellularized liver is expected to create a miniature human liver. 
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Primary human hepatocytes (PHHs) cultured as suspension and monolayer are considered as the gold standard to study drug transport and 
metabolism. However, PHHs only maintain the liver-specific functions for a few hours in suspension and a few days in monolayer. There are 
many methods that have been developed for culture PHHs in vitro ranging from 2D collagen coated dish, collagen gel sandwich culture to 3D 
spheroids. However, how to maintain active hepatocyte functions in vitro in long term is still a big challenge.  
     Here we demonstrate a simple method to generate functional stratified human liver tissue in vitro. PHHs were co-cultured with normal 
human dermal fibroblasts (NHDFs) on the temperature responsive cell culture plates. After 4 days culture, PHHs/NHDFs mono-layer co-cultures 
were harvested as floating cell sheets by reducing the temperature to 20℃ for 30 min. The floating cell sheets were condensed to form 
multilayered assemblies due to contraction of cells, in particular, fibroblasts. The contracted cell sheets were re-attached and cultured on other 
dishes for 10 days. It was found that the albumin secretion of these contracted cell sheets were two times higher than that of normal co-
cultures. Densely distribution of hepatocytes and fibroblasts in the contracted cell sheets allows the enhanced homotypic and heterotypic cell-
cell interactions, which may in turn result in increase of hepatocyte functions.
     We also found the seeding density and co-culture ratio could affect morphology and functions of hepatocytes in the contracted cell sheets. 
We are now trying to optimize the conditions to fabricate contracted hepatic cell sheet-based models for drug screening.
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Liver expresses the functions in vivo and it is kept at 37°C. Therefore, it was thought that liver should express the functions under the same 
condition as in vivo and the liver culture system has been tried to be developed based on the concept. It is called normothermic liver 
preservation and has been studied since 1930s. However, the liver culture systems which can keep the liver functions completely for a few 
days in vitro have never been developed. Presently, the liver for transplantation is preserved by replacing from blood to ice-cold organ 
transplantation solution and it is transported to recipient in ice storage based on the method which was proposed by Collins in 1969. This 
method is widely used in organ transportation for organ transplantation and the ischemia time from resect to reperfusion is limited depending 
on each organs. The ischemia time of liver is limited within 12 hours. If it was prolonged, the patient survival rate is significantly decreased. 
Therefore, the transplantable place is limited. On the other hand, there are some reports that the liver preservation will be achieved by 
perfusion at around 20°C with culture medium containing red blood cells. In this study, our aim to reveal the effect of temperature and oxygen 
supply to the expression of liver functions. The gel culture of hepatocyte was used in our study because hepatocyte can express the specific 
functions there as high as spheroid culture which is called miniature liver. The primary rat hepatocytes were cultured in collagen gel at some 
temperatures and the ammonia metabolic as a liver specific function was analyzed. In this time, the construction of a culture condition with 
enough oxygen supply was also tried by using diluted blood with culture medium. As the results, the expression of liver function was different 
depending on the temperature. In addition, it was suggested that the function expression will increase by increasing the oxygen supply. The 
obtained results are expected to be useful for the improvement of liver function expression in the treatment of liver support system with 
hepatocytes and the development of liver construction system based on whole organ tissue.
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	 03-P372	 Mesenchymal stem cells and induced bone marrow macrophage combination therapy for liver cirrhosis mouse 
model

Atsunori Tsuchiya，Yusuke Watanabe，Satoshi Seino，Yuzo Kawata，Yuichi Kojima，Shunzo Ikarashi，Takayuki Watanabe，Suguru Takeuchi，Shuji Terai
Division of Gastroenterology and Hepatology, Niigata University

Background & Aims: Decompensated liver cirrhosis often progresses even after treatment of causes such as hepatitis C viruses. Thus, novel 
therapeutic approaches are urgently needed. We describe a novel therapeutic approach for decompensated cirrhosis using mesenchymal stem 
cells (MSCs) and induced bone marrow-derived macrophages (id-BMMs), and analyze the mechanisms underlying liver fibrosis improvement 
and regeneration. Methods: Mouse MSCs and id-BMMs were cultured from mouse bone marrow. The mRNA expression after addition of serum 
from liver-damaged mice was analyzed by microarray and real-time PCR. Co-culture and phagocytosis assays were performed. MSCs, id-BMMs, 
and a combination therapy using MSCs and id-BMMs (50/50) were administered to mice with CCl4-induced liver cirrhosis, and fibrosis 
regression and liver regeneration were evaluated. The behavior of administered cells was evaluated by intravital imaging. Host migrated cells in 
the liver were quantified by immunohistochemistry and flow cytometry. Results: After addition of serum from liver-damaged mice, id-BMMs 
expressed higher amounts of anti-fibrotic MMPs, pro-regenerative factors, and chemoattractant, while MSCs upregulated the anti-inflammatory 
factors and macrophage modulating factors. In co-culture, MSCs induced switching of id-BMMs toward the M2 phenotype. M2-polarized id-
BMMs gained high phagocytic ability. The combination therapy effectively increased liver fibrosis regression (27.3% regression compared to 
control, p < 0.01) and PCNA-positive cells, and decreased serum levels of hepatobiliary enzymes. Intravital imaging showed that a large 
number of id-BMMs, which phagocytosed hepatocyte debris, and few MSCs migrated to the fibrotic area in the liver. Host macrophages and 
neutrophils gathered after combination therapy and produced anti-fibrotic MMPs, followed by production of pro-regenerative factors from 
phagocytosing id-BMMs. Conclusions: Indirect effector MSCs and direct effector id-BMMs synergistically improved liver cirrhosis with recruiting 
the host cells to the liver in mice. This concept paves the way for new treatments for decompensated liver cirrhosis.

a90625

	 03-P371	 HGF/Heparin-immobilized Decellularized Liver Matrix as Substrates for Hepatocytes Regeneration in Acute Liver 
Injury model 

Yu-Chai Dai，Kuang-Min Lee，Yung-Te Hou
Department of Bio-industrial Mechatronics Engineering

In order to overcome the shortage of organ donation and injury of patients after partial hepatectomy (PH) treatment, we aimed at developing a 
liver film for hepatocytes regeneration through liver tissue engineering. In this study, a HGF/heparin-immobilized decellularized liver matrix 
(DLM) film (HGF/heparin complex coated on DLM film) was developed for hepatocytes regeneration in liver injury. In the result, (1) the 
amounts of immobilized heparin on DLM film was 30μg/cm2 when the initial heparin concentrations were 1 mg/ml. (2) The relative cell 
viability and albumin synthesis of the hepatocytes on HGF/heparin-immobilized DLM film was 20-30% and 20% superior than on normal dish at 
3 days of culture, respectively. (3) The lactate dehydrogenase activity of the D-galactosamine-induced injury of hepatocytes on HGF/heparin-
immobilized DLM film cultures was 10 milliunits/mL, which was 50% lower than that in the D-galactosamine-induced injury of hepatocytes on 
normal dish cultures, and albumin synthesis can recover to the same level as non-toxic hepatocytes cultured on normal dish. The HGF/heparin-
immobilized DLM film showed highly potential in maintaining hepatocyte culture and also in repairing injured hepatocytes from 
D-galactosamine. It is believed that this HGF/heparin-immobilized DLM film has promising potential for hepatocyte transplantation, and could 
be applied for future use in liver tissue engineering use. 
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	 03-P374	 Construction of engineered human liver organoid by stem cell incorporating with the cadherin modified 
biomaterials

Lei Cao，Yan Zhang，Xueping Wang，Jun Yang
The Key Laboratory of Bioactive Materials Ministry of Education, College of Life Science, Nankai University, Tianjin, China

Mesenchymal stem cells (MSCs) have emerged as a promising source of multipotent cells for various cell-based therapies due to their unique 
properties and 3D MSC aggregates has been explored as a potential strategy to enhance therapeutic efficacy. In this study, 3D MSC aggregates 
incorporated with human E-cadherin-Fc modified poly PLGA(hE-cad-PLGA) microparticles have been fabricated. The results show that, 
compared with the plain PLGA, the hE-cad-PLGA microparticles distribute within the aggregates more evenly and further result in a more 
significant improvement of cellular proliferation and secretion of a series of bioactive factors due to the synergistic effects from the bioactive 
E-cadherin fragments and the PLGA microparticles. Meanwhile, hE-cadherin-Fc can upregulate the phosphorylation of EGF receptors and 
activate the AKT and ERK1/2 signaling pathways inner the aggregates. Additionally, hepatic differentiation of aggregates were enhanced by the 
synergistic effects of E-cadherin with cytokines. Furthermore, liver organoid were constructed by the MSCs aggregates incorporating with E/VE-
cadherin modified PLGA microparticles. The cooperation of E/VE-cadheirn as matrixes in the cell aggregates markedly enhanced 
vascularization and hepatic functions in vitro. Therefore, engineering 3D cell aggregates with hE/VE-cad-PLGA microparticles can be a 
promising method for ex-vivo multipotent stem-cell expansion, differentiation and the construction of organoid for clinical applications.
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	 03-P373	 Development of a novel targeted drug delivery system for liver tissue regeneration

Yung-Te Hou1，Po-Chuan Hsieh1，Chun-Yen Lee1，Chia-Wen Wu2

1Department of Bio-Industrial Mechatronics Engineering, National Taiwan University，2Department of Chemical Engineering, National Taiwan University

Mesoporous silica nanoparticles (MSNs) are solid materials possessing a honeycomb-like porous structure and hundreds of empty channels, it 
has been developed recently and regarded as an efficient drug carrier in the targeted drug delivery system (TDDS). However, most of the TDDS 
are designed to kill the tumor cells, and there are fewer related-reports about the cell-targeted strategy for enhancing the functionality of 
targeted cells. In this study, we applied MSNs to carry lysine for hepatocyte culture since lysine has been proved to enhance the mitosis of cell. 
Moreover, MSNs were encapsulated with chitosan to enhance the biocompatibility, and glycyrrhizin (GL) were conjugated to MSNs for 
hepatocyte targeting. Results have shown that: (1) MSNs showed no cytotoxicity to the hepatocytes in low concentration (<0.1mg/mL). (2) The 
albumin concentration in hepatocyte cultures with 0.1 mg/mL of lysine was increased 30% higher than that in control condition. (3) The 
maximum loading capacity of lysine on MSNs, chitosan-MSNs, and GL-chitosan-MSNs are 80%, 70% and 70%, separately. (4) MSNs particles 
showed a negative zeta potential of -31.8mV compared to the chitosan-MSNs and GL-chitosan-MSNs, which showed highly positive zeta 
potentials of 48.9mV and 34.4mV, respectively. The average particle size of GL-chitosan-MSNs, chitosan-MSNs were found to be relatively 
larger than MSNs (246nm, 222nm and 148nm, separately). (5) GL-chitosan-MSNs-lysine was found largely in hepatocyte than that in other cells. 
(6) GL-chitosan-MSNs-lysine enhanced hepatocyte functionality in 7 days of cultures. In conclusion, GL-chitosan-MSNs-lysine has a high 
potential in hepatocyte-target study.
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	 03-P376	 Cryogel-integrated hepatic cell culture microchips for liver tissue engineering 

Lilandra Boulais1,2,3,4，Rachid Jellali1，Ulysse Pereira1，Patrick Paullier1，Eric Leclerc1，Sidi A. Bencherif2，Cécile Legallais1

1UMR CNRS 7338, Laboratoire de Biomécanique et Bioingénierie, Université de Technologie de Compiègne, Compiègne, France，2Laboratory for Advanced and Multifunctional Polymer 
Biomaterials, Department of Chemical Engineering, Northeastern University, Boston, USA，3Department of Bioengineering, Northeastern University, Boston, USA，4Harvard John A. Paulson 
School of Engineering and Applied Sciences, Harvard University, Cambridge, USA

Recently, a number of studies have highlighted that the cell microenvironment plays a critical role in various biological processes. In this 
context, 3D cell culture systems have been the focus of much attention to mimic more closely the natural environment found in vivo. To this 
end, we have developed an innovative technology combining biomaterials and microfluidics. A polydimethylsiloxane (PDMS) microchip 
containing a macroporous alginate hydrogel was designed for hepatocyte culture such as HepG2C3a and HepaRG cells. 
 A microfluidic device was successfully engineered to ensure a homogeneous perfusion while providing a micro-sized cell culture chamber in 
3D. Alginate was covalently crosslinked at subzero temperatures inside the microchip device to create a macroporous scaffold for cells. 
Integrated cryogels can be functionalized with peptides or proteins to promote  cell-matrix interactions.
 The physical properties of the integrated cryogels were characterized. The cryogels showed an open and interconnected macroporous 
structure with remarkable elastic properties sustaining flow induced shear stress and pressure drop. Additionally, cryogels have soft 
mechanical properties, similar to healthy liver tissues.
 The dynamic 3D cell culture showed that cells spread when the alginate is functionalized, they form aggregates in the other case. Thus, two 
ways of culture can be done depending on the application.
 Looking into the future, this innovative platform may facilitate cell-based validation in the drug discovery process, decreasing the cost and 
increasing the speed in screening large numbers of compounds.
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	 03-P375	 Liver-on-chip: primary rat small hepatocytes in a microfluidic platform

Gu-Ming Zhang，Chia-Chun Wu，Pin-Yao Chen，Yung-Te Hou
Department of Bio-Industrial Mechatronics Engineering

The liver is an organ with vital functions, including energy storage, secretion protein synthesis, and especially metabolism of pharmaceutical 
drugs. However, in vitro studies of drug test are usually limited to precisely evaluate the real influences on hepatic tissue because it is an 
obstacle to develop a platform which can sophisticatedly mimic in vivo hepatic environment. 
     Thus, in this study we established a microenvironment-mimicking liver-on-a-chip (LOC) platform for in vitro hepatotoxicity test. Small 
hepatocytes, which have been identified in primary hepatocyte cultures with high potential for proliferation and differentiation into mature 
hepatocytes, was used as cell source for LOC platform. The result showed that small hepatocyte on collagen coating dish can expand in 2D 
primary cultures, and formed colonies which is about 300-400μm wide. Compared to primary hepatocytes, which normally maintain their 
function about 7 days, small hepatocytes can live at least 4 weeks. We analyzed the gene expression of small hepatocytes by q-PCR. 
Expression of albumin and Tryptophan 2,3-dioxygenase (marker of primary hepatocytes) is higher, and Follistatin (marker of small hepatocytes) 
expression is lower after 3 weeks’ culture. 
     The small hepatocyte-derived liver-on-a-chip platform therefore can simulate the real environment in model animals, and also build 
toxicology database and make safety assessment of drugs, chemicals and pesticides.
  
 Keyword : Live-on-a-chip, Microfluidic, Small hepatocyte
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	 03-P378	 Microfluidics-based droplet platform for rapid spheroid production and liver tissue engineering 

Hon Fai Chan1,2,3,4，Kam W Leong3

1Institute of Tissue Engineering and Regenerative Medicine, Chinese University of Hong Kong, Hong Kong, China，2School of Biomedical Science, The Chinese University of Hong Kong, Hong 
Kong, China，3Department of Biomedical Engineering, Columbia University, New York, NY, 10027，4Department of Mechanical Engineering, Massachusetts Institute of Technology, Cambridge, 
MA, 02139

An attractive option for tissue engineering is to use multicellular spheroids as 3D microtissues, either as building block or for direct cellular 
injection. Conventional approaches of fabricating spheroids suffer from low throughput and polydispersity in size, and fail to supplement cues 
from extracellular matrix (ECM) via biochemical and biophysical signaling. Moreover, translation of any inventions into products requires the 
establishment of standardized processes without incurring prohibitive cost. Microfluidic technologies present many advantages to improve the 
quality of biomanufacturing. We have developed a microfluidics-based water-in-oil-in-water double-emulsion (DE) droplet platform as pico-liter 
sized bioreactor for rapid cell assembly and well-controlled microenvironment for spheroid culture. Cells aggregated to form size-controllable 
(30–80 mm) spheroids in DE droplets within 150 min. Moreover, precursor hydrogel solution can be adopted as the inner phase to produce 
spheroid-encapsulated microgels after spheroid formation. As the first example, the encapsulation of human mesenchymal stem cells (hMSC) 
spheroids in alginate and alginate-arginine-glycine-aspartic acid (-RGD) microgel was demonstrated, with enhanced osteogenic differentiation 
exhibited in the latter case. To enhance functions and viability of hepatocyte for liver tissue engineering, we also generated microencapsulated 
homotypic or heterotypic (co-cultured) hepatocyte spheroids. The composition of the microgel is tunable as demonstrated by improved 
hepatocyte viability and functions during 24 day culture (albumin secretion, urea secretion, and cytochrome P450 activity) when alginate-
collagen composite microgel was used instead of alginate. Hepatocyte spheroids in alginate-collagen also performed better than hepatocytes 
cultured in 2D collagen-sandwich configuration. Moreover, hepatocyte functions were significantly enhanced when hepatocytes and 
endothelial progenitor cells (used as a novel supporting cell source) were co-cultured to form composite spheroids, which could be further 
boosted when encapsulated in alginate-collagen microgel. Our DE platform for spheroid production and microencapsulation with high yield, 
versatility, and uniformity is envisioned to be an enabling technology for liver tissue engineering as well as biomanufacturing.
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	 03-P377	 Electric-field assisted microfluidic synthesis of tailorable porous microbeads as cell carriers for tissue engineering 
applications

Jan Guzowski1,4，Marco Costantini1,2,3，Pawel J Zuk4,5，Piotr Garstecki1，Andrea Barbetta2

1Institute of Physical Chemistry, Polish Academy of Sciences, Warsaw, Poland，2Department of Chemistry, Sapienza University of Rome, Rome, Italy，3Tissue Engineering Lab, Universita Campus 
Bio-Medico di Roma, Rome, Italy，4Department of Mechanical and Aerospace Engineering, Princeton University, Princeton, USA，5Department of Biosystems and Soft Matter, Institute of 
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A promising approach in tissue regeneration is the injection of miniaturised scaffolds directly to the site of treatment which allows to avoid 
more invasive procedures associated with introduction of macroscopic implants. In this article, we present a novel and highly efficient method 
for the manufacture of porous microbeads of tailorable dimensions (in the range ~ 300-1500 um) and with a uniform and fully interconnected 
internal porous texture. The fabrication method proceeds through a preliminary generation of a monodisperse oil-in-water emulsion by using a 
flow-focusing microfluidic device. The emulsion, after being discretised into droplets through the application of a pulsed electric field, serves as 
a template for the porous microbeads. By tuning the rates of flow as well as the strength and frequency of the electric field, microbeads of 
controlled dimensions are produced with high reproducibility. We model the process of the drop formation and predict drop sizes as a 
function of the applied voltage with good agreement with the experimental data. In addition, we develop a ‘phase diagram’ indicating various 
operational regimes of the device depending on both the voltage and the frequency of electric pulses. Finally, we demonstrate the potential of 
the porous microbeads as cell carries: we seed them with human mesenchymal stem cells (hMSCs) and hepatic cell line (hepaRG) monitoring 
their viability, degree of microbeads colonization, and retention of stemness character up to three weeks. Finally, we benchmark the presented 
porous microbeads against conventional microbeads with polydisperse pores.
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	 03-P380	 The inhibitory effect of Adrenomedullin (ADM) on hepatic NF-kB activation in 2D and 3D hepatic cell cultures 

Krista Rombouts1，Elisabetta Caon1,2，Daniela Gabbia2，Sara De Martin2，Annarosa Floreani3，Giorgia Zigiotto2，Zhenzhen Zhang1，Luca Frenguelli1，
Walid Al-Akkad1，Samantha Sarcognato4，Maria Guido4，Giuseppe Mazza1，Massimo Pinzani1
1University College London (UCL), Institute for Liver and Digestive Health, London, UK，2Department of Pharmaceutical and Pharmacological Sciences, University of Padova, Padova, Italy，
3Department of Surgery, Oncology and Gastroenterology, University of Padova, Padova, Italy，4Department of Medicine, General Pathology and Cytopathology Unit, University of Padova, 
Padova, Italy.

Background: Adrenomedullin (ADM) is a neuropeptide exerting multiple effects through autocrine/paracrine mechanisms. ADM plays an 
immunomodulatory role and has anti-inflammatory activity in various diseases but its role has not been investigated in liver diseases. 
 Aims: We assessed the hepatic ADM expression in different inflammatory liver diseases (HCV, AIH, NASH) and the mechanism(s) by which 
ADM affects NF-kB activation in classical 2D and a new 3D model.
 Method: Immunofluorescence analysis was performed on liver tissue samples to assess ADM expression and α-SMA colocalization. HepG2 
and LX2 were exposed to LPS (1ng/mL), ADM (10-7M) for 24hrs, ADM (10-7M) for 4hrs followed by LPS for 24hrs. ICC for p65 nuclear 
translocation and QRT-PCR was performed. Human liver 3D scaffolds were obtained by decellularization of healthy and cirrhotic livers. LX2 cells 
or primary hHSCs were cultured on scaffolds for 10 days. Primary hHSC in healthy scaffolds were treated with LPS for 1-3hrs, PDGF-BB (1-10ng/
mL), or TGFβ1 (2-5ng/mL) for 24hrs. hHSCs in cirrhotic scaffolds were exposed to ADM for 4hrs. QRT-PCR was performed.
 Results:  Human HSCs ADM-related fluorescence intensity in NASH patients (n=5) was less than in HCV (n=5) and AIH (n=5) patients, but the 
degree of colocalization was similar in all patients. ADM pretreatment of LX2 and HepG2 in 2D, followed by LPS exposure significantly reduced 
p65 nuclear translocation and increased NF-kB inhibitor IkBα gene expression. ADM expression decreased in LPS-treated HepG2 whereas 
exogenous ADM pretreatment counteracts this effect. ADM gene expression was decreased in TGFβ1 and LPS-treated hHSCs cultured in 2D 
and was upregulated in 3D vs 2D. In contrast, TGFβ1 and PDGF-BB-treated hHSCs in 3D showed a reduced ADM gene expression. ADM 
pretreatment in hHSCs in healthy scaffolds increased ADM expression, reduced NFKB1, but not NFKB2, and completely abrogated the effect of 
subsequent exposure to all stimuli. ADM expression was upregulated in hHSCs in cirrhotic scaffolds vs healthy scaffolds and exogenous ADM 
treatment favoured hHSCs deactivation in cirrhotic liver scaffolds.
 Conclusion: This study shows that ADM expression changes with respect to the aetiology of liver inflammation. ADM leads to a reduction in 
activation of the canonical NF-kB pathway in hepatic cells in both 2D and 3D cultures. These findings suggest that the ADM system as a 
possible pharmacological target for the management of inflammatory liver diseases.  
 

a91350

	 03-P379	 Functional Evaluation of a Hepatic Tissue Constructed from Multicellular Spheroids     

Huaixu Liu1，Hiroshi Mizumoto2，Masamichi Kamihira2，Toshihisa Kajiwara2

1Department of Materials Process Engineering, Graduate School of Engineering, Kyushu University, Fukuoka, Japan，2Department of Chemical Engineering, Kyushu University, Fukuoka, Japan

Liver transplantation is the only operation for patients with severe liver failure currently, however, it is hindered by the shortage of donors. The 
Bioartificial Liver (BAL) support system may serve as a supportive device, inducing the liver regeneration and bridging the individual’s liver 
functions until the transplantation is possible.
 
 One great challenge of the clinical application of BAL system is to secure a cell source, which could be easily obtained at a large amount with 
high functionality. In this research, we focused on the genetically engineered hepatoma cell line, Hepa/8F5 cells [1], which are capable of 
switching from infinite proliferation to expression of significant liver-specific functions by over-expression of introduced genes.
 
 Spheroids, a typical 3D culture model, was adopted in this research for further construction of a hepatic tissue inside hollow fibers (HFs), 
which were usually applied as the scaffold for BAL system. What’s more, in order to improve the mass transfer inside the dense tissue, we co-
cultured the spheroids with Human Umbilical Vein Endothelial Cells (HUVECs). In details, we first constructed spheroids by gyratory culture; 
then coated collagen on the surface of spheroids for further attachment of endothelial cells; after co-culturing the spheroids with HUVECs, we 
stacked the multicellular spheroids inside the HFs, and incubated until the construction and maturation of the tissue, mainly by self-assembly of 
these multicellular spheroids inside HFs.
 
 We compared the viability and functionality of 3 groups inside HFs with the same diameter: 1) mono-dispersed Hepa/8F5 cells; 2) Hepa/8F5 
spheroids and 3) HUVECs-coated Hepa/8F5 spheroids. Group 3 showed the highest viability, which could be maintained around 65% for at 
least 6 days, whereas Group 1 and 2 showed a lower viability with further deterioration. Group 3 also showed a higher level of ammonia 
removal and albumin secretion ability (around 1.5-fold) than Group 2. Interestingly, although Group 1 and 2 showed similar viability, no 
ammonia removal was confirmed in Group 1, which could be attributed to the effect of 3D spheroids formation.
 
 In a word, Hepa/8F5 cells and this bottom-up approach using multicellular spheroids are suitable for construction of hepatic tissue, and the 
co-cultured HUVECs played an important role in improving the performance of constructed hepatic tissue.
 
 Reference:
 [1] H. Yamamoto et al., Biochemical Engineering Journal, 2012, 67-73
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Liver transplantation is the only effective treatment to extend the life of patients with terminal hepatic diseases. Organ bioengineering and 
regenerative medicine are promising new technologies that can help increase the number of available organs for transplantation. However, up 
to date, all the bioengineered livers lack a functional and patent vascular network which could enable their long-term transplantation into a 
living animal. Hence, in this study, we sought to recreate a functional re-endothelialized vascular tree in vitro in a decellularized liver scaffold.
 To achieve this, we recellularized an acellular rat liver scaffold with human umbilical vein endothelial cells (hUVECS) and human mesenchymal 
stem cells (hMSCs) in a bioreactor perfusion system. Cells were perfused at several discrete pressure conditions, showing excellent scaffold 
distribution. Furthermore, we applied two sequential experimental conditions that enabled the induction of cell growth and vascular 
maturation.
 Two weeks after seeding, we were able to observe a branched and large vascular network with the presence of vascular structures with 
different diameters, showing the formation of large, intermediate and small vessels. These structures were completely lined by endothelial cells, 
which were surrounded by hMSCs, as observable in native vessels. This reconstituted vascular tree was able to secrete prostacyclin, and 
capture Dil-Ac-LDL and FITC-conjugated Ulex europaeus lectin. It was also able to sustain heparinized blood flow for 30 minutes with minimal 
platelet adhesion and aggregation. 
 These results unveil a novel strategy to target organ scaffold revascularization yielding the generation of functional vessels with the potential to 
withstand blood perfusion in vivo.
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Cholangiocarcinoma (CCA) is an aggressive malignancy of the bile duct epithelia associated with local invasiveness and a high rate of 
metastasis and the second most common primary hepatic tumors. Infection with the liver flukes Opisthorchis viverrini and Clonorchis sinensis is 
considered an established risk factors for CCA and which leads to the highest incidence rates of CCA in Southeast Asian countries [1]. During 
this host-parasite infection, liver flukes continuously release their excretory-secretory products (ESPs) into bile duct and surrounding liver tissues 
they were present, and chronically influence the neoplastic and normal epithelium. Indeed, CCA cells and normal biliary epithelial cells 
exposed to liver fluke ESPs display diverse pathophysiological responses. In CCA microenvironment, diverse response of tumor and normal 
biliary epithelial cells by C. sinensis may cooperatively affect tumor invasion and/or metastasis, especially regulation of cytokines and 
chemokines such as interleukin-6 (IL-6) and  transforming growth factor-beta (TGF-β). IL-6 is a crucial mediator of hepato-biliary response to 
systemic inflammation and the production of IL-6 can be promoted by ESPs of carcinogenic liver fluke in human cholangiocyte cells in vitro [2]. 
As generally known, in tumor microenvironment, many cell types are responsive to TGF-β signaling leading to complex effects on cancer 
initiation and progression with the induction of a mesenchymal phenotype in epithelial tumor cells, also known as epithelial-to-mesenchymal 
transition (EMT) after prolonged exposure to TGF-β [3]. So we hypothesized that IL-6 and TGF-β induced by liver flukes in tumor 
microenvironment with C. sinensis infestation, especially from normal cholangiocyte, may play an important role in highly lethal malignancy of 
CCA. So we established three-dimensional co-culture model of normal cholangiocyte and CCA cells using microfluidic platform as a tumor 
microenvironment and assessed migration and invasion of CCA cells with ESPs treatment, in direct and gradient condition. Single cell invasion 
and migration of CCA cells were significantly increased. Also IL-6 and TGF-β expression in normal cholangiocyte cells were elevated by ESPs 
treatment.
 
 1. Tyson GL, El ‐ Serag HB, Hepatology 54: 173-184, 2011
 2. Chaiyadet S, Smout M, Johnson M, Whitchurch C, Turnbull L, et al., Int J Parasitol 45: 773-781, 2015
 3. Miettinen PJ, Ebner R, Lopez AR, Derynck R, The Journal of Cell Biology 127: 2021-2036, 1994
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Granulocyte-macrophage colony-stimulating factor (GM-CSF) exerts several therapeutic pharmacological effects, but its role under liver fibrosis 
has not yet been studied. Here, we investigated the inhibitory effects of GM-CSF on Dimethylnitrosamine (DMN)-induced liver fibrosis in rats. In 
this study, animal model for liver fibrosis was induced in Sprague-Dawley rats by the intraperitoneal injections of DMN(10 mg/kg of body 
weight) for 3 consecutive days per week for 4 weeks. To see the inhibitory effects, GM-CSF(50 µg/kg of body weight) were injected for 2 
consecutive days per week for 4 weeks along with DMN. We found that the DMN administration induced severe liver pathological alterations 
and loss in body and liver weights. However, GM-CSF improved the liver conditions and significantly reduced the body and liver weight loss. 
GM-CSF has also inhibited the elevation of aspartate aminotransferase (AST), total bilirubin level (TBIL), and increased albumin level (ALB). 
Assessment of the Hematoxylin and Eosin (H&E) staining showed reappearance of normal arrangement of the hepatic plates and 
disappearance of fibrosis. In addition, Masson’s trichrome staining revealed that GM-CSF successfully attenuated the collagen levels compared 
to DMN-treated group. These results suggest that GM-CSF exhibited hepatoprotective effects against the DMN-induced liver fibrosis. Thus, we 
conclude that GM-CSF can be studied further as an anti-fibrotic compound for the treatment of liver fibrosis. 
 This study was supported by a VHS Medical Center Research Grant(VHSMC17013), Republic of Korea.
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Electrospinning has gained a lot of attention because of its ease of producing fibrous scaffolds, cost-effectiveness, and tunability. The fabricated 
scaffold obtained highly interconnected nonwoven fabrics which are very similar to the fibrillar structure of the extracellular matrix. 
Bicomponent gelatin and polycaprolactone (PCL) nanofibers have long been explored as scaffold material because of its excellent 
biocompatibility and biodegradability. However, the cell culture system is associated with dedifferentiation and decreased tissue-specific 
functions. Studies have suggested that tissue-specific extracellular matrix can promote site-appropriate differentiation, and maintain site-
appropriate phenotype in vitro culture systems. In this study, liver-specific extracellular matrix (L-ECM) was added to the gelatin-PCL blend to 
improve its characteristics and to determine its advantage as hepatocyte substrate for liver regeneration. First, L-ECM was obtained from 
decellularization and solubilization procedures of the porcine liver. Through the conventional electrospinning method, nanofibrous scaffolds 
were fabricated using different volume/weight ratios of solubilized L-ECM, gelatin, and PCL. The fabricated fibers were characterized via 
scanning electron microscopy (SEM), FTIR spectroscopy, tensile strength and water contact angle. Hepatocytes were then cultured for 7 days 
to determine its efficiency and biocompatibility. Results showed that the optimized decellularization procedure removed up to 93% of cells and 
preserved most of the key components (e.g. collagen, laminin). SEM analysis clearly indicated a strong influence of L-ECM on fiber diameter, 
pore size, and porosity. FTIR spectroscopy showed characteristic peaks of both gelatin and PCL. While tensile strength and water contact angle 
showed favorable mechanical and hydrophilic features of the scaffolds. SEM images and phase-contrast microscopy of the cell-seeded scaffolds 
demonstrated cell attachment on its surface. And, the liver-specific function such as CYP1A1 enzyme induction was maintained from day 5 to 
day 7 of cell culture in L-ECM containing nanofibers compared to PCL-gelatin nanofibers. Collectively, the addition L-ECM induced an 
environment suitable for survival and maintenance of liver-specific functions of hepatocytes. This study also demonstrated the feasibility of the 
L-ECM containing nanofibers can provide functional biomaterial platforms for liver tissue engineering.
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Diabetes mellitus currently affects about 350 million people worldwide, and the World Health Organization (WHO) predicts that death due to 
the complications of diabetes will likely increase by more than 50% over the next 10 years. Type Ι diabetes mellitus, which represents 
approximately 10% of all diabetes cases, requires daily insulin injections. This treatment, however, is demanding for the patient, can be painful, 
and does not eliminate the risk of diabetic complications. Islet transplantation is a promising treatment for type Ι diabetes mellitus that 
achieves an insulin-independent, constant normoglycemic state and avoids diabetic complications. While islets are biologically active 
substances, so a successful transplantation depends on optimizing islet viability in vitro, in culture after isolation from the pancreas, and during 
transportation. So the aim of this paper was to establish a new islet purification process to improve the purity of islets for implantation, and 
Alginate gels (ALGs) encapsulation technology was used to improve the islet purity. In this study, the hypertonic-hypotonic treatmentwas 
effectivelyimproved the purity of islets; ALG bead was an efficient microenvironment culture system, which might provide a useful platform for 
protecting islets from mechanical damage during shipment and establishing a new engineering islet to maintain high viability of islets, and 
promote the development of islets transplantation.×
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	 03-P385	 Ascorbic Acid-2-phosphate protective effect against ROS on pancreatic β-cell spheroids 

Dina Myasnikova，Binbin Zhang，Junji Fukuda
Graduate School of Engineering, Yokohama National University, Yokohama, Japan

One of the permanent concerns when fabricating 3D tissues in vitro is oxygen supply. A lack of vasculature restricts oxygen supply for layers of 
cells through culture medium, leading to potential cell hypoxia in the core of 3D tissues thus limiting their achievable size. One potential 
approach to improve oxygen supply is the use of oxygen permeable microarray device for culturing 3D tissues. Our culture device made of 
polydimethylsiloxane provides oxygen to spheroids not only through the culture medium but also through the bottom of the culture device. We 
demonstrated that this approach allows decreasing hypoxia level in pancreatic β-cell spheroids in 2 times (compared with the same design 
device made of oxygen impermeable polymethylmethacrylate) and improving expression of the INS1 gene (2.2 times). However, insulin 
secretion was not greatly improved. The latter is probably attributed to reactive oxygen species (ROS) because the amount of ROS generated 
inside cells significantly increased in culture using the culture device. To reduce ROS concentration for the protection of pancreatic spheroids, 
we added a physiological amount of ascorbic acid-2-phosphate (AA2P, long-lasting vitamin C derivative) to the culture medium. AA2P similarly 
to NAC and DTT (widely used antioxidants) led to 36% decrease in ROS concentration inside cells. Moreover, the addition of AA2P led to 
additional 2 times upregulation of INS1 gene expression. Interestingly, almost the same improvement was observed with the addition of  60 
times more concentrated NAC solution showing the difference in the effectiveness of these two antioxidants in case of pancreatic β-cells. 
These results show the importance of controlling oxygen and antioxidant culture conditions for fabrication of pancreatic tissues.
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	 03-P388	 3D Bioprinting of biomimetic pancreas

Linnea Strid Orrhul4，Shadab Abadpour1，Dag Josefsen2，Gunnar Kvalheim2，Paul Gatenhom4,5，Hanne Scholz1,2,3

1Department of Transplant Medicine and Institute for Surgical Research, Oslo University Hospital, Oslo, Norway，2Section for Cell Therapy, Oslo University Hospital, Oslo, Norway，3Hybrid 
Technology Hub, Centre of Excellence, Institute of Basic Medical Sciences, University of Oslo, Norway，4 3D Bioprinting Center, Chalmers University of Technology, Department of Chemistry 
and Chemical Göteborg, Sweden，5CELLHEAL AS, Norway

 The prevalence of diabetes is expected to increase 55% in the next 20 years, rising from 382 million people living with diabetes in 2013 to 
642 million by 2040. Type 1 diabetes (T1D) is an autoimmune disease caused by progressive destruction of the beta cells in the pancreas, 
leading to insufficiencies control of blood sugar ending in life-threatening secondary complications such as arteriosclerosis, kidney failure and 
impaired vision. Islet transplantation is a minimally invasive beta cell replacement therapy for patients with T1D considered as a potential to 
cure the disease but is hampered by the loss of islet grafts due to transplantation into the portal vein. Developing a scaffold that could favor 
islet survival and allow for transplanted into an alternative site such as subcutaneously is one solution to complete a cure for everybody 
suffering from T1D. The first study of 3D printing of islets using modify alginate shown good viability and morphology (1). Strategies to modify 
bioinks with supporting stem cells such as adipose-derived stem cells (ASCs) could favor the cell survival, reduce cellular stress, and increase 
angiogenesis into the scaffold grafts. In this study we designed, biofabricated and evaluated an implantable device of 3D bioprinted human 
ASCs together with human islets. Cells were embedded in alginate based bioink followed by 3D bioprinting of constructs using INKREDIBLE 3D 
Bioprinter from CELLINK AB.  In vitro evaluation showed improved cell viability in 3D bioprinted constructs with a combination of ASCs and 
islets compare to islet alone. 3D bioprinted constructs with islets alone or islets with ASCs showed ability to secret insulin upon a glucose 
challenges (GSIS) indicate preserved functionality of islets after 3D bioprinting. This study showed that  islet´s survival was improved by 
creating a favorable microenvironment of human adult stem cells in the scaffold. 
 
 Ref:  1.     Marchioli G, van Gurp L, van Krieken PP, Stamatialis D, Engelse M, van Blitterswijk CA, Karperien MB, de Koning E, Alblas J, Moroni L, 
van Apeldoorn AA. Fabrication of three-dimensional bioplotted hydrogel scaffolds for islets of Langerhans transplantation. Biofabrication. 2015 
May 28;7(2):025009.
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Islet transplantation is a promising treatment for type I diabetes mellitus that achieves an insulin-independent, constant normoglycemic state 
and avoids diabetic complications. Islets are biologically active substances, so a successful transplantation depends on optimizing islet viability 
in vitro, in culture after isolation from the pancreas, and during transportation. After islet isolation, diffusion has become the main mechanism to 
transport oxygen and nutrients into the core of islets. However, diffusion has limitations, by which nutrients cannot effectively reach the core of 
large islets and can eventually cause core cell death and islets loss. This problem can be resolved by dispersing islets into single islet cells, but 
single islet cells do not exhibit insulin release function in vitro culture. In this study, we intended to establish a new islet engineering approach 
by forming islet cell clusters to improve islet survival and function. Therefore, alginate gels were used to encapsulate islet cells to form artificial 
islets after dispersion islets into single cells. The shape of the islet cell clusters was similar to native islets, and the size of the islet cell clusters 
was limited to a maximum diameter of 100 μm. By limiting the diameter of this engineered islet cell clusters, cell viability was nearly 100%, a 
significant improvement over natural islets. Importantly, islet cell clusters express the genes of islets, including Isl-1, Gcg, and insulin-1, and 
insulin secretion ability was maintained in vitro.
 1. Lehmann R, Zuellig RA, Kugelmeier P, Baenninger PB, Moritz W, Perren A, Clavien P A, Weber M, Spinas GA. Diabetes. 56, 594-603, 2007.
 2. Molnar C, Essand M, Wennberg L, Berne C, Larsson E, Tufveson G, Korsgren O. Cell Transplant. 22, 243-251, 2013.
 3. Li N, Zhang Y, Liu Y, Xiu ZL, Tan MQ, Li S, Guo X, Wang Y, Chen L, Song YZ, Yu WT, Lv GJ, Ma XJ. The International Journal of Artificial 
Organs. 37, 477-485, 2014.
 4. Dufrane D, Steenberghe MV, Goebbels RM, Saliez A, Guiot Y, Gianello P. Biomaterials. 27, 3201-3208, 2006.
 5. McCall MD, Maciver AH, Pawlick R, Edgar R, Shapiro AMJ. Islets. 3, 144-149, 2011.
 6. Malpique R, Os orio LM, Ferreira DS, Ehrhart F, Brito C, Zimmermann H, Alves PM. Tissue Engineering Part C Methods.16, 965-977,2010.
 7. Ahmad H F, Sambanis A. Acta. Biomater. 9, 6814-6822, 2013.
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The liver is the current site of choice for clinical islet transplantation, but many intraportal grafts were lost in the early stage of the 
transplantation. Other disadvantages of liver site include difficulty of monitoring the islets, and procedure- associated complications. In contrast, 
the subcutaneous space offers the advantages of a large space and a minimally invasive procedure performed and easy graft monitoring and 
removal. However, islet transplantation into an unmodified subcutaneous site has poor efficacy, possibly due to poor oxygenation and 
inadequate vascularization of the transplanted tissue. In this study, we test the feasibility of subcutaneous transplantation of MIN6 beta cells 
embedded in temperature-sensitive Poly(ethylene glycol) methyl ether (mPEG)-Ala hydrogels as scaffolds. After 14-day culture, the viability of 
MIN6 beta cells in mPEG-Ala hydrogel was comparable with those in medium, either assayed by MTT or LIVE/DEAD. Static incubation showed 
both had comparable stimulation index. For in vivo experiments, we infected MIN6 beta cells with luciferase by AAV and then transplanted 
5*106 cells embedded in mPEG-Ala hydrogel into subcutaneous tissue of the upper back of each nude mouse. Positive images of In Vivo 
Imaging System (IVIS) and positive insulin staining of tissue histology were observed up to 41 days after transplantation. Besides, we overnight 
incubated MIN6 beta cells with chitosan-coated superparamagnetic iron oxide (CSPIO) and then transplanted 5*106 MIN6 beta cells into 
subcutaneous tissue of the left flank of a nude mouse. The graft of CSPIO-labeled MIN6 beta cells were visualized on Magnetic Resonance (MR) 
scans as distinct hypointense spots on T2-weighted images located at the subcutaneous site at day 20. These results indicate subcutaneous 
transplantation of MIN6 beta cells embedded in temperature-sensitive mPEG-Ala hydrogels is feasible. Moreover, the IVIS and MR imaging are 
useful tools for detecting and monitoring beta cells at subcutaneous site.
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Transplantation of pancreatic islet is the ideal therapy for diabetes patients. Although the experiences with islet transplantation for diabetic 
control have markedly improved, there are still several obstacles for successful clinical applications. The main limitations of this approach are 
the shortage of donor and the low engraftment efficacy. In this study, we prepared insulin-producing cells (IPCs) from adult human liver cells as 
a new islet source. Liver cells are expanded and trans-differentiated to IPCs using adenovirus vectors carrying the human PDX-1, NeuoD and 
MafA genes, which are ß cell-specific transcription factors. Multiplicity of genes and treatment condition were optimized based on promoter 
assay and insulin gene expression. To confirm the ß cell specific function of IPCs, immunohistochemistry, endocrine-specific gene expression, 
and insulin contents were assessed at 5 days after the initial exposure to the viral treatment. In this study, 3-layered IPCs sheet were prepared 
to enhance the maturation IPCs and increase graft survival. To make a IPCs sheets, IPCs seeded onto temperature response culture dish. The 
IPCs sheet was pick up using a cell shifter and stratified onto another IPC sheet twice to make a 3-layered sheet. mRNA expression of 
endocrine specific hormones and transcription factors showed to ß cell of IPCs were significant enhanced in IPCs sheet group than monolayer 
culture. Single IPCs were injected by portal vein (PV) and IPCs sheet were transplanted onto the liver surface of the diabetic immune deficient 
mouse. Biodistribution of cells were assessed by bioluminescence image tagging with Qtacker 800 and mRNA level of human Alu gene. Mouse 
transplanted with IPCs sheets showed significantly high engraftment efficiency and reduced unexpected distribution of transplanted cells in 
organs other than the liver compares to that PV injection. Blood glucose level in IPCs sheet transplanted diabetic mouse was decreased and 
body weight was increased although they did not restore normoglycemia level. However, single cell injection group and diabetic mouse 
showed decrease of body weight. After 1 and 2weeks of transplantation, immunohistochemical analyses showed that IPCs transplanted liver 
stained positively for insulin. Also, cell sheet transplantation technique onto liver reduced the liver toxicity of PV injection. As a these results, 
multilayered cell sheet formation enhanced the graft survival and differentiation function of IPCs.
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Due to the limited supply of organs for transplantation, engineering a fully functional human organoid will be a milestone in the field of tissue 
engineering and regenerative medicine. Some approaches have been investigated for vascularization of three-dimensional (3D) soft tissues, 
highly essential for successful fabrication of physiologically-relevant tissue models. This research focuses on creation of vascularized pancreatic 
islets, which brings new perspectives in treatment for type I diabetes or drug testing. This research is significant since diabetes type I will 
double over the next decade if current rates of increase continue. In this research, pancreatic spheroids were formed by mouse insulinoma 
B-cells (BTC-3) and rat heart microvascular endothelial cells (RHMVECs). Co-cultured spheroids provide a vascularized network within the fibrin 
scaffold that supplies nutrients to cells and drains metabolites, including insulin. The presented tissue model is arranged for a long-term culture 
that provides data of changes accompanying the tissue formation and maturation. The tissue spheroids were precisely deposited in a 
perfusable, hydrogel-based device by custom-designed 3D-bioprinter. The active perfusion of the engineered vascularized pancreas tissue 
within the device provides dynamic culture conditions for a month. The expected outcome is cell response to glucose and detection of insulin 
in real-time at the outlet of the device. It is possible by creating a hollow vasculature from the tissue spheroids to the channel that will allow 
quick exchange of fluids rather than diffusion through the hydrogel. This approach combines fabrication of vascularized engineered islets and 
3D bioprinting with preserved functionality for treatment of type I diabetes. The constructed device will be also a useful tool for drug 
screening.
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Human tonsil-derived mesenchymal stem cells (T-MSCs) possess a great potential to differentiate into multiple lineages and self-renewal 
capacity, allowing them to be utilized as patient-specific cell-based therapeutics. Although various stem cells-derived pancreatic beta cells or 
insulin-producing progenitor cells has been proposed as a novel approach for treating diabetes mellitus, an efficient method for establishing 
functional insulin-producing cells is still a daunting task. Here, we aim to develop a novel cell culture platform that could regulate important 
cell-cell/cell-matrix interactions by introducing a growth factor immobilized matrix that can support the adhesion, proliferation, and 
differentiation of T-MSCs into insulin-producing cells. Our findings demonstrated that cells cultured on a growth factor-immobilized matrix were 
able to become insulin-producing beta cell-like progenitors, as shown by the upregulation of pancreatic beta cell-specific markers, such as 
PDX-1, Insulin, and Glut-2. Such a cell culture platform can offer novel strategies to achieve functional pancreatic beta cells from a patient-
specific cell source to treat diabetes mellitus.
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Immunoprotective microencapsulation techniques with biocompatible alginate have been developed for pancreatic islet transplantation. 
However, pure alginate microencapsulation techniques have a limitation in that Ca2+-alginate hydrogel slowly dissolve in the body and induce 
hypoxia to encapsulated islets. To overcome these limitations, we conjugated (-)-epigallocatechin gallate (EGCG) to alginate, which is capable 
of forming aggregates by auto-oxidation, independent of Ca2+, as well as radical scavenging and HMGB1 (cell damage molecule) capturing. The 
bonding reaction was carried out by preparing an ethylamine-bridged EGCG dimer through an aldehyde-mediated condensation reaction and 
then forming an amide bond through an EDC/NHS reaction. First, we introduced the EGCG to the surface of alginate microcapsule through 
alginate-EGCG conjugation, which was confirmed that the thin layer was formed by auto-oxidative coupling of EGCG on the surface. And the 
improvement of stability by surface modification was also confirmed. Then we confirmed that the surface modified microcapsules could have a 
hollow structure by Ca2+ chelating action of EGCG. Hollow microcapsule could solve hypoxia problem, but its structure was vulnerable to 
physical damage due to their weak physical properties. However, we confirmed that the surface-modified microcapsules could have stronger 
physical properties than the conventional alginate microcapsules. In addition, the surface modification of the microcapsules was performed 
once again using alginate for the suppressed immune response. Currently, cell experiments are underway to confirm the effect of radical 
scavenging and cell release-HMGB1 capture function of EGCG on cell survival. Subsequently, the immune response of the body through the 
transplantation of surface-modified microcapsule with islets and their therapeutic effect on diabetic animals will be confirmed.
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Background and aims: Over 80% of patients with pancreatic ductal adenocarcinoma (PDAC) are diagnosed with concurrent metastases. 
Conventional treatment approaches have had little impact on the course of this disease over the last 50 years. Therefore, the development of 
new treatment strategies to control PDAC is needed. We propose the use of 3D extracellular matrix (ECM) scaffolds that could redefine in vitro 
models of PDAC and preclinical testing of novel therapies.
 
 Methods: Decellularised human pancreata and livers were extensively characterised for the elimination of cellular material and preservation of 
ECM proteins and micro-architecture (n>7) using histology, SEM, Raman Spectroscopy and quantification kits. Both primary (PANC-1, MIA 
PACA-2, and patient-derived cells) and metastatic pancreatic tumour cells (PK-1) were seeded onto 5 mm3 scaffolds, as well as 2D cultures. 
Histological analyses were used to confirm cell attachment and migration. Further, gene and protein expression were evaluated at 14 days. 
Additionally, viability and FACS analyses were performed to test therapy-resistance in both 2D and 3D systems upon treatment with 
doxorubicin and gemcitabine, as well as novel photodynamic therapy (PDT) and immunotherapy using stimulated NK cells.
 
 Results: All primary cells were able to migrate and invade the pancreas scaffolds whereas several of these cells were only able to attach 
superficially onto the liver scaffolds. PK1 cells were able to exclusively migrate and invade the liver scaffolds and only attached superficially 
onto the pancreatic scaffolds. These differences were supported by significant deregulations in gene and protein expression (i.e. MMP9, WNT1, 
βCATENIN) between pancreas scaffolds, liver scaffolds, and 2D culture. Interestingly, both primary and metastatic cells were found significantly 
more resistant to all treatments (chemotherapy, PDT, and immunotherapy) in the 3D models when compared to 2D cultures (n=4, p<0.001), 
even though confocal microscopy confirmed the uptake of drugs into the cells.
 
 Conclusion: Our results suggest that primary and metastatic pancreatic cancer cells manifest a conserved invasive behaviour depending on the 
3D ECM structure of origin. Moreover, there is an evident alteration in cell response to different cancer-therapies in the presence of a natural 
ECM niche. These observations provide a proof of concept for the development of an effective bioengineered model for drug screening and 
biomarker discovery.
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Background: Random flap transplantation has been widely used in the repair and rebuild of skin soft tissue flap. However, such flaps exhibit 
poor survival. It's quite important to improve the flap survival in plastic surgery.
 Objective(s): This study aims to investigate the effects and the potential mechanism of soybean isoflavones on the survival of random skin 
flaps.
 Materials and Methods: Overlength random skin flap models(measured 9cm*3cm) were set up on 50 healthy male SD rats. They were divided 
into two groups. One group was assigned to be treated with soybean inflavones by gavage(test group) and the other(control group) with 
saline. Normal saline or soybean inflavones [240mg/kg] was instrastrically administrated daily. On postoperative day 4, malondialdehyde(MDA) 
and superoxide dismutase(SOD) were inspected by test kits .On postoperative day 15, the flap survival area was measured with transparent 
graph paper under direct visualization. The levels of microvessels were evaluated by histologic examination(HE). The expression of VEGF was 
immunohistochemically assessed .Angiogenesis was assessed via lead oxide-gelatin angiography, and the blood flow on models was examed 
by laser Doppler flowery.
 Results: In the test group compared with the control group, the flap survival rates are much higher. SOD activity is increased markedly, when 
MDA level decreased. HE reveales the inflammation reaction are significantly attenuated. It as well promotes the expression of VEGF and 
increases skin flap angiogenesis in the tested group.
 Conclusion: Soybean isoflavones can inhibit the ischemical reperfusion injury and increase angiogenesisto improve the flap survival rate in rats.
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Pancreatic fistula is frequent and devastating morbidity after pancreatic surgery. When patients developed pancreatic fistula, leaked pancreatic 
juice damage surrounded tissue and cause sepsis or critical hemorrhage. Prevention of pancreatic juice leakage from pancreatic stump/ 
anastomosis is very important for the sake of safe pancreatic surgery. Covering the cut surface by biomaterials is one of the promising way to 
prevent pancreatic juice leakage, however, past effort for this has not fully succeeded. One of the reason for failure may be inappropriate 
degradation profile induced by pancreatic enzymes. Although degradation profile is one of the most important aspect of biomaterials and 
pancreatic juice possibly affect this, there were little previous reports about biomaterials considering changes by exposure to pancreatic juice. 
Polylactic acid/ polyglycolic acid is promising biomaterial because we can adjust its character in various way by changing their composition, 
type of filaments. We evaluated various poly lactic acid/ poly glycolic acid materials using rat pancreatic fistula model. Here we want to discuss 
the optimal character of biomaterials aiming prevention of pancreatic fistula.
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Introduction
 For a number of congenital anomalies, like spina bifida, it may be advantageous to close the defect in the prenatal period. In case of spina 
bifida, this would prevent in utero degeneration of the exposed spinal cord tissue and improve neurological outcome.
 
 Materials & Methods
 In this study, three full-thickness skin defects were created in sheep at 79 days post gestation of which one was treated with a collagen 
scaffold (COL), one with a collagen scaffold loaded with heparin, vascular endothelial growth factor (VEGF) and fibroblast growth factor 2 
(FGF2) (COL-HEP/GF) and one was left untreated. Skin regeneration was evaluated 1 and 6 months postnatally using semi-quantitative 
histological analysis on excised skin specimens and comprehensive gene expression microarray analysis on laser-dissected dermis and 
epidermis.
 
 Results
 Histology showed that the addition of heparin and growth factors to the collagen scaffold significantly increased the total surface area of 
regenerated skin with hair follicle generation. One month after birth epidermal thickness was increased, but at six months this was reduced to 
near normal thickness. In COL-HEP/GF, scaffold degradation was significantly decreased.
 Gene expression microarrays showed a shift in the total number of differentially expressed genes from the epidermis at one month to the 
dermis at six months. At one month in the epidermis, GO-terms “mitochondrial translational termination” and “mitochondrial translational 
elongation” were enriched in COL-HEP/GF compared to the untreated defect. At six months in the dermis, both collagen scaffold treatments 
led to enrichment of GO-terms related to extracellular matrix organization compared to native skin. Furthermore, fold change analysis revealed 
that the gene expression pattern of COL-HEP/GF more closely resembled normal skin than COL.
 
 Conclusion
 Our data indicate that in utero intervention during skin wound healing with functionalized collagen scaffolds loaded with heparin, VEGF and 
FGF2 has long-term beneficial effects on skin regeneration. This approach offers new possibilities for the treatment of closure defects such as 
spina bifida.
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Skin regeneration after deep dermal injuries is a major clinical problem due to the current therapies limited to poor healing results with 
persistent oxidative stress , slow fibroblast immigration, poor epithelization and insufficient vascularization.Functionalized graphene oxide(GO) 
offers many advantages as a biomaterial in various biomedical applications and antioxidant N-acetyl cysteine (NAC) is known to promote 
endothelial cell function and angiogenesis which may have therapeutic benefits in the setting of skin regeneration. In this study, GO was 
incorporated with collagen I and NAC to make a drug-release 3D scaffold as a potential skin regeneration biosponge in both in vitro and in vivo 
studies. The porosity, water retention and water absorption of the prepared Collagen-Graphene Oxide loaded with NAC(CGN) drug release 
biosponge is measured by dewatering method, and the CGN biosponge is characterized by X-ray diffraction, attenuated total reflectance (ATR)-
FTIR and Raman spectroscopy. The surface property of the CGN biosponge is characterized by employing transmission electron microscopy 
(TEM) and scanning electron microscopy (SEM). The mechanical stability of the CGN biosponge is great as biomaterial. An in vitro cell study 
reveals CGN biosponge can promote cell immigration against human fibroblast. In vivo skin regeneration studies showed faster skin 
regeneration efficiency of CGN biosponge than that of Collagen(C), Collagen-Graphene Oxide(CG) and Collagen loaded with 
NAC(CN),including faster epithelization ,better vascularization and lower IL-7 expression. These findings suggest that CGN drug release 
biosponge could serve as a better platform for skin regeneration applications.
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Elena Giusto，Chaozong Liu，Catherine Pendegrass，Gordon Blunn
Division of Surgery and Interventional Science, University College London, London, UK

Intraosseous Transcutaneous Amputation Prosthesis (ITAP) is a new generation of percutaneous implants, attached by osteointegration to the 
skeleton and protruding through the skin, allowing the mechanical forces to be directly transferred to the body and the external skin being 
freed from frictions and infections. The skin-implant interface is maintained with a flange, which resides below the epithelium, and is designed
 with pores to enhance sub-epithelial attachment.
  
 This study is to investigate the effect of pore size of the flange on soft tissue attachment. Twenty ITAPs of two different flange designs (3D 
printed porous and non-printed plain with pores) were implanted into the tibia of sheep (n=10). Implants were retrieved 3 months post-
operation and analysed for sub-epithelial tissue attachment within the flange and pylon. Signs of infection were also analysed.
  
 It was observed that the skin around the implants was dry and clean, and no infection was observed in all ten sheep. The histology 
examination revealed significant improvement in terms of epithelial downgrowth and epithelial and sub-epithelial attachment in the 3D flange 
group compared with plain flange group. However, the soft tissue attachment and epithelial attachment are varied between implants and no 
statistically significant differences were observed. It is postulated that flange design is not the only factor influencing the soft tissue attachment 
and epithelial attachment, but the surface morphology and surface chemistry are also fundamental factors.  As future work, the flange surface 
will be modified with TiO2 nanotubes in order to improve the cell attachment. Preliminary work on TiO2 nanotubes has demonstrated their 
potential in enhancing cells attachment and will be further investigated.
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PR China

Background: Deep wounds have always been a thorny issue in plastic and reconstructive surgery for poor blood supply. Skin flaps, with self-
blood supply and integral structure of epidermis, dermis and subcutaneous soft tissue, have usually become the fisrt choice for the treatment 
of deep wounds. However, the inevitable secondary injury in donor site impede the application of autologous skin flap transplantation. Skin 
flap constructed by tissue engineering technology has brought hope to solve this problem.In response to the problems above, our group took 
the lead in using tissue engineering technique to construct composite skin fla
 Object: To establish a rat model Cconstructing full-thickness skin flap with allogeneic epidermal sheet, porcine acellular dermal matrix and 
autologous adipose tissue and exploring an effective vascularization strategy.
 Methods: First, we used porcine acellular dermal matrix(PADM) as a dermal substitute and applied laser punching technique to improve the 
permeability of PADM. After that, stromal vascular fraction(SVF) extracted from inguinal adipose was co-cultured with PADM for 4 weeks in 
vitro, developing an initial vascular network to ensure the early blood supply of PADM after transplantation. Then silica gel,allogeneic epidermis 
and microporous PADM was embedded into the back of rats in one step. After the tissues above wereas fully vascularized, adipose tissue with 
ADSCs was injected thereon. Finally, the prefabricated full-thickness skin flap was used to repair the adjacent deep wound.
 Result: The laser-perforated PADM had significant vessel ingrowth in the hole after transplantation, and there was no obvious contracture of 
PADM postoperation which meant laser punching did not affect the intensity of PADM. The surface of PADM could form microvascular network 
after 4 weeks’co-culture with SVF, ensuring the early blood supply of PADM after transplantation. After two weeks’incubation, adipose tissue 
could survive and connect with PADM through the fascia. The skin flap almost entirely survived 6 weeks postoperatively, and epidermalization 
could be seen. HE staining confirmed that the tissue engineering skin flap, with complete structure of epidermis, dermis and subcutaneous soft 
tissue, was well compatible with the surrounding normal skin. 
 Conclusion: Our pioneering research demonstrates the feasibility of fabricating a tissue engineering comnposite skin flap and its application in 
deep wound repairing., 
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Cutaneous wound healing requires a complex interplay of cell action to orchestrate haemostasis, inflammation, deposition and remodelling 
processes to repair a wounded site1. Dermal scaffolds aim to improve the final appearance and function of skin after completion of the healing 
process by providing biocompatible exogenous dermal material to aid endogenous processes2. In this study, the functional and aesthetic 
outcomes of treatment with the collagen-based scaffolds, and fibrin-based SmartMatrix® dermal scaffolds was studied on 4cm diameter 
circular full thickness wounds, in comparison to healing by secondary intention or with a split thickness skin graft.
 
 Biomaterial performance was assessed histologically using wound biopsies taken regularly over a period of 6 months, allowing assessment of 
healing rate, graft take, epidermal coverage, angiogenesis and inflammation. Each biomaterial furthermore showed characteristic individual 
behaviour in vivo, showing unique aspects of persistence, cell infiltration and associated cell behaviour within or adjacent to the biomaterial.
 
 Finally, the macroscopic phenotype of treated wounds was observed, with changes in superficial blood perfusion in early wounds measured 
using laser doppler flow assessment, aesthetic outcome appraised and compared, and changes in wound area, volume and depth measured 
using Eykona 3D imaging. This study documents significant differences between commonly used dermal scaffolds and a novel fibrin-based 
dermal scaffold likely to show clinically significant differences in wound healing outcome.
 
 1 Epstein, F. H., Singer, A. J., & Clark, R. A. F. (1999). The New England Journal of Medicine, 341(10), 738–46
 
 2 Nicholas, M. N., Jeschke, M. G., & Amini-Nik, S. (2016). Cellular and Molecular Life Sciences, 73(18), 3453–3472. 
 
 This work was funded by SmartMatrix Ltd and analysed by the Restoration of Appearance and Function Trust (registered charity number 
299811).
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Wound dressings are used for providing a suitable environment to facilitate skin regeneration[1]. Many investigations of the electrospun 
nanofibrous membrane used as wound dressing have been conducted because of its innate properties, such as high porosity and large specific 
area[2].Nevertheless, the nanofibrous membrane is too thin to absorb fluids such as blood and exudation and it is necessary to keep wound 
clean and dry as wound dressing[1]. Moreover, the nanofibrous membrane cannot directly accelerate the process of wound healing particularly 
in disease condition, such as diabetes and usually requires further cross-linking steps to keep a functional biomaterial as wound dressing[2].
   Collagen is widely used not only as a material as wound dressing owing to its favorable characteristics, which include biocompatible, non-
toxic, biodegradable, hemostatic, and great water-absorbing quality, but also as a appropriate material for drug delivery system[3]. It has been 
reported the N-Acetylcysteine (Nac) accelerates wound healing owing to its ability to scavenge overproduced reactive oxygen species[4]. In this 
study, collagen had been crosslinked with Nac to make an antioxidative drug-loaded collagen, which made it possible to keep effective drug 
concentration on wound area. However, the antioxidative drug-loaded collagen has its limitation that it’s too weak to bear stress as wound 
dressing[5].
 To overcome these limitations, we presented a class of wound dressing which was constructed in the form of a 'sandwich': consisting of 
collagen loaded with N- acetylcysteine on the top and bottom and the electrospun nanofibrous membrane at the core.The sandwich-type 
antioxidative nanofibrous membranes have a great potent on wound dressings and may provide a good solution for the treatment of chronic 
wound including diabetic ulcer and pressure ulcer.
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 [1]Boateng JS, Matthews KH, Stevens HN, Eccleston GM.J. Pharm. Sci. 2008; 97:2892–2923.
 [2]S. Ramakrishna , K. Fujihara , W. E. Teo , C. T. Lim , Z. Ma , Ed.World Scientifi c Publishing Co. Pte. Ltd , Singapore 2005.
 [3]Abou Neel, E.A.; Bozec, L.; Knowles, J.C.; Syed, O.; Mudera, V.; Day, R.; Hyun, J.K.Adv. Drug Deliv. Rev. 2013, 65, 429–456.
 [4]Lungu, A.; Titorencu, I.; Albu, M.G.; Florea, N.M.; Vasile, E.; Iovu, H.; Jinga, V.; Simionescu, M. Dig. J. Nanomater. Biostruct. 2011, 6, 1897–
1908.
 [5]Abou Neel, E.A.; Bozec, L.; Knowles, J.C.; Syed, O..Drug Deliv. Rev. 2013, 65, 429–456. 
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Virginia Llopis-Hernandez1，Felix Warren1，Manuel Salmeron-Sanchez2，Matthew Dalby1
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We are working towards an effective, safe therapeutic solution in the management of complex (partial and full thickness) wounds. Non-healing 
ulcers, among other problems, can lead to infection and disability and current wound management protocols are not satisfactory. Wound 
healing is promoted by a number of growth factors (GFs) including platelet-derived GF-BB (PDGF-BB) and bone morphogenetic protein 2 
(BMP2). Current GF products have a large associated cost and potential adverse effects (e.g. PDGF containing Regranex® warns not to use 
more than 3 times due to health warnings such as death secondary to malignancy and BMP2 containing InFuse has a safety warning issued).
 
 Appropriate interactions of GFs with the extracellular matrix are critical to regulation of signalling and effectiveness. Our approach utilizes 
poly(ethyl acrylate) (PEA) that promotes self-organization of fibronectin (FN) into biological nanonetworks, unravelling the FN molecule to 
reveal cell adhesive and GF binding domains. We have previously shown successfully effectiveness of this system to deliver BMP2 for bone 
regeneration (1). Here, we use PEA to facilitate exposure of FNIII12-14 to bind PDGF-BB in close apposition to the integrin binding FNIII9-10 
domain. The FN nanonetworks sequester PDGF-BB at very low concentration (100 ng/ml) compared to GF containing products (approx. 300 
fold lower). A newly approach is the introduction of cytokines that are critical to wound healing, making use of the FNI1-5 domain that has been 
demonstrated to bind and efficiently present cytokines/chemokines (2). The biological activity of the system with the GF PDGF-BB and 
chemokines CXCL11 and CXCL12 has been evaluated in vitro using fibroblasts (L929 and hTERT) to correlate enhanced cellular migration to 
the wound site with the synergistic presentation of GFs and chemokines using wound healing assays. The future implantation of the system in 
clinics in a bandage form has been studied looking at the release of the PDGF-BB, CXCL11, and CXCL12. Further experiments using 
keratinocytes have been performed to analyze their migration and maturation. The accelerated cell migration coupled to low dose PDGF-BB 
delivery will provide cost-effective, safe, enhanced wound closure.
 
 We acknowledge MRC grant MR/L022710/1 and EPSRC grant EP/P001114/1
 
 1. Llopis-Hernandez, V et al Science Advances 2, 8, 2016
 2. Tortelli F et al Plos One 8, 10, 2013
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Reza Jarrahy1

1Regenerative Bioengineering & Repair (REBAR) Laboratory, Division of Plastic and Reconstructive Surgery, Department of Surgery, David Geffen School of Medicine, University of California Los 
Angeles，2Simpson Querrey Institute for BioNanotechnology, Northwestern University

Objectives: Burns are physically debilitating and potentially fatal injuries. The standard-of-care for burn wounds is the coverage with gauze 
dressings designed to minimize trauma to the regenerating epidermis and dermis during dressing changes. However, deep-partial and full 
thickness burns always heal slowly when standard wound care alone is performed. We have previously reported that peptide amphiphilic (PA) 
gels, pH-induced self-assembling nanostructured fibrous scaffolds, promote cell proliferation and have great potential in regenerative medicine 
for rapid repair of tissues. In this study, we hypothesized that the PA gels are capable of accelerating wound healing in burn injury. 
 Methodology: Artificially generated thermally-damaged fibroblasts and human umbilical vein endothelial cells were seeded onto the various PA 
nanofiber gels including backbone-PA (C16-VVVAAAEEE), E2-RGDS PA (C16-VVAAEERGDS) and E3-RGDS PA (C16- VVVAAAEEEGGGGGRGDS). 
Cell proliferation was assessed at different time points and thermally-damaged fibroblasts and HUVECs manifested increased proliferation with 
time when cultured with various PA gels. To determine in vivo effects, burn wounds of rats were treated with the bioactive RGDS modified PA 
(E3-RGDS-PA) gel that showed greater cell proliferation in vitro. The wound closure was observed and skin samples were harvested for 
histologic evaluation. 
 Results: Cell proliferation using the RGDS-PA gel was significantly higher than that observed in other gels. The RGDS-PA gel significantly 
enhanced re-epithelialization during the burn wound healing process between days 7 and 21. Application of PA gels accelerates the recovery 
of deep partial thickness burn wounds by stimulation of fibroblasts and the creation of an environment conducive to epithelial cell proliferation 
and wound closure. 
 Significance: This biomaterial represents a new therapeutic strategy to overcome current clinical challenges in the treatment of injuries 
resulting from burns.
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	 03-P407	 Platelet derivatives, alginate and sericin: an activated biomembrane as medical patch in skin regeneration 

Maddalena Mastrogiacomo1，Marta Nardini1，Marina Torre2，Sara Perteghella2，Ranieri Cancedda3

1DIMES, University of Genoa, Italy，2Department of Drug Science, Medical Chemistry and technology section, University of Pavia, Italy，3Biorigen Srl, Genoa, Italy

Chronic skin wounds with different etiophatology as pressure or foot/leg   diabetic ulcers, heavily compromise the patients' life quality and 
represent   a high and constantly growing cost for National Health Services. Platelet derivatives   (PL) has been used in clinical practice for 
reparative treatments of these   pathologies, given their capacity to activate cell recruitment,   proliferation, differentiation, as well as to 
regulate angiogenesis. Previous   work of ours (Spanò et al, 2016) demonstrated that Platelet Rich Plasma based   biomembranes, with a 
standardized platelets concentration, can play a   critical role in skin regeneration. In this context, we here report the   development of a 
sericin/alginate sponge-like membrane as a new delivery   system of PL. 
    Sericin, alginate and PL were solubilized in distilled water   and cast into freeze-dried molds. An in   vitro test was performed to quantify the 
growth factor release from   sponge/PL membrane by ELISA kit and the biological activity of the   released factors was tested on BMSCs by cell 
proliferation and wound scratch   assay. In vivo efficacy of   sponge/PL was evaluated by skin mouse model. The lesions were treated with 
sponge   membranes, with or without PL, and covered by Tegaderm™. The animals were sacrificed   at different times (3, 7 and 21 days and a 
histological investigation was   performed. 
    In vitro results indicated that the release of growth   factors and the biodegradation of sponge membrane occurred within 48 hours, a   time 
optimized to burst the healing process. The biological   activity of the factors released by the sponge membranes containing PL,   characterized 
by cell proliferation and migration, was maintained. The in vivo experiments demonstrated that membranes   containing PL promoted a more 
rapid wound closure compared to the lesion   treated with sponge without PL. In particular the histological analysis showed a strong   
inflammatory reaction in the sponge/PL implants at day 3, in agreement with   the effect of PL observed in vitro. However a more evident 
reconstitution of the   subcutaneous layer was observed in the following days. 
    In conclusion the   sponge/PL membrane including PL, represents a powerful tool for the   treatment of skin ulcers being able to reduce the 
length of the inflammatory   phase, to accelerate the resolution phase and to promote a more efficient closure   of the wound.
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Chronic wounds are a worldwide problem with high impact on public health and economy. About 15% of older adults suffer from this 
condition in the US, with increasing incidence of 2 to 3 million a year [1, 2]. And it is estimated that 12% of these patients will need amputation 
[1]. The rising tendency of chronic wounds demands more effective therapies. Exosomes are vesicles with a diameter of 30-200nm originated 
in multivesicular bodies and contain bioactive proteins, lipids and RNA [3].
 In the present work, we hypothesized that umbilical cord blood mononuclear cells (hUCBMNCs) can be a source of bioactive nanovesicles 
(NVs, including exosomes) with regenerative potential for chronic wounds that could be potentiated by a controlled delivery platform. 
 NVs obtained upon sequential ultracentrifugation have typical exosome morphology, size, zeta potential, and markers. NVs were internalized 
by skin cells (keratinocytes, fibroblasts, and endothelial cells), and demonstrated bioactivity by increasing cell proliferation, survival, migration in 
a scratch assay and endothelial cells tube formation. In vivo, a twice a day topical administration of low amounts of NVs enhanced wound 
healing kinetics in diabetic and non-diabetic mice, as compared to control (PBS) and PDGF-BB (FDA-approved advanced therapy). Moreover, 
we developed a hyaluronic acid (HA) photo-sensible hydrogel that allowed the controlled release of NVs in the wound site and further 
improved healing kinetics, as evaluated by macroscopic observation and histological analysis, by modulation miRNA expression in the skin. 
RNA-Seq analysis of the NVs revealed a very complex miRNA composition and in vitro and in vivo tests demonstrated that the most prevalent 
miRNA was partially responsible for their bioactivity.
 In summary, a new platform for delivery of therapeutic nanovesicles was successfully developed and represents a promising tool for the 
treatment of chronic wounds.
 
 1. Sen CK, et al. Wound Repair Regen 17, 763, 2009.
 2. Rani S, Ritter T. Adv. Materials, 28, 5542, 2016.
 3. Raposo G, Stoorvogel W. J Cell Biology, 200, 373, 2013.
 
 Funding
 FCT (SFRH/BDE/103512/2014; MITP-TB/ECE/0013/2013; EXCL/DTP-PIC/0069/2012; UID/NEU/04539/2013); QREN-COMPETE (FCOMP-01-
0202-FEDER-038631; ExoCord project - Stemlab & Biocant); Portugal 2020-COMPETE (Stem cell based platforms for Regenerative and 
Therapeutic Medicine proj., Centro-07-ST24-FEDER-002008; StrokeTherapy proj. -Stemlab, Rovisco Pais and Universidade de Coimbra).
 



767

a91954

	 03-P409	 Amentoflavone, a biflavonoid, Increase Stem Cell Activity of Interfollicular Epidermal Cells by Modulating 
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Amentoflavone (C30H18O10) is a well-known biflavonoid occurring in many natural plants. It has various bioactivities, including anti-inflammation, 
anti-oxidation, anti-diabetes, and anti-senescence effects. It also exhibits MMP-1 inhibitory activity in human dermal fibroblasts. Thus, it was 
hypothesized that it may affect skin aging by affecting epidermal stem cells. We investigated the effect of amentoflavone on epidermal cells by 
constructing skin equivalents. Immunohistochemical staining of cellular markers and the quantification of α6 and β1 integrin expression were 
performed to investigate the effects of amentoflavone on skin cells. Amentoflavone increase the thickness of epidermis and the density of basal 
layer cells. It also increased the expression of PCNA, p63, α6/β1 integrins, and involucrin. Our study suggests that amentoflavone may 
increase the number of interfollicular epidermal stem cells and regenerative potential of the epidermis by increasing the expression of α6 and 
β1 integrin. Downregulation of miR144 was observed. It means that amentoflavone increased the expression of both integrins by decreased 
expression of miR144. Our study strongly suggests that amentoflavone may affect the interfollicular epidermal stem cells by modulating the 
basement membrane, which can provide a niche environment. 
 Acknowledgement: This work was also supported by the Technology Innovation Program 10053020, Development of In Situ 3D Bioprinting 
System for Wound-Tailored Skin Regeneration funded By the Ministry of Trade, Industry & Energy (MI, Korea).
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LTBP-2 belongs to the fibrillin-LTBP superfamily of extracellular matrix proteins. Unlike other LTBPs, LTBP-2 does not covalently bind TGF-beta 
and its molecular function remains unclear. The aims of this study were to determine the function of LTBP-2 on a) elastic fibre assembly b) FGF-
2 storage and activity and c) TGF-beta expression in fibroblasts. Additionally the expression and distribution of LTBP-2 in fibrotic skin disorders 
was determined. We have previously presented evidence that LTBP-2 is a negative modulator of elastic fibre assembly. New data using ear 
cartilage chondrocyte cultures shows that this inhibition is largely confined to the stage of elastin deposition onto the fibrillin microfibril 
scaffold. Thus LTBP-2 levels may regulate the rate and extent of elastinogenesis in some tissues.
 
 Previously we reported that LTBP-2 strongly binds FGF-2 at a single central binding site. We have now shown that 5-fold molar excess LTBP-2 
can completely block FGF-2 stimulation of fibroblast proliferation. Extensive co-localisation of LTBP-2 and FGF-2 was observed and quantitated 
in human hypertrophic scars and keloids. Furthermore, qPCR confirmed elevation of LTBP-2 and FGF-2 expression in these fibrotic tissue 
samples. The results support the concept that increased LTBP-2 expression in fibrotic disorders may act as mechanism for reducing FGF-2 
activity by binding the growth factor and inhibiting normal repair processes.
 
 LTBP-2, or a small bioactive fragment LTBP-2C F3, stimulates TGF-beta expression and secretion in MSU 1.1 skin fibroblasts. The addition of 
exogenous LTBP-2 or fragment F3 to the culture medium resulted in significantly increased levels of latent TGF-beta in the medium after 9h 
peaking at 15h. The signalling mechanism appears to involve the PI3K/Akt and p38 MAPK pathways, as incubation of cells with LTBP-2 (10µg/
ml) elevated Akt 1/2/3 Ser473 and P38 D-8 phosphorylation after 30 min, as assessed by Western blot analysis.  
 
 In conclusion, these findings are consistent with LTBP-2 having novel regulatory functions in growth factor modulation and fibrogenesis which 
may lead to novel therapy development for fibrotic diseases.
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Re-epithelialization is one of the most critical phases of wound healing, involving the re-establishment of the epidermal layer through 
keratinocytes migration. This process is mainly regulated via paracrine signaling of cytokines, chemokines and growth factors secreted by 
dermal fibroblasts. Besides, extracellular calcium plays a vital role in stimulating keratinocytes differentiation during epidermis maturation. This 
study aimed to investigate the role of calcium along with the secretory factors of dermal fibroblasts, which was collected as dermal fibroblasts 
conditioned medium (DFCM) during in vitro culture.  DFCM was prepared by culturing confluent fibroblasts with serum-free keratinocyte-
specific (DFCM-KM) and fibroblast-specific (DFCM-FM) medium. DFCM collected after 3 days of incubation (DFCM-KM-3 and DFCM-FM-3) 
contains a higher concentration of protein compared to medium after one and two days of incubation. Besides, calcium concentration was 
significantly higher in DFCM-FM-3 (1.08 mmol/L) compared to DFCM-KM-3. It was also found that DFCM-KM-3 enhanced keratinocyte 
attachment, while DFCM-FM-3 significantly increased keratinocyte wound healing rate in a dose-dependent manner compared to other 
conditions. Supplementation with DFCM-FM-3 resulted in an increment of keratinocyte area and collective cell migration during healing, which 
was distinctly different from keratinocytes supplemented with DFCM-KM-3 or cultured in control medium. Further analysis confirmed that the 
presence of calcium at a higher concentration in DFCM-FM facilitated the changes. These results indicate that both extracellular calcium and 
fibroblast secreted proteins assist the re-epithelialization process, and potentially be used to improve wound healing efficiency.
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Several studies, primarily in animals, are showing a synergistic effect when basic fibroblast growth factor (bFGF), a glycoprotein which 
enhances granulation and inhibits scar formation [1-7], is used together with artificial dermis [1-3, 8-12]. Our previous works on collagen/
gelatin sponges (CGSs) not only showed that CGS can release bFGF for about 10 days, but also demonstrated its efficacy in the treatment of 
chronic ulcers in animal and clinical studies [1-2]. However, although CGSs have proved successful in improving wound repair, in vivo overtime 
bioactivity of the released bFGF has not been thoroughly investigated yet.
 In this study, CGSs impregnated with bFGF at 7 mg/cm2 were kept at 37°C for 1, 2, 3 , 5, 7 and 14 days. Then, after immersion in collagenase 
solution at 37 °C, CGSs were completely digested within 6 hours, and the obtained mixtures were used to test the bFGF bioactivity. Indeed, to 
investigate the possible pro-growth effect of bFGF, the viability of fibroblasts exposed to serial dilutions of extracts from the CGSs was 
examined through WST-8 assay (Cell Counting Kit-8 (CCK-8), Dojindo Laboratories, Japan). The fibroblasts demonstrated viability comparable 
to the negative control (DMEM medium without FBS), because the presence of collagenase significantly decreases the proliferative activity. 
However, when the collagenase in each mixtures was neutralized by the addition of 2% FBS, a viability significantly higher than positive control 
(DMEM medium with 2% FBS) were detected.
 Therefore, these results clearly indicate that the CGSs provide controlled release of bFGF over several weeks and preserved its bioactivity.
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Introduction
 Chitin and lignin, by-products of fishery and plant biomass, can be reused and converted to high value materials for biomedical and cosmetic 
applications, which are bio- and eco-compatible. On the nanoscale, chitin and lignin crystalline structure and purity can be controlled, resulting 
inhigh antibacterial, anti-inflammatory, cicatrizing and anti-aging effectiveness (1).Combining electropositive chitin nanofibrlis (CN) and 
electronegative nanolignin (NL) gives rise to microcapsules able to entrap both hydrophilic and lipophilic molecules. The aim of this study was 
to test the efficacy CN-NL complexes in vitro  with human keratinocytes (HaCat cells) and human mesenchymal stromal cells (hMSCs) for the 
delivery of glycyrrhetinic acid (GA), as a biomolecule with antibacterial and anti-inflammatory activity.
  Materials and Methods
 HaCat cells were cultured in presence of CNs, NL, CN-NL, 0.2% GA and CN-NL/0.2%GA and MTT assay was performed at 48 h to define the 
optimal concentration of each component. Therefore, the anti-inflammatory and immune responses of HaCat cells were evaluated by assaying 
the expression of pro-inflammatory 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) by RT-PCR at 6 h and 24 h. HMSCs isolated from the bone marrow were cultured with the 
abovementioned components for 1 week. AlamarBlue was used to monitor hMSC viability at higher and lower concentrations. After 1 week, 
hMSCs were osteoinduced for 1 week and mineralization was detected by von Kossa staining. 
  Results and Discussion
 By using HaCat cells, non-toxic concentrations were identified for each component. Interestingly, the presence of GA, both alone and within 
the CN-NL complexes, increased 1.5 time the usable concentration. 
 Our data indicated that GA markedly down-regulated the expression of proinflammatory cytokines IL-1 alfa, IL-1 beta, IL-6, IL-8 and TNF-alfa 
and up-regulated the expression of HBD-2 in HaCat cells.HMSCs were viable, with no appreciable differences using 2× concentration of CNs, 
NL, CN-NL, GA and CN-NL/GA. Their use did not modify osteo-differentiation capability of hMSCs. 
  Conclusion 
 These findings demonstrate that CN-NL/GA complexes are cytocompatible and have an anti- inflammatory activity on human keratinocytes.
  Acknowledgement
 This study is funded by H2020 project PolyBioSkin (G.A. 745839).
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a93169

	 03-P412	 Low dose stingless bee honey increases viability of human dermal fibroblasts that could potentially promote 
wound healing

Abid Nordin1,2，Nur Qisya Afifah Veronica Sainik1,2，Shiplu Roy Chowdhury2，Aminuddin Bin Saim3，Ruszymah Bt Hj Idrus1,2

1Department of Physiology, UKM Medical Centre, Cheras, Kuala Lumpur, 56000 Malaysia.，2Tissue Engineering Centre, UKM Medical Centre, Cheras, Kuala Lumpur, 56000 Malaysia，3Ear, Nose 
and Throat Specialist Clinic, Ampang Puteri Specialist Hospital, Ampang, Selangor, 68000 Malaysia

Wound healing is a series of complex coordinated events involving a number of cellular and molecular components. Dermal fibroblast is one of 
the key player in wound healing physiology, contributing in key processes within the phases of wound healing. Data on the clinical efficacy of 
honey in wound healing is well established. However, majority of the research, focus on honey produced by honey bee (Apis mellifera) and 
little is known of stingless bee honey. This study seeks to evaluate the effect of freeze-dried stingless bee honey on the cell viability and 
proliferative capacity of dermal fibroblast. Dermal fibroblast viability will be evaluated via MTT assay, microscopic evaluation and cell cycle 
analysis. Short-term exposure of dermal fibroblasts to different honey concentrations revealed a multi peak increase in cell viability at honey 
concentration of 0.024, 200, and 6400 µg/ml. Long-term exposure of 0.024, 200, 6400 µg/ml honey concentrations to dermal fibroblast proves 
to be non-toxic under microscopic evaluation and MTT assay. The selected dose of honey also improve proliferation and did not alter normal 
cell cycle progression in dermal fibroblasts. The positive effect that honey have on the proliferation of dermal fibroblast suggested the 
capability of stingless bee honey to improve the skin regeneration.
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Background : Second degree superficial and deep burns are challenging in their diagnosis based on the clinical appearance and evolution of 
the lesions. Superficial second degree burns require conservative treatment while deep second degree burns need surgical treatment. Pulse 
dye Laser (PDL) is a method of creation of a burn, depending on the fluence and the duration of the light. Our goal is to develop a model of 
burn skin at different depth in order to improve therapeutic strategies. 
  
 Study Design:  A model of burn ex vivo (1x1cm2) was made on human skin by varying fluence (and pulse number, duration) of a PDL. Skin 
samples were then held in culture and studied at different days after the burn in order to verify the histology and the capacity of the skin to 
heal spontaneously. 
  
 Results: These results show that the ex vivo model used on human skin is specific and reproducible in order to create second degree 
superficial and deep burns, close to clinical reality. 
  
 Conclusion: Ex vivo model used on human skin will surely allow the experimentation of new treatments and the use of cosmetic products in 
order to improve the management of burn patients.
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When skin wound occur, hydrogel patches have been generally used as wound dressing for wound healing. Poly (vinyl alcohol) (PVA) is known 
as a commonplace material which has non-toxicity, non-carcinogenicity, biocompatibility and easy processing to fabricate hydrogel patch. Red 
sea cucumber (RSC) is widely found in Jeju Island in Korea and RSC decomposed by flavourzyme increased cell proliferation and collagen 
synthesis on neonatal normal human dermal fibroblast (NHDF) then others. So, we designed to fabricate PVA hydrogel patches blended with 
RSC without chemical crosslink by using freezing/thawing method. We evaluated in vitro release property of hydrogel patches (0.25, 0.5, 1.0%) 
then swelling property in water and mechanical property to know hydrogel patch’s mechanical characterization. As a result, we observed that 
hydrogel patches blended with RSC have a high water absorption and mechanical properties are suitable. Although further studies, including in 
vivo and signaling pathway for wound healing, will be studied, the comprehensive results suggest that hydrogel patches blended with RSC are 
promising candidates for wound dressing and tissue engineering applications.
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Introduction
  Human acelluar dermal matrices (ADMs) are widely used in tissue regeneration, including the treatment of burns and chronic wounds. An 
ideal dermal matrix should be biocompatible with good physical properties such as tensile strength and flexibility. And it also should be able to 
stimulate homogeneous cell proliferation and extracellular matrix (ECM) distribution without causing any immune response. As one of safe and 
effective biomaterials, lyophilized ADM has been widely used in many fields as a typical skin substitute. However, the physical properties of 
lyophilized ADM is not good enough compared to fresh skin. In order to improve ADM’s physical properties, especially the flexibility of ADM, 
we manufactured the raw skin materials without lyophilization process. After that, the biological and physical properties of ADM were 
evaluated.
 
 Materials and methods
  Lyophilized ADM(L-ADM) was prepared as follows : removal of the epidermis, decellularization, viral inactivation, and freeze-drying.Hydrated 
ADM(H-ADM) was prepared in the same way except the last freeze-drying step. After the whole process was done, L-ADM and H-ADM were 
evaluated by histological assessment (H&E staining), stiffness and tensile strength measurement. In order to observe cell proliferation and 
morphology on skin samples, fibroblasts (L-929 cell) were cultured on the surfaces of L-ADM and H-ADM, respectively. After 4 and 7 days, the 
cell proliferation was measured by MTT assay, H&E staining, and SEM.
 
 Results and DiscussionIn
  this study, we removed the freeze-drying step to improve the flexibility of ADMs and compared the biological&physical properties of H-ADM 
with traditional L-ADM. We found that both two groups were well-decellularized. The flexibility of H-ADM was higher than L-ADM, but the 
tensile strength did not show significant difference between two groups.In addition, we also evaluated the cell proliferation on H-ADM and 
L-ADM by using MTT assay, H&E staining and SEM. All results indicated that cells attached and proliferated equally well on both surfaces.In 
conclusion, we confirmed that H-ADM showed better physical properties than L-ADM, as well as good cell proliferation ability.
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Skin epithelial cell (keratinocyte) culture and self-assembled skin substitutes (SASS) have greatly improved treatments for patients with severe 
burns. Currently, to properly culture human keratinocytes, fetal bovine serum (FBS) must be added to the medium. However, FBS exact 
biological composition is undefined and variations occur from batch-to-batch. FBS is also associated with a risk of xenogeneic pathogen 
transmission. For these reasons, discarding FBS usage in research and clinical contexts is desirable. Although keratinocyte-specific serum-free 
(defined) media are commercially available, they are not effective in culturing keratinocytes for more than a few passages and are not suitable 
for SASS production. Therefore, we aimed to develop a defined medium optimized for keratinocyte expansion and SASS production. Three 
candidate molecular factors capable of substantially promoting keratinocyte growth were initially identified from an experimental screening on 
one epithelial cell population. Different iterations (α, β, and γ) of our defined medium for keratinocytes (DMK), which contained these factors 
in variable concentrations were then ranked over their ability to sustain culture quality. Daily population doublings, number of passages, and 
cell size were used as proxies. Keratinocytes cultured in DMKβ were smaller and could be grown over at least as many passages as in FBS-
containing medium and more passages than the other DMK iterations. Also, keratinocyte population doubling rates were greater in DMKβ. 
Keratinocytes cultured in either DMKβ or FBS-containing medium were morphologically comparable. SASS were then produced with both DMK
β and FBS-containing medium using keratinocyte populations from four donors. SASS macroscopic and histological analyses showed no clear 
differences between those produced with DMKβ or FBS-containing medium. SASS similarity was further confirmed with immunolabelling of 
keratins 1 and 5, Ki67, and filaggrin. A portion of the amplified keratinocytes used to produce the SASS were also used to compare complete 
transcriptomic profiles with RNA microarrays. R2 for cells cultured in both media was nearly 0.99 and no more than 0.25% of gene targets were 
significantly differentially expressed. In conclusion, this new defined medium is promising for keratinocyte culture and SASS production for 
research and clinical purposes.
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Skin is the largest organ of the human body and the first barrier to outer environment. In case of injury, for example burn wounds, the barrier is 
compromised and the body is more exposed to the damaging environment. For larger injuries, skin transplants might be needed. However, this 
cause additional pain and suffering for the patient. 
 3D bioprinting can be used for biofabrication of human skin grafts with autologous cells. The printed skin can be transplanted with perfect fit 
to the patients wound, and thereby solve the problem with lack of skin for transplantation. 
 In this study, we compare a bioink based on fibrin, a native human protein active in the wound healing process, mixed with nanocellulose and 
alginate modified with RGD to control (bioink without fibrin). Human dermal fibroblasts (HDF) were mixed with fibrin bioink or control and 3D 
bioprinted. Human epidermal keratinocytes (HEK) were seeded in pure fibrin on top of the constructs. The printed constructs were implanted 
subcutaneously in mice. At 14 and 28 days, the scaffolds were harvested for histological and immunohistochemical analysis. Cell viability was 
high in both groups directly after printing. Histological analysis showed both cells in the construct and mice cells infiltrating. 
Immunohistochemical stainings for cell proliferation, formation of basement membrane, keratinocyte detection, and neovascularisation are 
under investigation. 
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A variety of human skin models have been developed for applications in regenerative medicine and efficacy studies. Typically, these in vitro 
models employ matrix proteins and scaffolds that are derived from non-human sources along with human skin cells, the fibroblasts and the 
keratinocytes. A key limitation of these models is that they still fail in recapitulating the cellular and microenvironmental complexity, such as 
presence of vasculature, multiple cell types (for e.g., melanocytes, neural and immune skin cells) and adnexal structures (for e.g., hair follicles, 
sebaceous and sweat glands), that are representative of human physiology. The use of recombinant extracellular matrix proteins as well as 
introduction of other cell types can overcome these limitations. In parallel, there is a growing interest in employing 3D bioprinting platforms for 
tissue engineering given the possibility for precise cell positioning, flexibility, reproducibility and high throughput. Here we present our work on 
increasing the complexity of reconstructed skin models through the (i) evaluation of animal and non-animal derived scaffold proteins, (ii) 
inclusion of other cells types (e.g. melanocytes) and (iii) adnexal structures (e.g., hair follicle) using 3D bioprinting. The screening of the basal 
membrane proteins (collagen IV, laminin and fibronectin) demonstrated that certain protein combinations increase proliferation of 
keratinocytes compared to the control (no protein coating) and improve epidermal differentiation. In the investigation of the dermal 
components (collagen I and III, elastin and hyaluronic acid), the primary influence on the rate of fibroblast proliferation was attributed to the 
source of the collagen type I (rat tail, human and bovine). We will present our results on the influence of the specific bioinks on fibroblasts and 
keratinocytes from different donors (adult and neonatal skin origins) as well as our preliminary data on the inclusion of the dermal papilla cells 
for hair follicle regeneration using 3D bioprinting. Our approach highlights the relevance of the bioinks composition and the 3D bioprinting 
technology to the development of complex Reconstructed Skin Models that are suitable for clinical translation. 
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What can be more important for skin than the visual aspect, even if this skin is produced in vitro for therapeutics or testing purposes? A lot 
more for sure but when all the other aspects such as multi-layered structure (hypodermis, dermis and epidermis), autologous cell content and 
on demand availability using 3D printing are already present, this is the final touch.
 We are presenting today a full thickness skin tissue produced using medical grade 3D printing technology and having the unique capability of 
sun tanning. The deeper layer of the in vitro engineered skin is the hypodermis, containing mature adipocytes with lobules of fat. The skin have 
the ability to produce a strong network of cellular matrix components, including elastin and other human skin markers in its middle layer 
(dermis). Finally, the epidermis of this skin, containing keratinocytes and melanocytes also presents typical skin microrelief that provides a good 
indicator of the quality and underlying structure of skin tissue.
 Proof are given through immunostaining and electronic microscopy that this bioprinted skin presents all characteristics of human skin, both at 
the molecular and macromolecular level.
 This skin, printed directly on the patient using fully implantable medical grade bio-ink (cGMP) mixed with autologous cells from simple biopsy, 
will have soon a strong impact on skin surgery strategies, particularly for severe burn patients. The technique used here is taking advantage of 
our cold extrusion bioprinting strategy 1-2 together with a specially designed 6-axis robotic arm having the ability to print directly on 3D 
complex shapes such as human body. 
 This application will also be presented with results from our pre-clinical small animal study using in vivo bioprinting of dermis/epidermis 
constructs.
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Skin wounds are a massive problem within the medical community and the current standard of care becomes increasingly complex as the size 
and severity of the wound increases. Currently, the gold standard of severe wound care is a split-thickness skin graft which uses a smaller 
portion of the patients own skin and expands it to cover the wound. However, there is a limit to the area this treatment can cover and it can 
leave the patient with additional discomfort from the graft site. With recent advances in 3D bioprinting it is theorized that this technology could 
be used to print functional tissues and organs from a patient’s own cells for later transplant into that patient. If this goal can be applied to skin 
wounds, then the medical community could significantly reduce the cost of care and time for treatment while simultaneously increasing the 
maximum wound surface area that is considered treatable.
 In this project, human dermal fibroblasts were suspended in a polysaccharide and fibrin based bioink and printed alongside a sacrificial ink for 
greater precision. The increased control over bioink distribution should allow for greater nutrient diffusion in order assess the production of 
extracellular matrix within the constructs. The constructs were printed and cultured for 28 days to allow for complete differentiation of cells. In 
order to further mimic the skin, human epidermal keratinocytes were seeded onto the constructs and differentiation was attempted to create a 
two-layer skin mimic. Analysis of constructs was performed via scanning electron microscopy, fluorescence microscopy, confocal microscopy, 
and histology.
 The results from the study showed that the printing of constructs alongside sacrificial bioink can create more intricate constructs with specific 
architecture. 
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Statement of Purpose: Chronic wounds, such as venous ulcer and diabetic ulcer, have been major healthcare issues worldwide. In Chronic 
wounds, growth factors (GF) at the wound site generally exhibit decreased viability. Thus, GF treatment has been intensively studied in chronic 
wound healing process, it was found that the delivery route has much impact on the cure [1]. In this paper, 3D bioprinted wound dressing 
made of Gelatin methacryloyl (GelMA) and Collagen hydrogel combined with microspheres containing Recombinant human Epidermal Growth 
Factor (rhEGF) was developed. The results showed that the rhEGF can strongly enhance the proliferation of Human keratinocytes cell line 
(HaCat). Therefore, it has the potential in chronic wound healing. 
  Methods: GelMA was synthesized as described as in detail [2]. Collagen was purchased from Biosharp (Sigma C-9879). HaCat was purchased 
from Biovector Science Lab, Inc.. rhEGF was kindly supplied by (Wendeng Hospital, China) The combination of GelMA /Collagen solution was 
blended with the I-2959 as a bioink. Microspheres with different amount of rhEGF was added to the bioink prior to 3D bioprinting. Bioink 
combined with rhEGF loaded microspheres were printed in a layer-by-layer fashion using 3D-Bioplotter (EnvisionTEC, Germany) to produce 
large wound dressings.
  
 Results: 
 By adjusting the printing process and the concentration of GelMA and collagen, a 9×9cm wound dressing was printed with predefined line 
spacing. Large dressing can be handled easily for wound treatment. With adjustable spatial structures, nutrition can be easily accessed by cells 
at wound site. 
 
 Microspheres of different amounts of rhEGF were added to the bioink, it was found at 300μl/ml of rhEGF in bioink offered the highest cell 
viability and proliferation, compared with 100, 300, 500 and 800μl/ml (p<0.05). The dose dependent effect were evident when the 
microspheres containing rhEGF were added in the bioinks. 
 
 Conclusions:  In this paper, 3D bioprinted large scale wound dressing made of GelMA and Collage was developed. The dose dependent effect 
of rhEGF on HaCat cell proliferation was found. Wound dressing with controlled release of rhEGF by 3D bioprinting is promising in chronic 
wound healing.
  References: 
 [1] Vocetkova K. et al., Cel Prolif. 2016; 49:568-578.
 [2] Van Den Bulcke A. et al., Biomacromolecules. 2000; 1:31-38.
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Introduction: The repair of skin through the grafting of autologous, allogeneic, or synthetic constructs is one of the most commonly performed 
medical procedures for the treatment of dermal wounds such as burns and other lesions. Recently, three-dimensional (3D) bioprinting has 
drawn attention as an attractive technique for the rapid and reproducible fabrication of constructs that recapitulate striated tissue structures 
such as skin. However, prior to development of a fully functional bioprinted skin graft, The objective of these study was to utilize bioprinting to 
fabricate a multilayered construct that could be utilized to evaluate size, shape, pattern, and cell viability and behavior for ultimate application 
as an engineered skin construct.
  
 Results and Discussion: Printed constructs post-fabrication their shape and dimensions after printing and during the culture process. Cell 
viability was good immediately after fabrication and during the culture period. This observation is consistent with previous work from our 
group. After 42 days of culture, cells were well spread and formed dense layers on the surface of the construct. Keratinocytes adhered on top 
of the fibroblasts forming two layers. The incorporation of the void regions within the printed constructs allowed nutrient diffusion and 
improved cell viability.
  
  
 Conclusions:  RGD conjugated alginate-nanocellulose bioinks can be utilized to fabricate multilayered tissue constructs that are suitable for 
dermal tissue applications. This preliminary study showed good cell survival and biological response after 42 days of culture. Future studies will 
focus on the generation of more complicated dermal constructs with additional layers that contain additional cell types and growth factors to 
better mimic native dermal tissue. 
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Stromal vascular fraction (SVF) is a cell pellet that contains ADSCs (adipose-derived stem cells), fibroblasts, endothelial cells, and epithelial 
cells. SVF can be extracted easily through self-liposuction, and since it is applied immediately after extraction, there are no side effects such as 
immune rejection. In addition, there is no culture and expansion as is the case in other types of stem cells, and hence, an economic and 
efficient option. Damage to dermis is caused when 2nd degree and 3rd degree burns are treated with autograft, resulting in a scar, which then 
requires transplantation on damaged skin. Burn patients should use dermatologic substitutes if autograft is impossible.
 The artificial dermis used in this clinical procedure is biocompatible, biodegradable, which by rapidly engaging with cells, help with 
hemostasis, inflammatory response, proliferation of ECM (extracellular matrix) synthesis and remodeling process. SVF acts via autocrine and 
paracrine effects that stimulate growth factor secretion, such as epithelial growth factor (EGF), basic fibroblast growth factor (bFGF), vascular 
endothelial growth factor (VEGF), and transforming growth factor-beta (TGF-b). It is known to promote reepithelialization, collagen synthesis, 
and neovascularization in a full thickness wound.
 After debridement of scars, 3D cell printing of artificial dermis/SVF (3x106 cells / cm2) was made and the product was applied to the wound 
area. Artificial dermis/SVF prevented scar formation and prevented shortening of wound healing compared to SVF injection. In addition, in 
cases of large scar (hypertrophic scar, keloid) SVF treatment has limitations. INVIVO 3D bioprinting enables cell printing with uniform density, 
free lamination depending on wound dermis depth, and area depending on wound shape. 3D cell printers are not limited to wound size and 
joint area.
 In conclusion, 3D cell-printing of artificial dermis/SVF significantly reduced wound closure time and skin contraction in scar. It is expected that 
the effect of cells is enhanced by inhibiting necrosis through uniform cell printing. This technique is considered to be applicable to patients who 
require dermal implants such as burn, diabetic ulcers.

a91927

	 03-P424	 3D Bioprinted Human Skin – a Future Replacement for Animal Testing in Cosmetics? 

Isabella Bondesson2，Evita Ning3，Elin Pernevik1，Patrick Thayer1，Erik Gatenholm1，Hector Martinez1，Itedale Namro Redwan1

1Bioink and Tissue Engineering R&D, CELLINK AB, Gothenburg, Sweden，2Chalmers University, Gothenburg, Sweden，3University of Strathclyde, Glasgow, United Kingdom

Objective: 3D bioprinting is a novel technique that shows great promise for the development of translatable tissue models to be used for drug 
development and cosmetic research. A skin tissue model that mimics native human skin is of great interest for pharmaceutical companies, as it 
could be used to develop new drugs to treat for example melanoma or psoriasis. For cosmetic companies, biomimetic skin models could be 
used to either develop efficacious topological creams, or to minimize the risk for skin sensitization from new products.
 
 3D bioprinting is a method of using additive manufacturing in combination with biological systems. It is a novel field within tissue engineering, 
enabling the complex combination of the benefits of 3D cell culture and the precision of 3D printing. The key component is the bioink, which is 
a mixture of biomaterials with bioactive molecules, designed to enable both good printing fidelity and cell milieu. The bioink is mixed with living 
cells, and the final composition and shape of the construct will determine how well the tissue model mimics the native tissue.
 
 The objective of this ongoing study is to develop a 3D bioprinted biomimetic human skin model.
 
 Methods: Several bioinks (CELLINK™, Sweden) have been evaluated for the fabrication of 3D bioprinted skin constructs, including 
methacrylated gelatin and nanocellulose-based CELLINK™-RGD-Fibrin. Human primary dermal fibroblasts (HDFa, Fisher) were mixed with the 
bioink and printed as rounded discs using an INKredible+ 3D Bioprinter (CELLINK™, Sweden). The constructs were cultured under standard cell 
culture conditions for one day, then human epithelial keratinocytes (HEKa, Fisher) were seeded on top of the constructs. The constructs were 
cultured for 28 days, and samples were collected for immunohistochemical analysis and genetic expression of Collagen I.
 
 Results: After 28 days of culture a well-formed stratum corneum was present in the CELLINK™-RGD-Fibrin-based bioink, indicating terminal 
differentiation. Expression of Collagen Type I was also detected in the 3D bioprinted skin construct.
 
 Conclusions: We have developed potent bioinks and robust bioprinting protocols to generate a functional human skin model. The methods 
will be further improved by incorporation of Hyaluronic Acid (HA), collagen-based bioinks, and continued development of the construct design. 
3D bioprinted human skin models show great potential to provide a future replacement for animal testing in cosmetics.
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As prophylactic mastectomy rates have more than tripled in the past decade1, the demand for breast reconstruction practices and increasing 
nationwide desire in restoring body image represent a significant unmet clinical need. Though current breast implants provide an external 
contour of the natural organ, restoring the appearance of a nipple-areola complex directly on the breast remains an unresolved clinical 
challenge. To address this unmet need, we used a tissue engineering approach to develop an in vitro, 3D printed custom-shaped skin graft 
composed of both a cell laden bioink (CLB, containing primary human dermal fibroblasts, hdFB, and keratinocytes) and a non-degradable 
epoxy macroporous backbone in the desired shape of a nipple. The non-degradable material choice is key in maintaining the complex shape of 
the nipple as the tissue matures once incorporated in vivo, as a degradable backbone would cause unwanted nipple flattening over time. 
Material compatibility was first tested with co-printed scaffolds of a medical-grade epoxy resin (MGE) and CLB that were cultured for several 
days and tested in cell viability. Healthy cellular growth was demonstrated as measured by increasing DNA content throughout culture and 
fluorescent hdFB images displaying healthy spindle-like spread morphology around the synthetic scaffolding. Internal architecture of the domed 
scaffold is also greatly varied to investigate the benefits of interconnected CLB porosity, such as possible improved cell seeding and channels to 
guide cellular migration and tissue ingrowth, and variations of MGE print patterns, such as control over the desired tissue mechanical 
properties.  Mechanical integrity of the varying internal architectures was tested using an Instron implementing compressive testing and 
corresponding young’s moduli, ranging from 18.7 ± 3.95 kPa to 2.94 ± 0.921 kPa, compare to what is seen in vivo for human skin2. Future 
work aims to validate the formation of both dermis and epidermis using histological and immunohistochemical methods, specifically evaluating 
cell morphology, presence of the basal membrane, and the expression of collagen I, keratin, and tight-junction proteins. Broadly, this study 
investigates the critical balance needed between synthetic materials for scaffold shape maintenance and degradable materials for tissue 
regeneration and reconstruction.  References:1. Kummerow K. JAMA Surg, 150, 2014 2. Pawlaczyk M. Postepy Dermatol Alergol, 30, 2013
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	 03-P426	 Injection molding technique for automated fabrication of bilayered skin tissue models 
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Product Development Group Zurich, Department of Mechanical and Process Engineering, ETH Zurich

Three-dimensional (3D) tissue models provide an essential improvement over 2D cultures in means to mimic the natural environment of cells 
and to improve our understanding of cell behavior in healthy and diseased tissues. When manually produced, the quality of these models 
varies in every batch and is strongly dependent on the operator. The variation influences the properties of the tissue model and complicates 
comparison or reproduction of experimental results. To eliminate operator caused variations and to assess cellular responses in detail, a high 
level of standardization of 3D tissue models is essential. This limitation of the manual process and the increasing need for standardized 3D 
tissue models leads to the need to develop automated production methods. In our group, we investigate the feasibility to create multilayered 
tissue models by injection molding. This technique is fast, requires no manual steps and parameters are easy to control. Here, we present the 
prototype fabrication device and show the feasibility by creating dermo-epidermal skin models from highly concentrated collagen, human 
primary fibroblasts and keratinocytes. We are able to fabricate functional dermal equivalents in under one minute. We analyzed the structure 
of the skin and cell behavior with optical, histological and immunohistochemical methods in vitro. The resulting bilayered skin model shows 
minimal tissue contractions and similarities to human skin. The cells are viable and proliferate, keratinocytes attach properly.
 The injection molding technique further allows to produce different geometric shapes, use various biomaterials and cell types. These first 
results are promising and we continue to advance the automated fabrication of 3D models to allow us and other research groups to 
investigate tissue models with a declining influence of manual production. 
 
 
 
     This work is part of the SKINTEGRITY project under the umbrella of «University Medicine Zurich»
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	 03-P429	 Conditioned Medium of Mesenchymal Stem Cell Promotes Epithelialization and Expression of Ephrin-B2 Related 
to Angiogenesis in Burn Wound Healing  

Dewi Sukmawati1,2，Elvin Clara Angmalisang3，Lia Damayanti1，Astheria Eryani3，Jeanne Adiwinata Pawitan1,2

1Department of Histology, Faculty of Medicine, Universitas Indonesia, Jakarta Indonesia.，2Stem Cell and Tissue Engineering Research Center (SCTE), Indonesian Medical Education and 
Research Institute (IMERI), Faculty of Medicine Universitas Indonesia，3Postgraduate Program of Biomedical Sciences, Faculty of Medicine Universitas Indonesia

Burn wounds demonstrated to cause devastating effect in functionally and cosmetically. Compared to non-burn wound, it is considered as 
unique due to pivotal damage on tissue and vasculature which complicates the normal wound healing. Both epithelialization and the sprouting 
of new blood vessels are crucial events that support wound healing. The transmembrane ligand ephrin-B2 is known as molecular marker for 
arterial endothelial cells and early blood vessel formation. Conditioned medium (CM) of mesenchymal stem cells (MSC) is known to rich in 
cytokines and growth factors that potential for tissue regeneration. Objective: the present study aims to investigate the effect of MSC-CM in 
epithelialization and neovascularization of burn wound healing. Methods: Male Sprague Dawley rats were randomly divided into control (C), 
conditioned medium (CM) and medium complete (CM) groups. Burn wounds were created by placing preheated metal plat on body site of 
prepared rats and received daily local application of NaCl, CM and MC respectively. Skin wound tissues were collected in time courses and 
processed for histological slides. The percentage of wound closure was evaluated by visitrak. Neovascularization was evaluated by counting 
vascular density of blood vessels that expressed ephrin-B2 in granulation tissue. Results: Local application of MSC-CM showed to enhance skin 
regeneration by promoting wound epithelialization and increased the rate of wound closure compare to control, prominently in day-18 after 
wounded (p<0.05). Moreover MSC-CM showed prominent enhanced of ephrin-B2 expression and vascular density in granulation tissue starting 
from day 7, 14 and 21 post wounded, compared to control (p<0.05). Conclusion: our findings suggest the benefits of MSC-CM in burn wound 
healing through enhances wound closure and promoting ephrin-B2 expression that represent for neovascularization. Therefore local application 
of MSC-CM could support burn wound healing in part through promotion of epithelialization and angiogenesis. 
 
 Keywords: conditioned medium, mesenchymal stem cell, epithelialization, ephrin-b2, angiogenesis, burn wound.
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3D bioprinting of cartilage is a promising new technique. In order to produce e.g. an auricle with good shape the printed cartilage needs to be 
covered with skin that can grow on the surface of the construct.
 Our primary question was to analyse if an integrated 3D bioprinted cartilage structure is a tissue that can serve as a bed for a full thickness 
skin graft. 
 3D bioprinted constructs (10 x 10 x 1.2 mm) were printed using nanofibrillated cellulose/ alginate bioink (NFC) mixed with mesenchymal stem 
cells and adult chondrocytes and implanted subcutaneously in 21 nude mice. After 45 days, a full thickness skin allograft was transplanted 
onto the constructs and the grafted construct again enclosed subcutaneously. Group 1 was sacrificed on day 60 whereas group 2, instead, had 
their skin-bearing construct uncovered on day 60 and were sacrificed on day 75 and the explants were analysed morphologically.
 The skin transplants integrated well with the 3D bioprinted constructs. A tight connection between the fibrous, vascularized capsule 
surrounding the 3D bioprinted constructs and the skin graft were observed. The skin grafts survived the uncovering and exposure to the 
environment.
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	 03-P431	 Efficacy of Cultured Epithelial Autograft after Curettage for Giant Congenital Melanocytic Nevus of the Head

Tamami Maeda，Naoki Morimoto，Kenji Kusumoto
Department of Plastic and Reconstractive Surgery, Kansai Medical University, Osaka, Japan

Cultured epithelial autograft (CEA) is an epithelial sheet prepared from a patient's own skin and produced using Green’s technique. In japan, 
CEA (JACE®; Japan Tissue Engineering Co., Ltd., Gamagori, Japan) has been used for patients with severe burn since 2007, and it was 
approved and covered by public healthcare insurance for use in the treatment of giant congenital melanocytic nevus（GCMN) in 2016. There 
are several treatment options for GCMN, and one of the options is curettage. We describe a case of GCMN in the occipital region that was 
treated using CEA after curettage.
 A 2-month-old boy had a GCMN of 21 cm × 13 cm in his occipital region. The nevus was large, so we planned two-stage surgery using the 
application of a CEA after curettage. We used full-thickness skin taken from the back of right auricle to prepare a CEA at four months of age. 
Three weeks after preparing the CEA, we performed curettage of the right half of GCMN, and the CEA was grafted onto the wound afterward. 
The CEA took completely, and the epithelialization was observed at 10 days after surgery. During follow up, we confirmed good result; we then 
performed curettage with subsequent grafting of the CEA on the left half of GCMN at seven months of age. The CEA again took completely, 
and epithelialization was observed in this procedure as well at eight months of age. Time of wound healing using CEA is faster than 
conservative treatment. Alopecia is a severe issue of concern in the treatment of GCMN in head region; however no hair loss was observed in 
our case. The application of CEA after curettage may be a promising option for obtaining early epithelization and cosmetically better 
appearance.
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	 03-P430	 Epithelial keratinocyte sheets prepared by temperature-responsive dishes enhance the survival rate on artificial 
dermis 

Hajime Matsumine，Wataru Kamei，Atsuyoshi Osada
Department of Plastic and Reconstructive Surgery, Tokyo Womens Medical University, School of Medicine, Tokyo, Japan

Objectives: For severe burn injury or traumatic skin defect, cultured epithelial-keratinocyte-sheet therapy has been used in clinical practice 
since the 1980s. However, the survival rate of epithelial keratinocyte sheet on dermal-like tissue constructed with the artificial dermis is 
extremely low. Enzymatic treatment is typically used for obtaining epithelial keratinocyte sheets, but it tends to break the adhesion and 
basement membrane proteins, and this effect is directly linked to decrease in the survival rate of epithelial keratinocyte sheet on artificial 
dermis. On the other hand, a temperature-responsive culture dish require no enzymatic treatment to harvest cell sheets, and the basal 
membrane proteins and intercellular adhesion proteins can remain in epithelial keratinocyte sheets prepared by temperature-responsive 
culture dishes. This study investigated the potential to enhance the survival rate of human epithelial keratinocyte cell-sheets prepared by 
temperature-reducing treatment on the dermis-like tissue and compared the rate with that of the cell sheets harvested by enzymatic treatment 
with rat full thickness skin defect model. 
  
 Materials and Methods: Under inhalation anesthesia with isoflurane, a skin full-thickness defect was created in the back region of nude rats. 
Artificial dermis was cut to the same size as the defect and implanted by 5-0 nylon suture. The silicone sheet of artificial dermis was removed 
at 2 weeks after the initial operation, and the dermis-like tissue regeneration was confirmed. An epithelial keratinocyte sheet prepared from 
human epidermal cells in a normal culture dish by dispase treatment (DT sheets group) or a temperature-responsive culture dish (TR sheets 
group) was grafted on dermis-like tissue. One week after transplantation, the engrafted section was observed to measure the survival rate of 
epithelial keratinocyte sheets.
  
 Results: The survival rate of epithelial keratinocyte sheets was 33.8% in TR sheets group, and it was significantly higher than that of DT sheets 
group (16.2%). 
  
 Discussion: This study showed that the epithelial keratinocyte sheets prepared with temperature-responsive culture dishs remarkably 
improved the survival rate on the dermal-like tissue after artificial dermal implantation as compared with the conventional sheet. This result 
suggested that the further possibility of reconstruction with artificial dermis and cultured epidermal sheet for full thickness skin defect in clinical 
situations.
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Marina Trouillas1，Maia Alexaline1,2，Brice Magne1,3，Muriel Nivet1，Amparo Zuleta2，Thomas Leclerc4，Eric Bey5，Bernard Coulomb1，
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Cultured Epithelial Autografts (CEAs) represent a lifesaving surgical technique in case of full-thickness skin burn covering more than 60% total 
body surface area. However, CEAs present numerous drawbacks, including the high fragility of keratinocyte sheets, the highly variable graft take 
and the immaturity of the dermal-epidermal junction (DEJ), leading to heavy cosmetic and functional sequelae. To overcome these 
weaknesses, we developed a new human epidermal substitute (ES) cultured over a human-Plasma Based Matrix (hPBM) and have showed that 
this substitute was able to engraft in vivo with a good efficiency and to reform a healthy epidermis.
 In this study, we investigated the role of plasma fibrin matrix on ES formation and engraftment. Therefore, we performed a thorough analysis of 
hPBM as a scaffold for epidermal substitute formation compared with a matrix of fibrin from purified fibrinogen (FPF) and with a culture without 
any matrix. We compared the ability of hPBM, FPF and a no matrix control to support ES formation and highlighted a few mechanistic 
pathways involved in this process 
 Accordingly, we analyzed by histology and immunohistochemistry hPBM, FPF and no matrix derived ES in an in vivo model of acute wound. 
We then identified the interesting chief factors released from the two scaffold matrices in vitro by ELISA. The role of selected released factors 
on ES formation was then investigated using migration assays, WB, IF, histology and immunohistochemistry 
 The use of hPBM for ES production induced more proliferation, better cell organization, greater dermal-epidermal junction protein deposition 
and prevented their degradation. Keratinocyte differentiation was decreased using both fibrin matrices. Growth factors released from hPBM in 
culture medium were different from those derived from FPF, and were shown to enhance in vitro keratinocyte migration and proliferation in ES 
and expression of DEJ proteins. Finally, the use of hPBM as a culture support for ES allowed better engraftment directly on a NOD-SCID model 
of acute wound with the formation of a functional dermal-epidermal junction.
 Together, these results show the positive impact of fibrin matrices and their released growth factor on ES phenotype and grafting efficiency. 
We hope that this new strategy could improve the current medical treatment of full-thickness burn patients in the future.
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We have developed a mixed cell sheet comprising of fibroblasts and peripheral blood mononuclear cells and verified the efficacy for treating 
refractory cutaneous ulcers in animal models using cell sheet technology1-3. This study aimed to confirm the functional efficacy of cell sheets 
manufactured using the simple multi-layered method. Fibroblasts were isolated from tissues of healthy volunteer and incubated. In order to 
form multi-layered sheets, the number of fibroblasts per cm2 in a dish was determined in a range from 4.5 × 105 to 12 × 105 cells and 
incubated for 3 days. The vascular endothelial growth factor (VEGF) concentration in the culture medium was measured using enzyme-linked 
immunosorbent assay. The VEGF concentration was the same level in supernatant of more than 6 x 105 per 1 cm2. The renilla luciferase gene 
was transfected into human fibroblasts, and the fibroblast multi-layered sheets produced using 5 x 105 cells per 2 cm2 in 24-well plates were 
transplanted onto full-thickness skin defects on NOD/scid mice backs. The luminescence was observed until 35 days post-transplantation. We 
compared the concentration of growth factors, such as basic fibroblast growth factor, VEGF, hepatocyte growth factor, stromal cell-derived 
factor 1aplha, Angiopoietin-1, transforming growth factor-beta1, and epidermal growth factor in the supernatants and the exosomes secreted 
from the human fibroblast multi-layered sheets produced using 2 x 106 cells per 9.4 cm2 in 6-well plates using ELISA. The concentration of 
some growth factors was higher in the exosomes than in the supernatants, and the concentration of others was higher in the supernatants than 
in the exosomes. Our data suggest that this multi-layered method may be useful for manufacturing cell sheets for treating refractory cutaneous 
ulcers.
 1.  Sci Rep 6, 28538, 2016. 
 2.  Am J Transl Res 9, 2340-51, 2017.
 3.  Sci Rep 7, 4843, 2017.
 This work was supported by a JSPS Grant-in-Aid for Scientific Research B (15H04939 to K.H.), the R&D Promotion Subsidy System (Yamaguchi 
Prefecture Government) (to K.H.) and the Uehara Memorial Foundation (to K.U.).
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Background: Burn scar pain is considered as neuropathic pain. The anti-inflammation and anti-neuroinflammation effects of adipose-derived 
stem cells (ASCs) were observed in several studies. We designed a study using a murine model involving the transplantation of autologous 
ASCs in rats subjected to burn injuries. The aim was to detect the anti-neuroinflammation effect of ASC transplantation and clarify the 
relationships between ASCs, scar pain, apoptosis and autophagy. Methods: We randomized 24 rats into 4 groups as followings: Group A and B, 
received saline injections and autologous transplantation of ASCs 4 weeks after sham burn, respectively; Group C and D, received saline 
injections and autologous transplantation 4 weeks after burn injuries. A designed behavior test was applied for pain evaluation. Skin tissues 
and dorsal horn of lumbar spinal cords were removed for biochemical analysis. Results: ASC transplantation significantly restored the 
mechanical threshold reduced by burn injury. It also attenuated local inflammation and central neuroinflammation and ameliorated apoptosis 
and autophagy in the spinal cord after the burn injury. Conclusion: In a rat model, autologous ASC subcutaneous transplantation in post-burn 
scars elicited anti-neuroinflammation effects locally and in the spinal cord that might be related to the relief of post-burn neuropathic pain and 
attenuated cell apoptosis. Thus, ASC transplantation post-burn scars shows the potential promising clinical benefits.  
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Background: Shortage in wound cover material is a challenging problem for management of burn patients. Large burn wounds are temporarily 
covered with cadaver skin which will eventually be rejected requiring autologous skin grafting. The cultured autologous keratinocyte sheets 
have been proposed as an alternative method; however, enzymatic detachment of these sheets is associated with certain disadvantages (i.e., 
fragility and poor acceptance) that prevented their translation to the clinical practice. We hypothesize that non-enzymatic detachment of 
keratinocyte sheets exert better effect on grafted burn wound healing compared to enzymatically detached keratinocyte sheets. We tested 
our hypothesis by comparing the effects of keratinocyte sheets detached by non-enzymatic method--temperature reduction (T sheet) vs. those 
detached by enzymatic method (D sheet) on novel and clinically relevant ovine model of grafted burn wounds. 
 Methods: Six full thickness skin burns (5X5cm) were induced in sheep dorsum. 24 hrs later, burned skins were excised and wounds were 
grafted with ovine cadaver skin. After 3 weeks, rejected cadaver epidermis was debrided and wounds were covered with keratinocyte sheets 
and the wounds were assessed for two more weeks. Then sheep were euthanized for wound sample collection. 
 Results: Cultured T sheets were stronger and their detachment were easier compared to D sheets. T sheets were better accepted with 
significantly higher wound re-epithelialization percentage than D sheets at days 7 and 14 after sheet grafting (95.5 ± 1.3 T vs. 59.1 ± 5.7 D on 
day 7 and 98.6 ± 1.4 T vs. 81.1 ± 6.0 D on day 14). Although the epidermis thickness was comparable in wounds treated with T and D 
sheets, the dermal-epidermal junction was well defined in wounds covered with T sheets at 14th day with continuous lamina densa and high 
number of hemi-desmosomes. Ovine cadaver skin was rejected within 10 days, which mimics rejection time in humans (~8.4 days).
 Conclusion: Ovine grafted burn wound model closely mimics the clinical situation. The novel non-enzymatic method for keratinocyte sheets 
detachment using temperature-responsive culture dishes provides better sheet quality and allows to overcome obstacles preventing use of 
cultured keratinocytes in clinical practice.
 
 



781

a91617

	 03-P437	 Autologous skin cell implantation for adult patients with deep burn lesions using a xenograft scaffold

Cristina Velasquillo1，Roberto Sánchez-Sánchez1，Mario Vélez-Palafox2，Yaaziel YaazielMelgarejo-Ramírez 1，Ana Brena-Molina1，Julieta García-López3，
Tatiana Chávez-Hermes4，Lourdes Rodríguez-Rodríguez2，María Esther Martínez Prado5，Érick Márquez-Gutiérrez2，Francisco Ferreira-Aparicio2，
Leslie Castañeda-Lara1，Anahí Arenas-Ochoa1，Clemente Ibarra3

1Biotechnology Department, National Institute of Rehabilitation Luis Guillermo Ibarra Ibarra, Mexico City, Mexico.，2CENIAQ, National Institute of Rehabilitation, Mexico City，3Tissue engineering 
and Cell therapy and Regenerative Medicine Unit, National Institute of Rehabilitation, Mexico City，4Epidemiology departmentNational Institute of  Rehabilitation, Mexico City.，5Radiosterilized 
Tissue Bank,National Institute of Nuclear Research, Ocoyoacac, México

Burns are a worldwide health problem because the extensive skin defects induced by severe burn wounds are dangerous and can be fatal. 
Autologous skin transplantation for the treatment is the gold standard. When burn wounds comprise more than 40% of total body surface 
area, which is the case of most patients in our institution, it is difficult to find healthy autologous skin for the treatment. Tissue engineering uses 
different skin substitutes; the best substitutes are those that combine cells. For the treatment of burn wounds, it is very important to cover the 
wound. For a long time porcine skin has been used as a non-cellularized scaffold (1). In this research we used a construct made of autologous 
fibroblasts and keratinocytes seeded onto radio-sterilized pig skin (CPS). CPS was applied in patients with an average age of 32 years. 
Fibroblasts were positive for the Fb protein and keratinocytes for cytokeratin 5 and 10. The CPS got 98% of viability. 60% of the patients 
displayed integration of the CPS to the adjacent skin. No necrosis or infections in the implanted zone were found. No patients had 
development hypertrophic scars. In addition, 60% of the patients showed contraction in the wounds. There was an improvement in the healing 
process during the 7 days following the implantation of the construct. These results point that autologous CPS is safe and accelerates the 
regeneration process. However, further research is needed in order to demonstrate this. 
  1) Yu G, Ye L, et al. Mol Med Rep.13,2570, 2016
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Background
 There is a need for organs to replace diseased or fatally wounded tissues. The LOEX center from Laval University is specialized in stem cells 
and the production of living tissue suitable for grafting. Our research team developed an autologous tissue-engineered skin substitute produced 
by the self-assembly approach of tissue engineering SASS, allowing the replacement of both dermis and epidermis in a single surgical 
procedure. 
 Objective
 The aim of this study was to assess whether the TES could provide a permanent organ replacement. Fourteen burn patients suffering from 
severe full-thickness skin loss were treated with SASSs on a compassionate basis through the Health Canada’s Special Access Program. 
 Method
 For the first treated patient, histological analysis and keratin (K) 19 immunostaining were performed to evaluate the integrity and the 
persistence of stem cells within the SASS before and 21 days after surgery. After surgical debridement of allografts down to healthy tissue, 
SASSs were applied to full-thickness wounds. Success of the procedure was evaluated based on the presence of a stable epithelium over time. 
Assessment of scar quality (skin elasticity, erythema, thickness) was performed on a subset of patients. 
 Results
 For the first treated patient, histological analyses revealed the presence of a tissue similar in structure with normal human skin and confirmed 
the presence of basal keratinocytes expressing K19 in SASS before grafting that were also detected 21 days after grafting. The mean 
percentage of SASS graft take was 98% (SD 5). Integrity of the SASSs persisted over time (average follow-up time: 3.2 years) without noticeable 
deficiency in epidermal regeneration. Minimal scarring was observed. However, non-homogeneous pigmentation was noticed in several 
patients. We conclude that SASSs allow permanent skin replacement. This first-in-human application of a self-assembled skin substitute could 
lead to the treatment of various epithelial/stroma defects.
 Conclusion: After grafting, the SASS has very good functional characteristics: minimal contraction and visible scars as well as long-term 
durability and tissue regeneration.
 Funding
 Supported by the Canadian Institutes for Health Research (CIHR), Fonds de Recherche du Québec en Santé (FRQS), Fondation des Pompiers 
du Québec pour les Grands Brûlés and the Cell and Tissue Therapy Network of the FRQS. LG is holder of the Canada Research Chair on Stem 
Cells and Tissue Engineering of CIHR.
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Backgrounds: Basic fibroblast growth factor (bFGF) is involved in fibroblast and epithelial cell proliferation and angiogenesis. Gelatin hydrogel 
slowly releases growth factors. Recently, sheet-type gels have been developed. In the present study, we examined the extending effects of 
bFGF- incorporated gelatin hydrogel sheets on the flap- survival area in a mouse flap model.
 Materials and methods: A flap of 1 × 3 cm was elevated on the back of a 9-week-old male C57BL/6 mouse. Gelatin hydrogel sheets 
incorporated various concentrations of bFGF was placed under the flap. For comparison, saline was impregnated to prepare a control group (n 
= 12 in each group). On the seventh day after surgery, the flap-grafted area and flap vascular network were examined by imaging. Tissue 
samples were subjected to HE and von Willebrand factor staining for the histological examination of skin, fat, and cutaneous muscle layer 
thicknesses, the number of new blood vessels, and new blood vessel areas.
 Results: Macroscopically, The flap of the bFGF-incorporated gel group markedly swelled, with a flap-survival area of 195.17 ± 41.74 mm² in 
the normal concentrations of bFGF- incorporated gel group, being significantly larger than 147.17 ± 48.79 mm² in the control group. Vascular 
image analysis of the flap showed increased angiogenic-joint parameters in these group. Although the thicknesses of the dermis were not 
significantly different, the thicknesses of the panniculus adiposus and carnosus were significantly increased in the bFGF-incorporated gel group. 
Blood vessel areas and the number of blood vessels were also significantly increased in the bFGF-incorporated gel group.
 Conclusions: In the mouse flap model, bFGF-containing gelatin hydrogel sheets promoted angiogenesis and increased the flap survival area. 
The specification of bFGF-containing gelatin hydrogel sheet may be useful for improving the flap survival rate.
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Fibrosis is a phenomenon characterised by the formation of excessive fibrous connective tissue, which can compromise the skin’s function and 
its mechanical properties. This can cause a huge global burden on healthcare, with millions of patients suffering from cosmetic or even 
functional tissue impairment, which considerably reduces their life quality [1]. In order to treat this, Il-6 antagonists and decorin have been 
reported as potential anti-fibrotic therapeutics [2, 3]. Therefore, in this study it was hypothesized that multi-compartment crosslinked collagen 
type I systems can modulate skin fibrosis through the controlled synergistic dual delivery of an Il-6 antagonist and recombinant decorin.Multi-
compartment hydrogel systems were prepared in a mould as follows: solutions of dialyzed type I collagen at a concentration of 5 and 8 mg/ml, 
were mixed with 10x PBS, neutralised and crosslinked with different densities, creating two separate compartments, that were loaded with 
decorin and an Il-6 antagonist. The systems were characterised through swelling assessment, collagenase degradation assay, rheological and 
compression tests.The release of encapsulated drugs from the hydrogels was studied by HPLC and the effect of the delivered bioactive agents 
was assessed through proteomic analysis and imaging for fibrotic markers in an in vitro keloid model. Mechanical and biological resistance of 
the systems were found to be suitable for potential implantation in the skin in vivo. Release studies proved that the inner compartment was 
capable of promoting a sustained release of decorin over a long period of time (14 days), fitting the intended therapeutic release profile. 
Proteomic studies showed a decrease of endogenous collagen type I, TGF-β1 and α-smooth muscle actin expression indicating reduced 
fibrosis.It was observed that this system is mechanically robust and stable in vitro, besides being an attractive dual drug delivery system for skin 
fibrosis, ameliorating markers of fibrosis in an in vitro keloid model. 
 
 REFERENCES [1] Chen et al, British journal of pharmacology, 158 (2009) 1196-1209.
 [2] Jarvinen et al, PNAS, 107 (2010) 21671-21676.
 [3] Desallais et al, Arthritis research & therapy, 16 (2014) R157.
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For the development of better substitutional medical applications for a recovery of damaged skin tissues, skin tissue engineering have been 
extensively investigated for years, especially for scarless wound healing. Delivery of exogenous therapeutic growth factor (GF) is one of 
engineering strategies for skin regeneration. Here, we have developed an exogenous GF delivery platform using coacervate (Coa), that is a 
tertiary complex of poly(ethylene argininyl aspartate diglyceride) (PEAD) polycation, heparin, and GFs (TGF-β3 and IL-10). Coa has advantages 
of high biocompatibility, facile preparation, and sustained cargo GF release. Therefore, it is speculated that dual TGF-β3/IL-10 loaded into Coa 
exhibit a synergistical effect for a reduction of scar formation during physiological wound healing processes. Our result indicated that 
administration of exogenous TGF-β3 and IL-10 enhanced in vitro proliferation of human neonatal dermal fibroblasts, and it was further 
improved by Coa encapsulation. In terms of in vitro gene expression profiles using RT-PCR, upregulated expression of collagen and 
downregulated matrix metalloproteinase expression were observed specifically at early stage wound healing. In vivo examination using a rat 
skin excisional model (2 cm × 2 cm) demonstrated that a delivery of dual GFs using Coa accelerated wound closure and skin regeneration 
after 3 weeks of a direct injection into around damaged skin area. Moreover, in vivo RT-PCR data showed a reduced expression in collagen 
and α-SMA while MMP-1 expression was increased. Histological evaluation and immunohistochemical staining also demonstrated that dual GF 
delivery using Coa accelerated clearly epidermis formation along with facilitated angiogenesis, as compared with the administration of bolus 
GFs without any delivery vehicles. Based upon these results, it is concluded that polycation-mediated Coa fabrication and exogenous dual GF 
delivery via Coa platforms effectively enhanced both quantity and quality of regenerated skin tissues without scar formation. 
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Almost all of the medicinal cosmetic foundations used generally are prepared with the mixture of crude materials and drugs. It is difficult for 
users to control the applied dose of drug to the skin by oneself. As a means to solve the problem, we propose a controlled release material 
which can control the applied dose of drug. 
    The object of our research is development of microparticles which can be applied as a component in medicinal foundation. We design 
microparticles which can release drug, and develop a system which drug to treat dermatitis is released by a specific trigger such as the 
environmental change associated with the diaphoresis. Diblock copolymer brushes which consist of poly(carboxymethyl betaine) (PCMB) and 
poly(2-(dimethylamino)ethyl methacrylate) (PDMAEMA) are constructed on the surface of microparticles. And drugs for treatment of dermatitis 
were electrostatically bound to PDMAEMA blocks. Therefore, it is expected that electrostatically-adsorbed drugs can be released by the 
change of surrounding environment such as ionic strength, sult concentration and pH. 
    We prepared diblock copolymer brushes composed of PCMB and PDMAEMA on glass plates and silica microparticles using surface-initiated 
atom transfer radical polymerization. The characteristics of diblock copolymer-modified substrate were investigated with contact angle 
measurement, ξ -potential evaluation, X-ray photoelectron spectroscopy and attenuated total reflection-infrared spectroscopy, respectively. 
Moreover, the compatibility between the surface of microparticles and biological matter such as proteins and cells was also investigated. 
Additionally, the release of drugs from diblock copolymer brushes was evaluated, resulting that drugs electrostatically bound to PDMAEMA 
blocks were released in aqueous solution containing salt and in the weak acid solution.
     The protein adsorption to the surface modified with diblock copolymer was significantly suppressed in comparison with the surface 
modified with homopolymer brushes of PDMAEMA. It was considered because PCMB blocks of copolymer had the anti-biofouling property. 
Moreover, the surface with diblock copolymer suppressed the fibroblast adhesion. Therefore, microparticles modified with diblock copolymer 
are expected to be inert material for the skin. 
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Common problems for the external prosthesis users are pressure sores, infections and unnatural gait1. Intraosseous Transcutaneous 
Amputation Prosthesis (ITAP) was developed as a new generation of limb replacements that can provide an alternative solution to amputees.  
ITAP is designed as one pylon osteointegrated into the bone and protruding through the skin, allowing the mechanical forces to be directly 
transferred to the skeleton and the external skin being freed from frictions and infections. The skin attachment to the implant is critical for the 
success of the ITAP, as it provides a barrier to prevent bacterial infections and stabilises the soft tissue preventing relative movement between 
the skin and the implant2 3.
  
 TiO2 nanotubes is a novel biocompatible substrate that can promote cell attachment and proliferation due to its morphology and electrical 
charge4. In this study TiO2 nanotubes were tested for cell viability and attachment using human dermal fibroblasts and keratinocytes .
  
 The surface of pure titanium discs was modified using electrochemical deposition with TiO2 nanotubes with different sizes (18-30nm, 40-60nm 
and 60-110nm). Human keratinocytes and human dermal fibroblasts were seeded on the top of them for three days and tested for viability and 
attachment.   A Mann-Whitney U test was used to compare groups where p values < 0.05 were considered significant. 
  
 The results showed that the viability and cell attachment for keratinocytes were significantly higher after three days on controls comparing 
with all nanotubes (p=0.02), while attachment was higher on bigger nanotubes and controls. Cell viability for fibroblasts was significantly higher 
on nanotubes between 40 and 110nm comparing with smaller size and controls (p=0.03), while investigation of cell attachment is ongoing. 
From these early results, we can say that TiO2 nanotubes can improve the soft tissue attachment on ITAP. Further in-vitro and ex-vivo 
experiments on cell attachment will be carried out.
 
 References:
  
 1. Pendegrass, C. J., Gordon, D., Middleton, C. A., Sun, S. N. M. & Blunn, G. W. OY. J. Bone Jt. Surg. - Br. Vol. 90–B, 114–121 (2008).
 2. Fitzpatrick, N. et al. Vet. Surg. 40, 909–925 (2011).
 3. Varilly, P. & Chandler, D. NIH Public Access. v, 265–275 (2012).
 4. Park, J., Bauer, S., Von Der Mark, K. & Schmuki, P. Nano Lett. 7, 1686–1691 (2007).
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Recently, electrospun nanofibres have attracted attention as potential matrix for controlled drug delivery due to their possible barrier effect and 
unique characteristics – especially small fibre diameter and high porosity as characteristics leading to the extreme surface to weight ratio. In 
addition to these properties held by nanofibres in general, the chemical nature, surface functionality and charge represent properties strongly 
affecting their biocompatibility, degradation kinetics, the material-drug interactions and loading capacity. From this point of view, silica 
nanofibres represent a very promising material for this application, combining traditional nanofibres´ properties and unique properties given 
by their inorganic nature altered by the mesoporous structure of their surface. Silica nanofibres prepared by sol-gel method and subsequent 
needleless electrospinning, being thermally stabilized under specific conditions were confirmed to be fully biocompatible, nonimunogenic and 
biodegradable. Their stability in common solvents enables their loading by low-soluble drugs and subsequent application and sustained release 
in situ. Their loading capacity and drug release kinetics can be easily altered/ modified by surface functionalization of nanofibres via functional 
groups grafting. In this work we present a comprehensive overview of biodegradation kinetics, biocompatibility results against several model 
tissues represented by selected cell lines (3T3 fibroblast, HaCat keratinocytes, Hep G2 liver cells and THP-1 monocyte). Drug loading capacity 
evaluation and release kinetics are also presented.
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The skin is one of the largest organs of the human body and consists of various different cell types. Acting as the outermost barrier of the 
human body, it protects the inner environment from the various outer environmental stimuli. Drugs and cosmetics applied to the skin need to 
be screened for toxicity and efficacy. Due to ethical and regulatory reasons, animal free test methods are gaining ground. To meet the rising 
need, human skin equivalents composed of one or two different cell types were improved substantially and are these days widely used. 
However, limitations to accurately predict the human outcomes still exist due to the simplicity of these models. In particular, the 
implementation of a perfused vasculature would pave the way to mimic structures and physiological responses of human native skin in vitro 
more closely. Recent advances in microfluidic systems offer great potential in this context. The Two-Organ-Chip (2-OC), a variant of TissUse 
Multi-Organ-Chip (MOC) platform, comprises a miniaturized circulatory system with an integrated micropump. This provides pulsatile 
circulation of microliter-volume of medium to the tissues in a similar way to blood. Skin equivalents can be implemented either within 96-well 
cell culture inserts or in direct contact with the medium flow. In this study, perfusable vascular channels have been successively integrated into 
a skin equivalent using photopatterning technique. Following attachment of the endothelial cells to the channel walls, the vascularized skin 
equivalents have been cultured with continuous pulsatile flow conditions inside our 2-OC for 7 to 14 days. Histological endpoint analysis 
showed a regular dermal/epidermal architecture of the skin equivalents and consistency and vitality after long-term co-culture. The endothelial 
cells covered all walls forming a viable fluid tight layer. Further, a physiological-like elongation and orientation with the direction of flow could 
be demonstrated. These results suggests the MOC a useful system for engineering a vascularized skin construct promoting long-term culture 
and a more reliable in vitro evaluation of topically and systemically applied drugs and cosmetics.
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Wound is a shape of injury being damaged from dangerous part such as sharp part and rough surface. One of methods for wound healing is 
protecting injured parts from harmful bacteria. Wound sites can be infected with harmful bacteria easily, as well as the main reason protecting 
bacteria is that they can cause disease or complications. In order to protect bacteria, diphlorethohydroxycarmalol (DPHC) isolated from Ishige 
okamurae, a marine brown algae, is researched. DPHC is not researched antibacterial effect yet. Also nanofiber mat is fabricated through 
electrospinning as fabrication to contain DPHC having antibacterial effect helping wound healing. Electrospinning is a process making fiber 
between nano-diameter to micro-diameter though high electric charge and voltage. Polymer solution change thin fibrous form by electrical 
stimulation. polycaprolactone (PCL) is widely known and mainly use to make fabrication such as scaffold and nanofiber mats. In this study, 
DPHC is isolated and purified by HPLC and HPCPC. Also it is identified by Q-TOF Mass. To investigate antibacterial effect of DPHC, minimum 
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) are examined against S. epidermidis, C. albicans, S. aureus and P. 
acnes. Nanofiber mat as fabrication is containing PCL/DPHC by electrospinning. To investigate cell viability, MTT assay is proceeded to NHDF-
neo cell. As a result, MIC values are about 128 μg/mL and MBC values about are 512 μg/mL. The non-toxicity of DPHC is confirmed by MTT 
assay. Consequently we can suggest that PCL/DPHC nanofiber mats through electrospinning have possibility of wound dressing.
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Deep partial-thickness burns damage most of the dermis and can cause severe pain, scarring and mortality if left untreated. Current treatment 
methods involve wound excision and skin grafting. However, autografts are limited by availability while allografts face the risk of increased 
immunogenicity. The use of dermal equivalents such as Integra® and PelnacTM alleviates these issues partially, but they are costly and may not 
be viable for large scale burns. We had earlier developed a template consisting of human hair keratins crosslinked with alginate using 1-ethyl-
3-(3-dimethylaminopropyl)carbodiimide (EDC). This hybrid template was able to form a stable and porous scaffold through the process of 
freeze and freeze-drying. Our previous study showed that this keratin-alginate scaffold was capable of supporting angiogenesis in vivo. Herein, 
the performance of the scaffold was tested on deep, partial thickness burns in a pig model and evaluated in comparison with allografts and 
PelnacTM via wound healing parameters including extracellular matrix maturation, angiogenesis markers, and immunology markers. Similar 
wound recovery rates based on Collagen I, Collagen III, and fibronectin expression, as well as wound size reduction and scarring, revealed that 
the keratin-alginate scaffold was comparable to PelnacTM in supporting wound healing. Further testing of the effects of the keratin-alginate 
templates in deep burns should be explored to fully utilise their potential as an alternative dermal equivalent for burn wound treatment. 
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Electrospun scaffolds of Poly-e-caprolactone/β-cyclodextrin inclusion complex (PCL/b-CD) and Poly-e-caprolactone amino derivative inclusion 
complex (PCL/b-CD.NH2) were prepared by electrospinning technique. The obtained mats were analyzed by by X-ray diffraction (XRD), field 
emission scanning electron microscopy (FESEM), Fourier transform infrared spectroscopy-attenuated total reflectance (FTIR-ATR), Differential 
Scanning Calorimetry (DSC) Confocal-Raman Spectroscopy, Proton Nuclear Magnetic Resonance (1HNMR) and Contact Angle Measure (CA). 
Different mixture of solvents, such as dimethylformamide (DMF) - tetrahydrofuran (THF), dichlormethane (DCM) - dimethyl sulfoxide (DMSO) 
and 2,2,2-Trifluoroethanol (TFE), were tested in the fibers preparation. The results indicate that electrospun nanofibers have a pseudorotaxane 
structure. Epithelial growth factor (EGF) was incorporated to the PCL-β-CD.NH2. The EGF degree of conjugation with the material was 
measured by colorimetric ninhydrin test resulting in 142 u/cm2. The protein delivery profile was determined by colorimetric methods in 
physiological buffer, showing the absence of protein in the media until 5 days. The material morphology was determined by scanning electronic 
microscopy displaying fiber (462 ± 77 nm). The hydrophilicity was measured with a contact angle almost 0° with the inclusion of the EGF. 
Confocal Raman images showed a homogenous protein distribution along the fibers. Complementarily, the comparative study of the epithelial 
regenerative capacity was developed using mouse fibroblast model. The cell proliferation was measure by MTT test and cell counting on 
Neubauer chamber; the results shows an increase of the fibroblast proliferation the PCL-CD.NH2 and the EGF material in contrast with the 
control and PCL unmodified nanofibers. Scanning electronic microscopy of the treated fibers showed cell growth with the characteristic 
morphology of fibroblasts. Finally, the results of the in vivo test agreed with the in vitro study showing a better and faster cicatrization with the 
PCL- β -CD.NH2 and EGF. In this work a new electrospun scaffold was produced with a potential application for skin regeneration.
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In vitro generated human skin equivalents are generating interest as promising tools in basic study, as alternatives to animal testing, and for 
clinical applications in regenerative medicine. We recently reported a simple and unique bottom-up approach to develop 3D multilayered cell 
composites by the fabrication of thin films consisting of nanometer-sized layer-by-layer (LbL) fibronectin (FN)-gelatin (G) (FN-G) onto the single 
cell surfaces1). In this study, we developed a 3D human skin models (LbL 3D Skin) by a cell coating technique using LbL assembled FN-G thin 
films2). The constructed LbL 3D Skin models were evaluated as an alternative skin for skin irritation tests3). The LbL 3D Skin models with dermis 
consisting of normal human dermal fibroblasts (NHDF) and epidermis consisting of human keratinocytes (KC) were easily fabricated by using 
this technology. Histological analysis of the constructed LbL 3D Skin models revealed four distinct layers, basal, spinous, granular, and cornified 
layer in the epidermis and dermis. It was confirmed that the LbL 3D Skin models are applicable to skin irritation testing as defined in the 
European Centre for the Validation of Alternative Methods (ECVAM) Performance Standard (OECD Test Guideline 439). We further studied the 
construction of the models with density-controlled blood capillary networks using human umbilical vein endothelial cells (HUVEC). The results 
suggest that the LbL 3D Skin models allowing incorporation of skin appendages are more promising alternatives to animal testing, and can be 
applied to the design of physiologically relevant in vitro skin models. From August 2018, international standardization of our developed LbL 3D 
Skin models as alternatives to animal testing has begun. We intend to challenge international standardization of tissue models and change the 
face of industry with our new “building block” method. Moreover, we challenge the development of innovative tissue models as regenerative 
medicine and their international standardization by utilizing academic-industrial collaboration.
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Human skin is a connective tissue three-dimensionally organized by dynamic complex network with dermal fibroblasts, melanocytes, and 
keratinocytes. Accordingly, three-dimensional (3D) culture of each cell type constituting skin tissue has been roundly requested for artificially 
constructing in-vivo-like skin tissue. In order to construct 3D scaffold stimulating proliferation of human dermal fibroblasts (HDFs) among skin 
cell types, a mechanical property of 3D scaffold and a concentration of RGDSP incorporated in the 3D scaffold were optimized in our previous 
study as a first step. However, this 3D scaffold didn’t seem to play an important role in offering 3D microenvironments of HDFs sufficiently to 
construct in-vivo-like skin tissue. Therefore, as a second step toward constructing synthetic 3D microenvironments providing advanced HDFs-
friendly network, we tried to construct PEG-based 3D scaffold with addition of concentration of PEILDVPSTV in the established PEG-based 3D 
scaffold. For these, the presence of integrin α4β1 on the surface of HDFs was estimated using immunocytochemistry and attachment and 
antibody inhibition assay. Then, effects of extracellular signaling derived from PEILDVPSTV activating integrin α4β1 in 3D PEG-based hydrogel 
on stimulating proliferation of HDFs and synthesis of extracellular matrix (ECM) proteins in those was elucidated after the culture of HDFs for 
14 days in 7.5% (w/v) 4-arm PEG- based hydrogels combined with 3200μM of RGDSP and each concentration of PEILDVPSTV (0, 400, 800, 
1200, and 1600μM) was conducted. As the results, localization of integrin subunit α4 and β1 was observed on the surface of HDFs, and the 
integrin heterodimers α4β1 was present in active form. In addition, even though no significant difference in proliferation of HDFs were detected 
among the groups, col1a1, elastin, and FN were significantly up-regulated on the mRNA levels in HDFs cultured in the PEG-based hydrogel 
containing 400, and 800 μM of PEILDVPSTV, and lam5a was significantly expressed in the PEG-based hydrogel containing 800 μM of 
PEILDVPSTV. From these results, we suggest that synthetic 3D scaffold derived from 7.5% (w/v) 4-arm PEG-based hydrogel with 3200 μM 
RGDSP and 800uM of PEILDVPSTV can closely materialize in-vivo like skin tissue.
 * This research was supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the 
Ministry of Education (2016R1D1A3B03933811).
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Introduction:High hydrostatic pressure (HHP) technology is reported in various fields, for example, food preservation, bacteriology, and medical 
science. We previously reported that HHP of 200 MPa could inactivate nevus specimens. However, the estimated cell death upon application of 
HHP of 180–200 MPa for a duration sufficient for the inactivation of skin cells remains unclear. In this study, we evaluated the amount of time 
and pressure necessary for complete skin cell inactivation as well as cell-death pathways. Material and Methods:We prepared six types of 
human cells: dermal fibroblasts (HDFa; Gibco), adipose tissue-derived stem cells (ASCs; DS Pharma), epidermal keratinocytes (HEK; Gibco), 
epidermal melanocytes (HEMa-LP; Gibco), malignant melanoma cells (MM; Public Health England Culture Collection), and squamous cell 
carcinoma cells (SCC; DS Pharma). The pressure was increased to 150, 160, 170, 180, and 190 MPa and maintained for 1 s, 2 min, and 10 min. 
We performed the live/dead assay, WST-8 assay, apoptosis assay using annexin V, and the apoptosis assay using zVAD-FMKof cells with HHP. 
Furthermore, we observed HDFa that was pressurized at 190 MPa and kept for 1 s, 2 min, and 10 min by transmission electron microscopy 
(TEM). Results:The results of the live/dead assay indicated cell membrane damage caused by HHP. An increase in inactivated cell was observed 
in the cells applied with HHP at any intensity for 10 min. The WST-8 assay showed that dehydrogenase activity was still present in five cell 
types (HDFa, ASCs, HEMa-LP, SCC, and MM) applied with HHP at any intensity for 1 s and 2 min. However, no dehydrogenase activity was 
noted in HEKa with HHP for 2 min and 10 min and in other cells that had undergone >180 MPa of HHP for 10 min. The apoptosis assay using 
annexin V showed that in the group that underwent HPP for 10 min, the number of cells in the late apoptotic/dead group gradually increased 
when the pressure was increased. The apoptosis assay using zVAD-FMK was performed on HDFa and MM. Both HDFa and MM-exposed zVAD-
fmk did not proliferate. We observed the explosion of cell membrane by TEM in HDFa with HHP of 190 MPa for 10 min. Conclusion:The 
application of HHP >180 MPa for 10 min completely inactivated the six types of human cells. The sensitivity of cell viability with HHP varies by 
cells. Necrosis was found to be the predominant cell-death pathway.
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Human skin is known to be a connective tissue three-dimensionally organized by dynamic complex network with dermal fibroblasts, 
melanocytes, and keratinocytes. Accordingly, three-dimensional (3D) culture of each cell type constituting skin tissue has been strongly 
required for artificially materializing in-vivo-like skin tissue. In order to construct 3D scaffold stimulating proliferation of human dermal 
fibroblasts (HDFs) among a variety of skin cell types, a mechanical property of 3D scaffold was optimized in our previous study as a first step. 
However, this 3D scaffold didn’t seem to play a prominent part in stimulating sufficient proliferation of HDFs to construct in-vivo-like skin tissue. 
Therefore, as a second step toward constructing synthetic 3D microenvironments optimized to advanced proliferation of HDFs, we tried to 
construct PEG-based 3D scaffold with addition of concentration of RGDSP promoting biological process of HDFs in the PEG-based 3D scaffold 
with the established mechanical strength. For these, the presence of integrin α5β1 on the surface of HDFs was investigated through 
immunocytochemistry and attachment and antibody inhibition assay, and effects of extracellular signaling derived from RGDSP activating 
integrin α5β1 in 3D PEG-based hydrogel on stimulating proliferation of HDFs were elucidated. Localization of integrin subunit α5 and β1 was 
observed on the surface of HDFs, and the integrin heterodimers α5β1 was present in active form. Subsequently, the 3D scaffold based on 7.5% 
(w/v) 4-arm PEG hydrogels was reinforced by addition of each concentration of RGDSP peptides (0, 1600, 2400, and 3200 μM), and HDFs 
encapsulated in these PEG-based 3D scaffolds were cultured for 14 days. With thin and spindle morphology of HDFs, significant increase of cell 
proliferation was detected in HDFs cultured in the PEG-based hydrogel conjugated with 3200 μM RGDSP, compared to the others. From these 
results, we suggest that synthetic 3D scaffold derived from 7.5% (w/v) 4-arm PEG-based hydrogel with 3200 μM RGDSP peptides can support 
effectively proliferation of HDFs. 
  
 * This research was supported by Basic Science Research Program through the National Research Foundation of Korea (NRF) funded by the 
Ministry of Education (2016R1D1A3B03933811).
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Cutaneous wound healing is a complex molecular process aiming to re-establish the structure and functions of the injured skin. Among other 
disorders, peripheral neuropathies are known to impair wound healing. A former study from our lab has found that PNS cells, namely 
peripheral glia are crucially involved in this process. Wounding of the murine back skin led to activation of peripheral glia, by inducing de-
differentiation, cell-cycle re-entry and dissemination of the glial cells from the injured nerve into the wound bed1. Transcriptome analysis of 
genetically traced and isolated glial cells from the wound further showed upregulation of many secreted factors previously associated with 
wound healing. Those factors stimulate TGF-β signaling pathways, which further lead to increased myofibroblast formation, a hallmark of 
wound healing. Depletion of the glial cells led to impaired wound contraction and healing, further proving their important role in regeneration 
after injury. Regarding de-differentiation, injury-activated glia upregulated the Neural Crest Stem Cell (NCSC) marker p75/NGFR pointing to a 
NCSC-like cell state similar to the embryonic origin of the peripheral nervous system: the Neural Crest Stem Cells. This observation made us 
curious about whether such NCSC-like cells in the wound derive from residual stem cells present in and around the normal nerve or whether 
glial cells have the capacity to undergo such a de-differentiation process to acquire progenitor fates and contribute to the healing of the tissue. 
In other words, whether the cells with regenerative capacity represent distinct cell types or one highly dynamic population that gets activated 
upon injury. To answer this intriguing question, we want to do single-cell RNA sequencing on traced glial cells (Dhh::Cre R26R::tdTomato) from 
healthy skin and wounds at different stages of the regeneration process. By doing so, we will understand how nerve-derived cells contribute to 
wound healing in a temporally and functionally distinct manner over the course of the healing process of the skin. Our results will be highly 
relevant for further research not only in the field of cutaneous wound healing but also in other tissues for which regeneration has been shown 
to rely on innervation, such as heart and skeletal muscle. 
 
 Reference:
 1Parfejevs et al., Nature Communications 236 (2018). doi: 10.1038/s41467-017-01488-2
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The geriatric population is prone to chronic wounds, which cost the UK National Health System £1 billion/year. Unfortunately, current 
treatments are inefficient. In vitro models that mimic the in vivo scenario would be ideal to test biomaterial-based therapies for chronic wounds 
so their behavior when used in vivo could be predicted. Aged dermal fibroblasts attach normally but show deficient migration due to a 
significant reduction in α2β1 integrin function, although α2 integrin expression is normal1. We hereby report the engineering of a population 
of cells that mimicked the behavior of aged dermal fibroblasts usually found in the clinically challenging chronic wounds that could be used in 
in vitro models of aged wound healing to test new biomaterial-based therapies. For this purpose, we used synthetic RGD peptides that bind to 
integrins and have been used to study cell migration or in biomaterials to promote cell attachment. The first part of our study was carried out 
on 3 different 2D surfaces representative of the materials used to develop dermal scaffolds: hydrophilic synthetic polymeric surface, and 
fibrinogen and gelatin surfaces which both contain RGD binding sites. Different variables and RGD peptide concentrations were tested. Cell 
attachment, migration, and integrin expression were studied. Next, RGD treated cells were seeded in commercially available, clinically used, 
collagen-based 3D dermal scaffolds (Integra® and Matriderm®) and their attachment and migration studied. The mechanism of action of both 
scaffolds is through integrin ligands. Results on 2D surfaces showed cell attachment is reduced in a concentration dependent manner. Cells 
cultured on gelatin surfaces looked the most spread and obtained overall the least reduction in cell migration, suggesting that the number of 
RGD sites of the surface may influence the effect of the peptides. Expression of integrins was not affected and the components of the migration 
pathway were not altered by the RGD peptides. Results in 3D scaffolds showed that the concentration of synthetic RGD peptides necessary to 
impair migration of dermal fibroblasts should be tailored to the number of RGD sites present in the 3D matrix. We believe that this technology 
could be translated to other cell types including established cells lines, thus eliminating the need for primary tissue harvest.
  
 References:
 1. M.J. Reed et al. Mech Ageing Dev 122(11), 1203, 2001.
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Melanoma cell sensitivity to targeted therapy molecules is dependent on tumor microenvironment (cell-cell and cell-extracellular matrix 
interactions). Three dimensional (3D) in vitro cell culture systems better reflect the native structural architecture of tissues and are attractive to 
investigate cellular interactions. We have developed and compared several metastatic melanoma models: from melanoma cells (SK-MEL-28 and 
SK-MEL-3, BRAF V600E mutant) cultured as monolayer (2D) to a co-culture on 3D dermal equivalents with fibroblasts to better unravel factors 
modulating cell sensitivity to a BRAF inhibitor (BRAFi) and a BRAFi combined with a MEK inhibitor (MEKi). 
 Cell sensitivity to treatments was evaluated under various aspects: cell proliferation (cell counting, EdU incorporation, MTS assay), MAPK and 
PKB/Akt signaling pathway analysis (Western-blotting), apoptosis (TUNEL), cytokine release (ELISA) and histology (3D models). 
 Metastatic melanoma cell proliferation inhibition upon BRAFi treatment was assessed in both models, without apoptosis induction. In 2D 
melanoma cells, phosphorylated protein expressions decreased during the treatment, whereas MAPK signaling pathway was not modified in 
dermal fibroblasts (BRAF wt). No effect on signaling pathways was observed in the co-culture model, due to the large proportion of fibroblasts. 
In these 3D models, dermal fibroblasts released high levels of IL-6, IL-8 and HGF on metastatic melanoma cells, cytokines involved in cell 
survival. However, despite this pro-survival factor release, BRAFi treatment was efficient on metastatic melanoma cells (assessed by cell 
proliferation and histology). Recently, first line treatment has evolved to a combined treatment (BRAFi + MEKi) that improves patient survival. 
The combined treatment was also tested on in vitro models and it appears to improve cell response, with strong decreases in DNA synthesis 
and melanoma cell proliferation in both models (2D and 3D co-culture). 
 In the long run, this model will be established with cutaneous metastatic melanoma cells isolated from patients. These 3D predictive patient-
specific models will be used to determine personalized therapy strategies, as well as to understand the resistance phenomena of melanoma 
cells to treatments. 
 The authors would like to thank the Picardie region and the European Regional Development Fund (ERDF) 2014/2020 for the funding of this 
work and Oise committee of “La ligue contre le cancer”.
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The presence of xenobiotic metabolising enzymes in the skin is of considerable importance for the pharmaceutical industry as these enzymes 
can convert bioactive chemicals to toxic metabolites that may lead to toxicity or hypersensitivity. Tissue engineered skin equivalents are used 
for toxicity research, however, whilst gene expression of xenobiotic metabolizing enzymes in skin and skin equivalents has been detected, data 
on protein expression and function of these enzymes in skin equivalents is limited. Moreover, there is limited in silico modelling with regard to 
cutaneous drug delivery and metabolism. Here we characterize gene and protein expression along with functionality of a subset of enzymes in 
native human skin and skin equivalent models to elucidate enzymatic profiles and activity. We further use mathematical models, parameterised 
against in vitro experimental data, to inform the spatial distribution of metabolism in tissue-engineered skin.
  
 Human skin generally expressed increased levels of phase 1 and phase 2 enzyme mRNA and protein than skin equivalents. With the exception 
of GSTpi, both skin and skin equivalents expressed lower levels of enzymes than liver. GST activity in tissue engineered models revealed similar 
levels of activity between the epidermal and dermal layers, indicating that this enzyme is uniformly distributed. For mathematical modelling a 
coupled system of partial differential equations was developed to describe the transport of parent compound and metabolites through a 
geometry representative of skin and the model was solved using finite element methodology subject to boundary conditions that resembled 
the in vitro setup. The model predicted the spatial heterogeneity in the parent compound and metabolite concentrations within the skin. The 
parent compound concentration was highest at the corneum and decayed through the epidermis as a consequence of cellular metabolism and 
this was reciprocal for the metabolites. 
  
 In summary, xenobiotic metabolising enzymes are expressed in skin equivalents and these models will provide a useful tool to investigate 
xenobiotic metabolism of chemicals reaching the skin. Mathematical models, parameterised by diffusion and metabolism parameters, were 
able to predict the spatial distribution of parent compound and metabolite within in vitro skin equivalents and so may aid identification of 
toxicity profiles for defined chemicals. 
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Abstract: Diesel exhaust particles (DEP) cause serious problems in our body, one of the main causes of air pollution. In particular, diabetic 
wounds are delayed in wound healing due to the regulation of apoptosis and inflammatory responses due to exposure of diesel exhaust 
particles. Red ginseng has a good effect on improving immunity and controlling blood sugar. In particular, ginsenoside Rg1 (Rg1), a saponin 
component of red ginseng, has an immune function and a skin improving effect. The authors treated a full-thickness skin diabetic wound in 
mice to assess wound healing efficacy via oral administration of Rg1. Materials and Methods: In this study, adult male ICR mice (N = 36) were 
used. The groups were divided into three groups according to oral administration of mice: a control group treated with phosphate buffered 
saline (PBS), a group treated with red ginseng extract, and a group treated with Rg1. Each mouse was orally administered daily for 10 days, 
sacrificed on days 4, 7 and 10 after wound induction. Histologic analysis was performed with hematoxylin-eosin (H & E) staining and 
Immunohistochemistry (IHC). Expression of growth factors such as vascular endothelial growth factor (VEGF) and transforming growth factor β
1 (TGF-β1) by reverse transcriptase-polymerase chain reaction (RT-PCR) and Western blotting were also investigated. In our study, we 
examined whether the administration of red ginseng extract and ginsenoside Rg1 affects the expression of VEGF and TGF-β1 in the diabetic 
wound model. Results: Our knowledge showed that lack of VEGF and TGF-β1 expression in the control group (diabetic wounds not treated 
with red ginseng) did not affect wound healing stages. These results are indicative of the wound healing in the diabetic wound model, which 
slows the transition to the proliferative phase due to the slower response of the inflammatory phase. Red ginseng is effective in wound healing 
by regulating VEGF and TGF-β expression, as suggested by several studies. Similarly, our results suggest that treatment of red ginseng in 
diabetic wounds may further promote wound healing. Conclusion: We observed that ginsenoside Rg1 is more effective in healing wounds of 
diabetic wounds
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Among the many factors that influence skin wound healing, the role of glial cells derived from the peripheral nervous system have recently 
gained particular attention. Using a mouse wound model, we found that upon wounding the dorsal skin, de-differentiated glial cells 
characterized by upregulated expression of SOX10, p75, c-JUN and pERK emerge from disrupted nerves and migrate into the wound bed. 
Genetic depletion of peripheral glia delays wound healing, which correlates with decreased myofibroblast content in the wound. Accordingly, 
genetic expansion of glial cell number leads to increased myofibroblast content, although without promoting wound closure. Moreover, glial 
transcriptome analysis reveals that upon injury, most upregulated genes code for proteins destined for secretion, and many of which play key 
roles in wound healing.
 To assess whether de-differentiated glia also participate in human wound healing, we performed an extensive histological analysis of human 
skin samples. While non-wounded skin is devoid of de-differentiated glia, such cells are found scattered throughout the area of recently-closed 
wounds. Quantification analysis shows that chronic wounds, particularly those with associated diabetes, have a significantly lower number of 
de-differentiated glia than closed wounds. Intriguingly, in contrast to closed wounds, the de-differentiated glia are restricted to the periphery of 
chronic wounds, suggesting that these cells fail to migrate into the chronic wound bed or the chronic wound environment does not support the 
survival of the cells. At the other end of the wound healing spectrum, keloids, a type of over-scarred tissues, have a high proportion of de-
differentiated glia despite little myofibroblast content. This differs from our observation in mice where increased numbers of de-differentiated 
glia correlate with increased amount of myofibroblast. This difference may either reflect a functional difference between glial cells in wounded 
mouse and human skin or be intrinsic to the properties of keloids. In sum, the results suggest that nerve-derived glial cells are important 
contributors to human wound healing.
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Introduction: Delayed healing of grafted and donor site wounds of burn patient is the challenging problem. Various factors negatively affect cell 
proliferation in the burn wounds. It has been shown that telomerase activity (TA) is decreased in burn wounds. We have previously reported 
that sea buckthorn seed (SBS) oil improved healing of grafted burn wounds. Omega-7 (ω-7) is a most abundant fatty acid in SBS and it has 
been shown to be critically involved in skin and mucosal tissue regeneration. The effects of omega-7 on burn wound healing are not studied. 
The aim of this study was to test the efficacy of omega-7 on both 3rd degree ovine grafted burn and donor site wounds with a focus on TA. 
Methods: In vitro, scratch injury was made in cultured ovine keratinocytes and various doses of ω-7 were tested at 0 and 17 h. The numbers 
of colonies were counted at 72 and 96 h. In vivo, total 28 full-thickness flame burn sites with size of 25 cm2 were made on the both sides of 
ovine dorsum. 24 h after burn, escharectomy and split-thickness skin grafts were performed. The wound sites were randomly allocated to 5% 
ω -7 or vehicle treatment. The donor sites were also randomly allocated to daily treatment with 5% ω -7 or vehicle. Grafted site 
unepithelialized area, blood flow, and donor site complete epithelization day were determined 7th and 14th d. TA was measured in grafted 
wounds at 14th. Results: In vitro, the percent of scratch wound closure of cultured keratinocytes was significantly higher with ω-7 treatment 
(0.1%) vs. vehicle (p=0.002). The number of colonies in ω-7 treated group at 72 and 96 h were significantly higher than control (p=0.02 and 
0.002). In vivo, the grafted site: Unephithelized area was significantly smaller in treated sites than control sites at 7th and 14th d (p=0.003 and 
<.0001). The blood flow in treated sites was significantly greater than in control sites at 7th and 14th d (p=0.047, respectively). TA in ω
-7-treated sites was significantly higher than control (p=0.007). Donor sites: The complete epithelization time was significantly shorter in 
treated sites than in control sites (p=0.02). The blood flow in treated sites was significantly greater than in control sites at 7th d (p=0.034). 
Conclusions: Topical application of 5% ω-7 increases TA and accelerates full-thickness burn wound and donor site healing. ω-7 should be 
considered as a cost-efficient and effective supplement therapy to boost healing of skin wounds.
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Topographic features play a crucial role in the regulation of physiologically relevant cell and tissue functions. Here, an analysis of feature-size-
dependent cell–nanoarchitecture interactions is reported using an array of scaffolds in the form of uniformly spaced ridge/groove structures for 
engineering wound healing. On these matrices, fibroblasts demonstrate a biphasic trend of cell body and nucleus elongation showing the 
maximum at intermediate feature density, whereas maximum migration speed is observed at the dense case with monotonic decrease upon 
increasing feature size. The directional organization of cell-synthesized fibronectin fibers can be regulated differently via the nanotopographical 
features. It is demonstrated that the properties of repaired tissue matrices in the process of wound healing may be controlled via the feature-
size-dependent cell–nanoarchitecture interactions, which can be an important consideration for designing tissue engineering scaffolds.
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Background: Autologous skin grafting is the current mainstay for wound repair, but it is limited by donor site scarcity and morbidity. We 
recently developed an alternative method to harvest skin - in the form of multiple small (~0.5mm diameter), full-thickness "columns" - in order 
to harness the benefits of full-thickness skin grafting, while minimizing donor site morbidity. 
 
 Methods: The harvesting and donor site healing of full-thickness micro skin tissue columns (MSTCs), as well as the ability of MSTCs to enhance 
healing, were evaluated in swine. The ability of human-derived MSTCs to restore different epidermal and dermal components was determined 
by engrafting human MSTCs into skin wounds on immunodeficient mice, followed by immunohistochemical analysis. Soluble factors released by 
MSTCs were assessed by functional assays and multiplex ELISA.
 
 Results: In the swine model, full-thickness MSTCs could be harvested in large quantities, followed by rapid healing of donor sites with no 
scarring. Autologous MSTCs "scattered" (i.e. without maintaining epidermal-dermal orientation) into full-thickness porcine skin wounds led to 
accelerated re-epithelialization and reduced contraction. Human MSTCs engrafted into skin wounds on immunodeficient mice resulted in the 
restoration of many key components of normal human skin, including stratified human keratinocytes and functional melanocytes in the 
epidermis, human fibroblasts, hair follicles, sebaceous glands, and functional sweat glands in the dermis. MSTCs also release many soluble 
factors known to play important roles in the wound healing process, and these MSTC-derived factors enhanced cell migration, proliferation, 
and endothelial tube formation in in vitro functional assays.
 
 Conclusion: Our results show that harvesting and engrafting autologous MSTCs could be a practical, bed-side therapy for wound repair, 
without long-term donor site morbidities. This approach was recently commercialized, and a clinical device for applying this technology is 
currently being utilized in wound centers in the United States.
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Non-healing wounds causes significant disability for patients and large costs to the health care system. Treatment to achieve healing often 
involves transplantation, where split-thickness skin grafts (STSGs) is considered gold standard. STSGs are associated with several drawbacks, 
including donor site morbidity, lack of sufficient donor tissue and poor healing outcome. To overcome these hurdles, efforts have been made to 
develop tissue engineered skin substitutes, usually comprised of a combination of cells and biomaterials.  
 The current study investigated transplantation of autologous keratinocytes and fibroblasts seeded on porous microcarriers (MC) using a 
porcine wound healing model. The protocol was approved by the Swedish Board of Agriculture.  
 Keratinocytes and fibroblasts were isolated from tissue biopsies taken from six adult female pigs and expanded in the laboratory. Cells were 
subsequently seeded on MCs for further expansion and transplantation, thus avoiding enzymatic detachment of cells. The MCs and cells were 
transplanted to a total of 120 surgical full-thickness wounds and covered with occlusive dressings. The experimental groups included wounds 
transplanted with MCs seeded with both cell types, MCs seeded with each cell type individually, MCs only, each cell type in suspension, and 
NaCl control. Wounds were allowed to heal for one or two weeks before being excised and processed for analysis. 
 Haematoxylin and eosin staining revealed incorporation of MCs in the healing wounds, with some degradation of the material after one week. 
After two weeks, MCs were to a large extent degraded. Wounds receiving MCs with keratinocytes and fibroblasts displayed a significantly 
thicker neoepidermis compared to control wounds (p < 0.05) at both time points. The neoepidermis and cells adherent to the MCs seeded 
with keratinocytes stained positive for pancytokeratin.  
 Procollagen formation was found to increase in wounds transplanted with fibroblasts compared to controls, but only at the first time point. 
Wounds transplanted with MCs with or without cells showed an increase in procollagen content lasting throughout the experiment.  
 In conclusion, the experiments performed illustrate that autologous cells seeded on MCs is a promising candidate for skin transplantation, 
resulting in increased epidermal thickness and collagen formation. Future studies will focus on additional outcome parameters to evaluate 
long-term quality of healing following transplantation. 
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Missing teeth is a common and frequently occurring problem in aging populations. The exploration of new strategies for tooth replacement has 
become a hot topic. Using the foundations of experimental embryology, developmental and molecular biology, tooth regeneration is becoming 
a realistic possibility. The number of teeth is usually strictly determined. Recently, many candidate molecules might be those that are involved 
in embryonic tooth induction, in successional tooth formation, or in the control of the number of teeth. This means that it may be possible to 
induce de novo tooth formation by the in situ repression or activation of a single candidate molecule. Molecular targeted therapy is a type of 
treatment in which drugs or other substances are used to specifically attack certain cell types by interfering with critical target molecules. 
Molecular targeted therapy could be used to generate teeth in patients with congenital tooth agenesis by stimulating arrested tooth germs.
Runx2-/- mice exhibit stunted tooth formation. Recently, a patient with a unique Arg131Cys missense RUNX2 mutation was shown to have a 
novel dental phenotype; i.e., no supernumerary teeth but one congenitally missing tooth.We demonstrated that the deletion of Usag-1 rescued 
the hypoplastic and poorly differentiated molar and incisor phenotypes seen in Runx2-/- mice. The rescue of tooth formation in genetically 
defined mouse models clearly demonstrates the feasibility of inducing de novo tooth formation via the in situ repression of a single targeted 
gene. Our investigations and related studies clearly validate the hypothesis that the de novo repression of target genes, such as Usag-1, could 
be used to stimulate arrested tooth germs in order to induce new tooth formation in mammals. Furthermore, rudimentary incisors were found 
to survive and erupt as supernumerary teeth as a result of USAG-1 abrogation. If we extrapolate our research findings to humans, they support 
the suggestion that a “third dentition” of one more sets of teeth can occur in addition to the permanent dentition. In this context, stimulation of 
the formation of a third dentition might be a novel approach in order to achieve biological tooth replacement.
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Photobiomodulation(PBM) is a safe and non-invasive method that can provide various clinical effects. Conventional PBM devices using Light-
Emitting Diode and laser have various problems such as low flexibility, relatively heavy weight and non-uniform effects. In this study, we present 
Organic Light-Emitting Diode (OLED) PBM patch which can be attached to the human body. It will provide practical performance (> 10mW/
cm2) even at low voltage (< 10V). In order to study the wound healing effects, the effects of OLED PBM patch was investigated using scratch-
wound healing assay model of cultured normal human fibroblasts. Results showed that red-wavelengths OLED (630, 650, 670, 690 nm) have 
excellent stimulatory effects on fibroblast proliferation and migration. Interestingly, there are relatively large differences according to the 
wavelength used. Thus, our study showed that different biologic responses can be induced according to small wavelength differences. Among 
the wavelengths tested, 650nm and 670 nm induced rapid proliferation of fibroblasts. In addition, all different wavelengths and energy 
conditions also increased fibroblast migration. However, there are also relatively large variations with different conditions. Wavelengths of 630 
and 650 nm induced more migration at low energy levels while wavelengths of 670 nm and 690nm induced more migration at high energy 
levels. These findings indicate that different wavelengths may show different biologic responses according to the energy level. Compared to 
LED platform, OLED platform can provide relatively pure wavelengths. All these findings clearly show that OLED PBM patch can be expected to 
be beneficial in clinical application compared to LED PBM patch but their effects need to be optimized by controlling the wavelengths and 
energy of OLED. From these observations, we can conclude that the wearable OLED system will be used in various therapeutic applications in 
the future, including medical and cosmetic procedures. 
 Acknowledgement: This work was supported by the Engineering Research Center of Excellence (ERC) Program supported by National 
Research Foundation (NRF), Korean Ministry of Science & ICT (MSIT) (Grant No. NRF-2017R1A5A1014708).
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The in vivo effect of prolyl hydroxylase inhibitors on the regeneration of the pulp-dentin complex is unclear. The purpose of this study was to 
investigate the effect of DMOG-embedded poly( ε -caprolactone) fiber (PCLF/DMOG) on odontoblastic differentiation of human dental pulp 
cells (hDPCs) by transplantation of the dentin slice model. hDPCs were seeded onto electrospun PCLF and PCLF/DMOG in dentin slices and 
then transplanted into nude mice. The surface topography was evaluated for both PCLFs, and DMOG release from the PCLF/DMOG was 
examined. The effects of the DMOG/PCLF were assessed by histology and RT-qPCR. The PCLF/DMOG treated dentin slices showed higher 
cellularity with a palisading arrangement of hDPCs and organized collagen fibers. We found that the DMOG/PCLF significantly stimulated the 
expression of VEGF, DSP, and BSP in the hDPCs (P < .05) and mVegfa, mPecam 1, and mNefl in the surrounding host cells (P < .05). These 
results show that DMOG/PCLF has potential in pulp-dentin complex regeneration by promoting odontoblast differentiation of hDPCs and by 
enhancing host cell recruitment, angiogenesis, and neurogenesis, through the released DMOG-mediated cell responses.
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The destruction of periodontal tissue as consequence of periodontitis, a prevalent infection of gingiva, is a major clinical issue. Current clinical 
treatments enable to halt the disease, but the resulting repair outcomes are fairly variable and do not restore the periodontal tissue function. 
Periodontal tissue engineering (TE) aims at regenerating the periodontal wound by: 1) stimulating the self-heling ability of periodontium; 2) 
providing a stable matrix to drive the regrowth of both soft and hard periodontal tissue; 3) preventing of soft gingival tissue collapse into the 
periodontal wound.
 The present study proposed the use of structured compartmentalized systems for addressing such requirements and explored the application 
of platelet lysate (PL), as a new tool in the design of periodontal TE approaches. These bi-layered compartmentalized system was composed of 
1) a PL ‐ based construct, aiming to regenerate the root cementum and periodontal ligament, and 2) a calcium phosphate cement composite 
incorporated with PL-laden microspheres, aiming to promote the regeneration of alveolar bone.
 The system components were shown in vitro to be stable, capable of supporting cell adhesion and proliferation, and released relevant growth 
factors for periodontal healing (namely FGF, PDGF-BB and TGF-β1). Subsequently, the developed materials were assembled as compartments 
of the bi-layered system, with or without cells, and implanted in 3 ‐ wall periodontal defect in rats. Our data showed that the stabilization of 
platelet-origin proteins on the root surface increased the overall periodontal healing score and restricted the formation of long epithelial 
junctions. Finally, it was assessed the ability of a radially oriented multi-patterned device as a suitable tool for selecting the most adequate 
topography to be casted in PL-based constructs aiming at improve the anisotropic arrangement of periodontal ligament cells.
 Overall, results obtained clearly demonstrated the versatility of PL as a source of bioactive signals prone to orchestrate the healing of 
periodontal wound. Moreover, the stabilization of platelet-origin proteins over the exposed root surface was proved to be of utmost 
importance for the predictable regeneration of periodontal tissue. 
  
 Acknowledgments: BIBS (PTDC/CVT/102972/2008), PB PhD grant SFRH/BD/73403/2010, project NORTE-01-0145-FEDER-000021, HORIZON 
2020 (TEAMING Grant agreement No 739572) - The Discoveries CTR, and FCT grant IF/00685/2012
  
 



796

a93429

	 03-P468	 IGSF10: An Old/New Factor Benchmarked to BMP2 and Implications in Bone Regeneration 

Jin Wen1,2，Ming Xie1,2，Lusai Xiang1，Linda He1，Mariam Zade1，Sainang Wang1，Xinquan Jiang2，Jeremy J Mao1

1Dept. of Orthopedic Surgery, Columbia University, New york, NY, USA，2Department of Prosthodontics, Ninth People Hospital affiliated to Shanghai Jiao Tong University, School of Medicine, 
Shanghai, China

Introduction There is an acute need for new bone regeneration factors, given adverse effects associated with BMP2. IGSF10 was first 
discovered in 2004 in a single report, showing its expression in fracture callus. However, little is known whether IGSF10 ligand may or may not 
promote osteogenesis. Here, we explored putative osteogenesis roles of IGSF10 by molecular signaling and in an in vivo orthotopic bone 
defect model.
 Materials and Methods Donor matched periodontal bone and dental pulp samples were obtained from six human subjects after IRB approval. 
Periodontal cells (PCs) and dental pulp cells (DPCs) were isolated. Osteogenic differentiation was assayed with alizarin red and western blot, 
and benchmarked to BMP2. Cignal Reporter assay probed IGSF10 signaling. Critical-size, calvarial bone defects were created in C57/BL mice, 
followed by IGSF10 delivery. All quantitative data were treated with statistical analysis (p<0.05).
 Results IGSF10 showed ~16-fold higher expression in remodeling-active periodontal tissue than donor-matched dental pulp, which is 
remodeling dormant, per RNA-seq data. IGSF10 promoted proliferation and mineralization in a dose-dependent manner. IGSF10 significantly 
promoted PC migration, similarly to 10% FBS. Remarkably, IGSF10 promoted robust mineralization and showed synergistic effects to BMP2. JNK 
and other signaling pathways were activated upon 100 ng/mL IGSF10 treatment.
 Discussion and Conclusions These findings demonstrate IGSF10’s robust osteogenesis capacity, and yet in a context-dependent manner and 
via MAPK/JNK pathway, instead of canonical BMP signaling.  IGSF10’s osteogenesis potential, independent of and yet synergistic to BMP2, 
suggests that it may reduce BMP2 doses and/or act as a new osteogenic factor. 
 Acknowledgements This work was funded by NIH 1R01AR065023.
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Objective: The purpose of this study was to prepare and compare five different autologous blood preparations using highly standardised 
manufacturing methods via a clinically available PRP production machine. This enabled the assessment of the various blood product influences 
on primary osteoblast. Further, quantitative comparison was performed of the amount of growth factors contained within and released from 
the products.
  
  Methods: Five different hemo-preparations were obtained from sheep blood: Advanced Platelet Rich Fibrin (A-PRF), Injectable Platelet Rich 
Fibrin (i-PRF), Pure platelet rich plasma (P-PRP), Leucocyte-Platelet rich plasma (L-PRP) and thrombus (CLOT). Human primary osteoblasts were 
cultured with media containing the various preparations at different dilutions. Live/dead, cell proliferation, migration and mineralization assays 
were performed. Additionally, pH variations and the grown factor release profiles for IGF-I, PDGF-BB, VEGF and BMP-2 were determined by 
ELISA as well as real-time PCR for genes encoding BMP-2, RUNX-2, ALP, OCN and COL1A1. 
  
 Results: Positive influences on cell behaviour were found for all experimental groups compared to the control, except for A-PRF which revealed 
a negative impact at 60% or higher.  pH alkaline conditions were observed for all groups but they normalised to physiological levels after 10 
days. Grown factors release profiles were evident for 2 weeks, especially for VEGF and BMP-2. A lower i-PRF/BMP-2 release profile (300 ng/
mL) was enough to evoke high BMP-2 relative gene expression at 3 days. A significant cumulative release profile of IGF-I and PDGF-BB was 
noted for the A-PRF and L-PRP groups at early time points.
  
 Conclusion Advanced Platelet Rich Fibrin (A-PRF) in its pure form negatively affected cell growth, migration, mineralization and viability of 
primary osteoblasts.  Additionally, Injectable Platelet Rich Fibrin (i-PRF) demonstrated enhancement of osteoblast performance regardless of 
the concentration used. A sustained growth factors release profile was a characteristic of i-PRF. 
 
  Keywords: PRP, PRF, bone formation, platelets, grown factors, fibrin
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Objective: Our objective is to create living, bioengineered replacement teeth as an alternative to currently used synthetic dental implants. 
Methods: Our approach uses biodegradable scaffolds, seeded with human dental pulp derived stem cells (hDPSCs), or porcine derived dental 
epithelial and dental mesenchymal cells, and human endothelial cells (HUVECs), for in vitro and in vivo characterizations.  Scaffolds currentl 
being investigated include: decellularized porcine tooth bud extracellular matrix (dtb-ECM) scaffolds; GelMA hydrogels; Dental Cell Sheets; and 
tyrosine derived E1001(1k)-bTCP scaffolds. Optimized cell-seeding densities and in vitro culture methods have been defined.  Acellular and cell 
seeded constructs are cultured in vitro for 7 days in osteogenic media, and then implanted and grown subcutaneously in rats for 1, 3 and 6 
weeks, or intra-orally in rabbits and mini pigs for 1 and 2 months. In vivo mineralization is assessed and quantified using microCT (Bruker), and 
dental cell differentiation and neovascularization are assessed using immunohistological and immunohistochemical analyses. Results: We have 
defined methods to create human sized in vivo implanted 3D tooth bud constructs that exhibit mineralized tissue formation of specified size 
and shape. Histological evaluations of paraffin embedded and serial sectioned 3D biomimetic tooth bud constructs showed dental cell 
differentiation marker expression and neovasculature formation. Conclusions: We have defined novel methods and approaches to create 
bioengineered tooth buds that form predictably sized and shaped mineralized dental tissues when implanted in vivo. We propose our 
biomimetic tooth bud constructs as useful models to study dental cell differentiation and mineralized dental tissue formation, and eventually as 
clinically relevant alternatives for tooth replacement in humans. 
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In dentistry, studies researching regenerative therapy to replace missing teeth have been performed. Functional bioengineered teeth have been 
produced by the organ germ method using mouse tooth germ cells. However, these bioengineered teeth were significantly small in size and 
had an abnormal crown shape when compared with natural teeth. The proper size and shape of teeth contribute to their normal function. 
Therefore, it is necessary to develop a method to control the bioengineered tooth morphology. In the present study, we investigated whether 
Insulin-like growth factor 1 (IGF1)  has potential to regulate the size and shape of bioengineered teeth and underlying mechanisms. 
     We transplanted bioengineered tooth germs, which were treated with IGF1 during organ culture, into the jawbones of living mice. The size 
and shape of the developed bioengineered teeth were then examined. We further analyzed the effects of IGF1 on enamel knot formation and 
dental epithelial and mesenchymal cells in vitro.
     IGF1 treatment significantly increased the size of bioengineered tooth germs with the normal tooth histology. The IGF1-treated 
bioengineered teeth, which were developed from bioengineered tooth germs in subrenal capsules and jawbones, showed the increase in not 
only size but also cusp number. Moreover, IGF1 increased the number of enamel knot marker, fibroblast growth factor (Fgf4)-expressing sites in 
bioengineered tooth germs, and enhanced the proliferation and differentiation of dental epithelial and mesenchymal cells.
     This study suggests a novel strategy for the morphological control of bioengineered teeth by the activation of signaling of IGF1.
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3D printing allows the fabrication of custom-made 3D structures via layer-by-layer polymeric deposition to mimic the native architecture of 
human tissues, and hence has been used widely for tissue engineering applications. However, recent clinical trials of 3D printed 
polycaprolactone (PCL) scaffolds in alveolar bone defects showed that synthetic polymers, such as PCL, lack the desired degradation 
properties1. In this context, we hypothesise that the use of a natural polymer like gelatin, combined with cell printing, will be an efficient 
scaffold system for alveolar bone regeneration. We successfully functionalised gelatin with a mathacrylic group (GelMa) and used it to print 
alveolar bone cells using a microextrusion based 3D printer. The extrusion properties of different concentrations of Gelma were studied using a 
rheometer. 3D printing parameters were optimized and a suitable Gelma concentration was selected for further studies. The 3D printed GelMa 
scaffolds were further photo crosslinked with the help of the photocrosslinkers 2-hydroxy-1-[4-(2-hydroxyethoxy)phenyl]-2-methyl-1-propanone 
(Irgacure 2959) and lithium acylphosphinate salt (LAP). It was confirmed that LAP achieved effective crosslinking at sufficiently low 
concentrations that minimised cytotoxicity.  Human primary alveolar osteoblast cells were printed and the cytotoxic effects of different 
parameters, such as concentration of photoinitiator, UV exposure time and inner diameter of the extrusion needle, were evaluated. The 
optimised parameters were used for cell printing, and cell growth in the scaffold was observed over 21 days using Live-Dead imaging. This 
study established a 3D bioprinting system which was optimised for the printing of primary human alveolar bone cells. 
 
 Reference:
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One of problem for dental implant is the lack of periodontal ligament (PDL), which can support teeth, prevent infection, and get the feeling 
such as chewiness. Our objective is to develop the tissue engineered periodontal tissue unit consisting of the mandible bone, PDL and artificial 
tooth. We prepared the mouse decellularized mandible bone (DMB) with PDL matrix and combined it with artificial tooth fabricated by 3D 
printer. When the DMB with PDL matrix was implanted under the rat renal capsule, the infiltrated cells oriented along the PDL collagen fibers. 
However the artificial tooth was not connected enough with PDL matrix. We tried to improve the surface modification of artificial tooth root. 
We here used PEEK as material for artificial tooth. The PEEK plates were graft polymerized using acrylic acid under several concentration. The 
graft polymerization was evaluated by staining. Then PAAc-PEEK plate were coated by HAp micro particles and performed crystal growth by 
immersion in Ca(NO3)2 and (NH4)2HPO4 aqueous solution. On the surface of PAAc-PEEK, needle-like HAp growing were observed under certain 
condition. Therefor needle-like HAp coated PEEK could be obtained. These results would indicate that surface modification on PEEK was 
achieved. It suggested the application possibility to the novel periodontal treatment using surface modified artificial tooth and DMB with PDL 
matrix.
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Objectives: The periodontal ligament (PDL) has systematical force-responses as the tooth-supportive structures to remodel, preserve, or 
maintain tissues with anchorages between mineralized tissues; cementum and alveolar bone. For tooth-supportive functions under occlusal/
masticatory loadings, controls of specific PDL orientations in micron-scaled interfaces are currently challenging in periodontal tissue 
engineering. Recently, we developed the 3-D PDL architectures, which can spatiotemporally organize fibrous tissues in 3-D printing system. 
 
 Methods: To investigate optimization of microgroove-patterns for PDL organizations, we focused on 1) additive manufacturing distance and 2) 
additive directions of computer-designed features for tissue orientations. After manufacturing molds, poly-ε-caprolactone was casted into 3-D 
printed molds and surfaces were analyzed for topological characteristics. After in-vitro human PDL cell cultures within scaffolds, statistical 
correlations were calculated with angulations which made by PDL architecture direction (reference) and cell alignments. Cell nuclei and actins 
in cytoskeletons were stained and angulations were measured. SEM was utilized for surface morphologies of cultured cells. In-vivo 
subcutaneous experiments for 4 weeks are performed to evaluate PDL cell/tissue alignments and tissue formations using 
immunohistochemistry.
 
 Results: Controllable microgroove patterns were generated on PDL scaffolds by the additive manufacturing method. In-vitro cell cultures, the 
25um microgroove-ridge-distant scaffolds provided more predictable cell alignments than different distances. Moreover, additive directions can 
significantly determine the spatiotemporal angulations of PDL constructs such as 0°, 45°, and 90° orientations to desired PDL architecture 
direction. In in-vivo experiment, fibrous connective tissues were spatially organized with specific angulations of 25um-microgroove patterns. 
 
 Discussion: The additive manufacturing can create various microgroove patterns on scaffold surfaces with consistence. 25μm microgroove 
patterns can organize fibrous tissue constructs with specific cell orientations in periodontal tissue engineering in in-vitro and in-vivo. The 3-D 
printing technique will facilitate PDL regeneration in PDL interfaces with the controls of oblique or perpendicular orientations to tooth-root 
surface.
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Periodontitis is an inflammatory disease worldwide that may result in periodontal defect and even tooth loss. Stem cell-based approach 
combined with the usage of injectable hydrogels has been proposed as a promising strategy in periodontal treatments. Hence, it is necessary 
to find an injectable hydrogel to deliver stem cells into the defects and serve as the extracellular matrix (ECM) mimic during healing. Stem cells 
fate is related with the ECM characteristics, closely depending on the ECM composition. Therefore, stem cell-ECM interaction should be 
studied to optimize the ECM composition for better stem cell transplantation. Here, we developed a bioprinting-assistant strategy to study 
stem cell-ECM interaction and thus screen an appropriate ECM composition for in vivo repair of periodontal defects. Periodontal ligament stem 
cells (PDLSCs) were encapsulated in injectable, photocrosslinkable composite hydrogels composed of gelatin methacrylate (GelMA) and 
poly(ethylene glycol) (PEG) dimethacrylate. PDLSC-laden GelMA/PEG hydrogels with varying composition were efficiently fabricated via a 3D 
bioprinting platform by controlling the volume ratio of GelMA-to-PEG. PDLSC behaviors, including cell viability, spreading and proliferation were 
studied by live/dead assay, phalloidin/DAPI fluorescence staining and CCK-8 assay, respectively. Osteogenic differentiation of PDLSC in GelMA/
PEG composite hydrogels with different volume ratios was characterized by ALP activity, osteogenic gene expression analysis and Alizarin red S 
staining. We found that PDLSC proliferation, spreading and even osteogenic differentiation increased with increasing volume ratio of GelMA-to-
PEG, and the optimized ECM (the 4/1 GelMA/PEG hydrogel) was screened. For the in vivo study, the robust and maximal new bone formation 
was found in the defects treated with the PDLSC-laden hydrogels compared to the hydrogels alone and the saline. This bioprinting-based 
strategy may be not only helpful for screening an appropriate ECM of PDLSCs and promoting repair of alveolar bone defect, but also fit for 
other cell−ECM screening studies and benefit of functional tissue regeneration.
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Objective: The objective of the study was to develop a new cultured cell sheet effective for periodontal tissue regeneration. Amniotic 
membrane (AM) is a biomaterial with anti-inflammatory and infection-control effects. Its utility and effectiveness as a culture substrate for 
various cells has attracted attention. We have prepared human periodontal ligament fibroblast (hPdLF) cell sheets cultured on AM substrate 
and demonstrated that they could regenerate new bones (periodontal tissue) when transplanted into an experimental animal. In addition, the 
production of chemokines SDF-1/CXCL12 and CXCL14 are promoted using an AM substrate for hPdLF cell culture. In the present study, the 
effects of AM on the production of hPdLF cell proliferation/differentiation-inducing factors were examined.
 Materials and Methods: The present study was conducted with the approval of the Medical Ethics Committee of our university 
(RBMR-C-1111-2). Human AM and hPdLF cells (Lonza) were used. HPdLF cells were cultured for three weeks on the AM with epithelial cells 
removed. RNA was extracted from the AM-cultured hPdLF cell sheet for global microarray analysis of the growth factor genes. In addition, the 
growth factors in the culture supernatant were immunologically analyzed. HPdLF alone was cultured as a control.
 Results: Microarray analysis revealed high expression levels of IGF-1 and VEGF-A genes in the AM-cultured hPdLF cell sheet, compared with 
the control group. Dkk-1 gene expression was decreased. IGF-1, VEGF-A, BNDF, and NGF in the culture supernatant were significantly 
increased, while Dkk-1 was significantly decreased.
 Discussion: The AM-cultured hPdLF cell sheet not only induced differentiation into bone tissue, but also promoted the production of growth 
factors and chemokines, and, therefore, should facilitate regeneration of the surrounding tissues by inducing migration and differentiation. The 
IGF-1 concentration in the supernatant of the cultured cell sheet was maintained for about three weeks, although it continuously decreased in 
the control group. Furthermore, the cultured cell sheet inhibited the production of Dkk-1, which inhibits the differentiation of mesenchymal 
stem cells into osteoblasts, potentially facilitating osteoblast differentiation.
 Conclusion: AM is a useful substrate for culturing hPdLF, and the AM-cultured hPdLF cell sheet may be effective for periodontal tissue 
regeneration.
 Acknowledgments: This work was supported by JSPS KAKENHI (No. 16K11695).
 

a91118

	 03-P475	 The development of 3d-printed strontium-doped calcium silicate scaffold for alveolar bone regeneration

Min-Jie Fang1，Ming-You Shie2,3，Chia-Tze Kao4,5

1Institute of Oral Science, Chung Shan Medical University, Taichung, Taiwan，2 3D Printing Medical Research Center, China Medical University Hospital, Taichung, Taiwan，3School of Dentistry, 
China Medical University, Taichung, Taiwan，4School of Dentistry, Chung Shan Medical University, Taichung City, Taiwan，5Department of Stomatology, Chung Shan Medical University Hospital, 
Taichung City, Taiwan

Periodontal disease is the most easily overlooked disease of oral cavity disease and often causes irreversible loss of periodontal tissue when it 
is found to have periodontal disease. Periodontal disease treatment can only remove the pathogen, can not make the periodontal tissue 
returned to its original state. There are two ways to treat defects in periodontal tissue, root-coverage surgery and guided bone regeneration 
and guided tissue regeneration. Root-coverage surgery can only be used in mild periodontal disease while severe periodontal disease is used 
to guide bone regeneration and guidance tissue regenerative surgery, but tissue growth is very slow, in order to accelerate the recovery of 
periodontal tissue, we use 3d printed scaffold to control the hole size and low material cost. There are many literatures shows that periodontal 
disease is closely related to osteoporosis. Therefore, we used a mixture of strontium and calcium silicate in this experiment because strontium 
and calcium have similar chemical properties, and strontium can enhance the osteogenic ability of osteoblasts, at the same time inhibit the 
differentiation of osteoclasts, but also can improve osteoporosis, and avoid cause the body’s allergic reaction. Calcium silicate shows good 
osteoconductivity and promotes the growth of vascularized bone and human dental pulp cells (hDPCs). In addition, soft tissues in oral cavity 
can affect the growth of dental pulp cells. We use hyaluronic acid mixed with methyl cellulose as a preventive measure to prevent the effects of 
gingival tissue alveolar bone growing film covered the top of scaffold. Observation of the above test data hope that the scaffold has sufficient 
mechanical strength, but also have batter bone regeneration to facilitate future clinical applications.
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Background: The alveolar bone is very important for tooth retention. However, periodontitis or trauma cause loss of the alveolar bone, which is 
not spontaneously regenerated. 
 Methods: We constructed BMP-2/7 heterodimer produced gene expression plasmid vector, pCAGGS-BMP-2/7. BMP-2/7 heterodimer could 
induce the ectopic bone formation more rapidly than BMP-2 or BMP-7 homodimer. We injected pCAGGS-BMP-2/7 into the periodontal tissues 
of the first molar in the maxilla of 9-week-old male Wistar rats and immediately electroporated in the condition of 50V., 50msec., 32 pulses. In 
the histological analyses, we obtained time course samples and conducted hematoxylin-eosin staining and immunohistochemical staining. To 
investigate the mineral apposition rate (MAR) of alveolar bone in the target site, we performed double bone staining using calcein and 
tetracycline.
 Results: Five days after the BMP-2/7 gene transfer, the new alveolar bones were formed in the target areas. MAR of the target areas were 
rapid than that of the control site.
 Conclusions: We constructed the animal model of the gene therapy for alveolar bone regeneration in rats. Therefore, it could be expected to 
be applied this system clinically.
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Introduction: At the present time, one of the major obstacles of biological tooth regeneration approaches is the inability to bioengineer full 
sized teeth. It has recently been shown that decellularized organ scaffolds can support the regeneration of full size organs, such as heart, 
bladder and lung. Our preliminary studies in a mini-pig jaw implant model showed guided dental tissue formation by dental cell-seeded 
decellularized porcine tooth bud scaffolds (dTB).
 Materials and Methods: Minipig jaw tooth bud constructs were prepared as follows.  Unerupted molar tooth buds (TB) were harvested from 
discarded 6 month-old pig jaws and decellularized by successive SDS/Triton-X cycles. Three types of replicate tooth implants (n=3) were 
prepared: 1) dTB seeded with three types of cells (Recell-dTB) including porcine dental epithelial (pDE) cells, human dental pulp (hDP) cells 
and human Umbilical Vein Endothelial Cells (HUVEC); 2) acellular dTB scaffolds alone; and 3) freshly isolated non-decellularized natural TB 
(nTB). Replicate implants were implanted in fresh tooth extraction sockets of adult (2Yr) Yucatan mini-pig hosts and grown for 2 or 4 months. 
Each animal received 2 implants in each hemi-mandible. For each time point, seven minipigs were used, including two empty socket controls.  
  Staged Xylene orange and calcein dye injections were performed to label newly formed calcified tissues. At harvest, mandibles were fixed in 
formalin via perfusion and examined using Micro-CT. Imaged mandibles were then either embedded in PMMA for hard tissue sectioning, or 
decalcified, embedded in paraffin, and sectioned for histological and immunohistochemical analyses.
 Results and Discussion: Preliminary Micro-CT results indicated the formation of tooth-like structures of comparable size to natural human teeth 
(Figure 1). Bright field imaging of sectioned mineralized PMMA embedded, and paraffin embedded and sectioned demineralized constructs 
both showed the formation of tooth-like structures predominantly in Recell-dTB.  Immunostaining was used to confirm mineralized dental tissue 
formation. 
 Conclusions: Our results demonstrate that dTB scaffolds may provide the potential for functional human whole tooth regeneration. 
 This research was supported by NIH/NIDC/NIBIB R01DE016132 (PCY), R01DE026731 (PCY), Osteoscience Foundation (PCY) and AFIRMII 
Award No.W81XWH-14-2-0004 CF-04 (PCY). 
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In this study, PRP was encapsulated in chitosan to form a nanosphere with size below 100 nm with an idea to prolong growth factors release. 
Chitosan nanosphere was prepared by ionic gelation method, while PRP was encapsulated by inclusion method. Results showed that PRP was 
encapsulated efficiently in the chitosan matrix with stable colloid, having average size of 51.27±33.75 nm; suitable for biomaterials used in 
body. The protein release assay showed an initial burst, followed by a steady-release, then “quasi-plateau” after 96 hours (at around 60%). The 
nanosphere also showed an excellent antibacterial activity against S.mutans (90.63% bacteria inhibition). The results showed that chitosan – 
PRP nanosphere could be used as a novel approach for complex wound healing and tissue regeneration following periodontitis treatment or 
tooth extraction.
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To date, dental pulp regeneration remains to be a major challenge in modern dentistry, which results in permanent tooth devitalization and 
then the consequent complication such as tooth fracture. This creates the needs for tissue engineered substitutes to facilitate the regeneration 
of damaged pulp tissues—which are mainly due to pathogen infection and the related sustained inflammatory response. Macrophage—the key 
player of the innate immune response—is activated by pathogens and then polarized towards its pro-inflammatory phenotype, which leads to a 
microenvironment unsuitable for dentin-genesis; while this polarization could be reversed by the cytokine interleukin 4 (IL-4) and therefore 
benefits the pulp tissue repair. The current study aims to develop the customized mesoporous silica nano particles (MSNs) to deliverer IL-4 in a 
controlled manner, effectively converts macrophages from the pro-inflammatory phenotype (M1) towards the tissue regenerative one (M2), 
therefore creates a beneficial microenvironment for pulp regeneration. Out results showed that MSNs facilitated the long-term controlled 
release of IL-4; the IL-4-loading MSNs (I-MSNs) effectively drove macrophages polarizing towards the M2 phenotype in infectious conditions. 
Moreover, the I-MSNs treated macrophage-derived secreted factors were found to improve the odontoblast differentiation of dental pulp 
stromal cells (DPSCs) in vitro, as shown in upregulated odontogenic markers such as dentin sialophosphoprotein (DSPP) and dentin matrix 
protein 1 (DMP-1); as well as induced mineral deposition. Therefore, our study provides a promising therapeutic approach for pulp tissue 
regeneration in endodontics.
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BACKGROUND: Bone grafts are often inserted into defect sites in the jaw to encourage bone formation prior to inserting periodontal implants. 
As bone is relatively slower growing than the surrounding gum tissue then a barrier membrane (BM) is often used to prevent soft tissue 
overgrowing the site on grafts where bone formation is required.  While collagen membranes are most commonly used they cannot preserve 
their physical barrier function for more than a month and with bovine collagen one needs always to consider the risk of disease transmission.
  
 AIM: Our aim was to develop a synthetic biodegradable BM that would act as a physical barrier for preventing epithelial invasion for up to 4 
weeks without limiting the diffusion of waste and nutrients, and which would guide bone formation by ingrowth into a highly porous and 
interconnected bone-like structure.
 
 EXPERIMENTAL: A pre-polymer of PCL was synthesized and methacrylated to obtain a photocurable polymer (PCLM). The first layer (L1) was 
produced by casting of PCLM polyHIPE under UV light. To produce a barrier layer to prevent soft tissue entry, we have previously reported a 
bilayer membrane consisting of nano and microfibres that can support both bone-forming cells and soft tissue without allowing intermingling of 
cells for several weeks (Puwanun et al. 2016). Accordingly to provide barrier function by preventing epithelial cell infiltration while allowing cell 
attachment and proliferation, we first electrospun PCL dissolved in 4 separate solvent compositions to find the best solute to manufacture 
random nanofibers for this second layer (L2). We compared fibre diameters and bead formation on SEM images. Fibroblasts and human 
embryonic stem cell-derived mesenchymal progenitors (hES-MPs)-capable of forming bone- were labelled with different fluorescent dyes and 
they were cultured over 4 weeks on L1 and L2 respectively. A resazurin reduction assay was performed for assessment of cell viability on each 
side. Fluorescent and histological images showed that fibroblasts were not able to penetrate into the L2, while L1 encouraged the penetration 
and ingrowth of hES-MPs.
 
 CONCLUSION: A bilayer membrane was successfully produced by combining PCLM polyHIPE and electrospun PCL nanofibers. This novel 
bioresorbable membrane has potential to be used in GTR applications by acting as a barrier for epithelial cells for up to 4 weeks while 
allowing bone cells to grow in the implant zone.
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Most time in dental implant surgeries, bone substitutes are needed and widely used for the successful outcomes. Regardless of many clinically 
available bone substitutes, the risk of inflammation cannot be avoided. This in-vitro study aimed to investigate the effect of Epigallocatechin 
gallate (EGCG) which can be derived from plants and is known to be effective on preventing or treating inflammation. Moreover, the effects of 
EGCG on differentiation of stem cells (human mesenchymal stem cells) were also studied as osteogenic differential environments are critical to 
satisfactory outcomes. 
 A commercially available bone substitute (BoneD bone-xp®, MedPark, Korea), derived from porcine spines, was used. For the initiation of 
inflammation LPS(100ng/ml) was used. Five groups were set: (1) cultured in basal media (G1), (2) cultured in osteogenic media (G2), (3) 
addition of LPS to group G2 (G3), (4) treated with EGCG in group G3 (G4), and (5) application of hydrostatic pressure (HP) to group G4 (G5). 
Cell viability was accessed by SEM and DNA assay. All the markers related to inflammation and osteogenic differentiation were measured by 
RT-PCR at day 6 and 8. ALP assay was also performed.
 All the groups showed good viability with no significant difference among them, which confirmed the harmless to the cells. The inflammation 
related makers were highly expressed at 6 hours after LPS was added. However, their expressions were remarkably decreased thereafter when 
EGCG was engaged. The osteogenic markers in group G4 were highly expressed than those in group G3, and even higher than those in group 
G2. However, the current study did not show positive effect of HP as only one pattern of HP was engaged. Through this in-vitro study combined 
with bone substitute, not just cell study, showed another potential of EGCG, osteogenic differentiation capability, in dental implant surgery. 
Further studies on long term, various patterns of HP and animal experiments are recommended. 
  
 Acknowledgments: This work was supported by the Technology development Program(S2474609) funded by the Ministry of SMEs and 
Startups(MSS, Korea) and by a grant of the Korea Health Technology R&D Project through the KHIDI (HI16C0362, the Ministry of Health & 
Welfare, ROK).
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Background: Cementogenesis, using human periodontal ligament stem cells (HPLSC) that have multilineage differentiation abilities, would be 
highly beneficial to periodontal tissue repair. Three-dimensional (3D) culture systems have been applied in regenerative medicine strategies 
because they provide a convenient in vitro model for cell-cell and cell-matrix interaction. In this study, we examined whether the cementogenic 
differentiation HPLSCs can be accelerated using 3D culture systems.
 Methods: Confluented HPLSCs were treated either with growth medium (GM; DMEM+10% FBS) , osteogenesis-induced media (OIM; GM 
containing ascorbic acid, glycerophosphate, and dexamethasone), or cementogenesis-induced media (PAI; OIM containing 100 ng/ml 
recombinant human plasminogen activator inhibitor-1[rhPAI-1]) for 7, 14, 21, and 28 days. HPLSCs cultured for 14 days, were formed into 
spheroids using the ultra-low binding plates with 10,000 cells per well. As a control, cells were plated as adherent monolayers. To enhance the 
cementogenesis of HPLSCs, we performed that HPLSC spheroids, treated either with GM, OIM, or PAI, were entrapped in collagen hydrogels for 
5 days. We examined that the effect of OIM and PAI on an induction of both osteogenesis and cementogenesis in HPLSCs via western blotting 
and immunocytochemical assays, and alkaline phosphatase (ALP) and alizarin red (AR) staining.
 Results: HPLSC spheroids treated with OIM and PAI showed increased expression of osteogenic factors (Runx2 and osterix), compared with 
monolayers cells treated with them. Both factors were localized immunocytochemically in the intranuclear portion. PAI induced unregulated 
expression of cementogenic factors, cementum protein 1 (CEMP1) and cementum attachment protein (CAP), in HPLSC spheroids. In contrast to 
cytoplasmic expression in monolayer cells, HPLSC spheroid-derived cells treated with PAI showed intranuclear expression of CEMP1. Intensity 
of ALP and AR staining was observed in HPLSC spheroid-derived cells treated with PAI, compared with monolayer cells. Furthermore, sections 
of collagen hydrogels containing HPLSC spheroid treated with PAI revealed a formation of cementum-like extracellular matrix, showing collagen 
type I and CEMP1 staining, and AR-positive mineralized structure.
 Conclusion: Our data show that HPLSC in 3D culture with the addition of PAI has the potential for the regenerative reconstruction of 
periodontal tissues.
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Introduction: 
  Bone replacement is a necessary steps for management of oral pathological and traumatic defects.The current study aims to investigate the 
osteogenic potential of human periodontal ligament stromal cells (hPDLSCs) for bone tissue regeneration in vitro.
  Methods: 
  Human periodontal ligament tissues were isolated from sound molar teeth obtained from Leeds Dental Research Tissue Bank.The presences 
of progenitor cells were confirmed using Colony Forming Unit- fibroblast (CFU-F) Assay. Cells from three different donors were cultured at a 
density of 100 cells/35 mm diameter petri dish in basal medium for ten days. Flow cytometry was used to measure the expression levels of 
mesenchymal stem cell markers (CD29, CD73 and STRO-1) and haematopoietic cells markers (CD34 and CD45). Osteogenic differentiation of 
hPDLCs was induced by culturing in StemMACS OsteoDiff Medium, with cells cultured in a basal medium were used as the control group. 
Alkaline phosphatase (ALP) activity of these cells was examined with ALP stain and activity assay. Immunocytochemical stains were used to 
examine the expression of osteogenic markers (collagen type-I, osteopontin, osteocalcin). Extracellular deposition of Calcium and phosphate 
was detected by Alizarin red and Von Kossa stains. 
  Results:
  The isolated hPDLCs demonstrated a fibroblast-like spindle shape with a prominent nucleus. Among the three donors, the CFU-F data 
illustrated that the percentage of colonies containing more than 50 cells each was 42.2 ± 12.6. this reflect the donor dependency donor 
dependent. Moreover, these cells expressed high levels of both CD29 and CD73 markers with a lower level of the STRO-1, while, 
haematopoietic markers were shown at lower levels. After 21 days of culturing in osteogenic differentiation medium, the cell morphology 
demonstrated more cuboidal-like shaped, with a large nucleus and numerous cytoplasmic processes. Furthermore, those cells showed a 
deeper ALP stain compared to control group. This result was confirmed by ALP assay. Immunocytochemical stains proved the presence of 
higher levels of bone-related proteins. Similarly, these cells demonstrated stronger red and black stains for Von Kossa and Alizarin red stains 
respectively.
  Conclusion: 
  Human periodontal ligament tissue contains mesenchymal stem cells that can differentiate into osteogenic lineage with the extracellular 
mineral deposition capacity. This indicates the potential of using hPDLCs for bone tissue regeneration.
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Introduction
 Bisphosphonate-related osteonecrosis of the jaw (BRONJ) is a disease found in patients taking bisphosphonates (BPs), a group of drugs widely 
used to treat osteoporosis and bone metastases. BRONJ often follows dental surgery, and presents as exposed, necrotic sections of the jaw 
where the overlying soft tissue fails to heal. This study aims to model the soft tissue effects of BRONJ in vitro using a 3D oral mucosa model. 
  
 Methods
 Human oral fibroblasts and keratinocytes were cultured onto de-epidermised dermis for 3 days before models were lifted to air liquid 
interface (ALI). Models were then cultured at ALI for up to 14 days to allow keratinocytes to form a stratified epithelium. Different wounding 
methods were tested to optimise the model. After growth at ALI, the models were dosed with pamidronic or zoledronic acid, two of the most 
commonly prescribed BPs worldwide. Resazurin assays were used to quantitatively assess the effects of wounding and BPs, with histology used 
for qualitative assessment of growth and healing. Cells were also seeded in 2D to further investigate BP effects.
  
 Results 
 Tissue comparable to native oral mucosa was cultured, with histology showing a stratified squamous epithelium. Wounding caused a drop in 
cell viability which was recovered over time. Biopsy punch wounds to the epithelium healed completely over 10 days. Cell viability was 
lowered in the presence of physiologically relevant concentrations of BPs in a dose dependent response, in both 2D and 3D. Assessment of the 
oral mucosa model’s response to wounding in the presence of BPs is ongoing.
  
 Discussion
 BRONJ is a complex condition, with several processes involved in its development. The bone must be exposed through the oral mucosa for a 
BRONJ diagnosis, and the impairment of soft tissue wound healing is thought to be instrumental, with the majority of BRONJ cases preceded 
by tooth extraction or other dental surgery. An in vitro model of the condition will allow for a much greater understanding of the disease and 
its pathophysiology, and present a method by which to study potential treatments.
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The development of three-dimensional tissue engineered gingival tissue with physiological phenotypic is critical to better understand the 
underlying mechanisms for gum disease, plaque progression, oral cancer, and gingivitis, amongst other oral diseases. Current gingival tissue 
engineering strategies are mainly based on planar, two-dimensional culture systems on a support membrane (i.e., collagen, polycarbonate) to 
grow immortalized cells into a stratified epithelium at air-liquid interface. Here, we developed a high-fidelity, 3D gingival tissue, based on a 
lyophilized silk protein sponge scaffolding, seeded with human primary gingival fibroblasts and keratinocytes for the development of a novel 
and human-relevant in vitro tissue system. The use of silk scaffolds provides biocompatibility, porous features for transport, robust mechanical 
properties, retention of size, shape and open porous structure for extended time frames in culture, and no chemical crosslinking is required to 
establish the stable matrix.  We demonstrated that the relevant 3D human cell-based in vitro gingival tissue model showed physiological tissue 
organization and cellular composition, as well as differentiated epithelium organization, based on trans epithelium resistance and markers of 
differentiation. In addition, the design of a physiologically relevant gingival pocket allows the formation of an anaerobic area deep in the sulcus 
to foster the proliferation of oral pathogens. The sustainability of such cultures (for at least 6 weeks) should support future studies of long term 
chronic infections. This tissue model should provide new information on how bacteria aggregate in association with living tissues, as well as on 
the growth of the organisms and the onset of virulence. 
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Introduction: In a previous study, we successfully prepared fluorinated porcine hydroxyapatite (FPHA) by immersing porcine hydroxyapatite 
(PHA) in an aqueous solution of 0.25 M sodium fluoride (NaF) under thermal treatment, and the resulting FPHA showed better physicochemical 
and biological properties than PHA. The purpose of this study was to further investigate how fluorine incorporation influenced the 
biocompatibility and osteogenic capacity of PHA.
 Materials and methods: The concentrations of Ca, P, F, and Mg ions in PHA and FPHA extracts were detected by ICP-OES. Rat bone marrow 
stromal cells (rBMSCs) were treated with PHA and FPHA extracts, and the effects of these extracts on cell proliferation and osteoblastic 
differentiation were evaluated via CCK-8 assay, alkaline phosphatase assay, and RT-qPCR. For the in vivo assessment, PHA and FPHA were 
implanted into subcutaneous pockets (n = 6) and rat calvarial defects (diameter = 5 mm, n = 14) for 12 weeks to determine their 
biocompatibility and osteogenic capacity using micro-CT and histological analysis.
 Results: FPHA extracts, which release higher concentrations of F and Mg ions, better promoted the osteoblastic differentiation of rBMSCs in 
vitro. The result of biocompatibility evaluation confirmed the host response and chronic inflammation cells infiltration degree around PHA and 
FPHA granules were similar. Micro-CT and histological analysis showed more new mineralized bone formation in rats with FPHA-treated defects 
than in rats with PHA-treated defects.
 Conclusion: The results of in vitro and in vivo tests consistently indicate that fluorine incorporation effectively enhanced the osteogenic 
capacity of PHA.
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Gelatin hydrogels have been demonstrated to effectively achieve the regeneration repairing of various tissues by basic fibroblast growth factor 
(bFGF). This paper reports a clinical study of periodontal regeneration therapy by utilizing the gelatin hydrogels incorporating bFGF. bFGF is 
released from the gelatin hydrogels incorporating bFGF for 2 weeks through the water-solubilization of gelatin by the enzymatic degradation of 
hydrogels in vivo. A film of gelatin hydrogel incorporating bFGF( 0.3% averagel00ug ) was applied to the alveolar bone defect of 5 patients with 
periodontal diseases without any additional treatments. The X-ray examinations 6 months after the operation revealed that an attachment gain 
of 3 mm in the periodontal pockets was defected for 3 patients while their pathological motion of tooth treated disappeared. The patients 
showed the regeneration of alveolar bones clinically acceptable and the regeneration of healthy and thick gingiva was observed in 2 cases 
among them. For all 5 patients, no adverse effects were detected while their periodontal inflammation was clearly relieved. lt is concluded that 
the gelatin hydrogel incorporating bFGF was a promising therapeutic method to induce the regeneration repairing of periodontal tissues 
damaged.
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Ureteral stents are routinely used in daily urological practice and it is widely recognized that can produce significant symptoms like infection, 
encrustation, patient discomfort. Several biodegradable stents have been reported but all of them have failed. The main challenge remains to 
have a homogenous degradation preventing the formation of fragments that can cause obstruction. We recently described a biodegradable 
ureteral stent (BUS) produced with natural-based polymers. In the present study, we assessed in-vivo (porcine model) this newly developed 
BUS, by comparing its degradation mechanical properties drainage physiological and histological features with those of a commercially 
available ureteral stent. To perform an in-vivo assessment of a newly developed BUS produced with natural based polymers. The BUS is based 
on a patented technology combining the injection process with the use of supercritical fluid technology. The study was conducted with a total 
of 10 domestic pigs were used. In 7 animals the experimental BUS stent was inserted, whereas in the remaining a commercially available stent 
was used. Post-stenting intravenous pyelogram was used to evaluate the degree of hydronephrosis. The in-vivo stent degradation was 
measured as a function of the weight loss. Moreover, the tensile properties of the BUS were tested during in vivo degradation. After maximum 
10 days, animals were sacrificed and necropsy was performed. Tissues were compared between the stented groups as well as between the 
non-stented contralateral ureters and stented ureters in each group. Biocompatibility was assessed by histopathological grading. In all cases, 
the BUS was only visible during the first 24 hours on X-ray, and in all cases, the BUS was completely degraded in urine after 10 days, as 
confirmed on necropsy. During the degradation process, the mechanical properties of the BUS decreased, while the commercial ureteral stents 
remained constant. At all time-points after stent insertion, the level of hydronephrosis was minimal. Overall, animals stented with BUS had an 
average grade of hydronephrosis which was lower compared to the controls. The BUS showed better pathological conditions, and hence 
better biocompatibility when compared with commercial stents. Notwithstanding the limitations of the present study, the in vivo testing of our 
novel natural origin polymer-based BUS suggests this device to feature homogeneous degradation, good urine drainage, and high 
biocompatibility
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The TGFβ superfamily plays an important role during tooth development, with TGFβ1 and TGFβ3 regulating odontoblast differentiation and 
dentin extracellular matrix synthesis. However, the expression of TGFβ family member ligands is well-characterized during mammalian tooth 
development, less is known about the functions of TGFβ3 receptor, a heteromeric complex consisting of a type I and type II receptor. As a key 
member of the TGFβ superfamily, the molecular mechanism of ALK5 (also named TGFBR1) in the dental mesenchyme is not clear. In the 
present study, we investigated the role of ALK5 in dental mesenchymal cells from the lower first molar tooth germs of E15.5/16.5 mice. Human 
recombinant TGFβ3 protein or an ALK5 inhibitor (SD208) was exogenously added to the cells. Cell proliferation was inhibited by SD208 and 
promoted by TGFβ3 protein. Next, we found that SD208 inhibited osteo/dentinogenesis of the cells. Both canonical and non-canonical TGFβ 
signaling pathways took part in the process, with TAK1, P-TAK1, p38, and P-p38 expressed at higher levels and SMAD4 at lower levels when 
ALK5 was inhibited. In addition, Sonic hedgehog (SHH) signal, another important pathway during tooth development, may be downstream of 
TGFβ signaling. These results provide insights into the role of TGFβ signaling in the differentiation of mesenchymal stem cells derived from 
dental germ and suggest possible targets for optimizing the use of stem cells of dental origin for tissue regeneration.



808

a93240

	 03-P492	 Angiogenic and neurotrophic effects of human bone marrow mesenchymal stem cell derived conditioned medium 
for erectile dysfunction 

Seulgi Kim1，Kyungha Kim1，KyungHyun Moon2，Hyun-Wook Kang1

1Department of life science, Ulsan National Institute of Science and Technology, Ulsan, South Korea，2Department of Urology, Ulsan University Hospital, University of Ulsan College of Medicine

The development of erectile dysfunction (ED) is caused by multiple factors including endothelial dysfunction and nerve damage. Therefore, two 
strategies for angiogenesis and neural regeneration should be considered to handle the disease at the same time. Here, we investigated a 
therapeutic effect of conditioned medium (CM) for ED, which was harvested from human bone marrow-derived mesenchymal stem cells (hBM-
MSCs). Parameter studies considering culture condition, incubation and centrifugation times were conducted to improve protocols for CM 
harvesting. The harvested cytokines were quantified through cytokine and enzyme linked immunosorbent assay. Then tube formation and 
neurite outgrowth assay were conducted with endothelial cell (EC) and mouse primary neuron to investigate its functionality. The results 
revealed that hBM-MSCs cultured in three dimensional (3D) culture secreted a higher amount of proteins in comparison with monolayer 
culture. The concentration of cytokines in CM was linearly increased with the centrifugation time. Factors such as angiogenin, vascular 
endothelial growth factor (VEGF), glial cell-derived neurotrophic factor (GDNF), nerve growth factor (NGF), and brain-derived neurotrophic 
factor (BDNF) which affect angiogenesis and neural regeneration were also identified through the assay. In addition, the functionality test 
showed that CM treatment enhanced not only EC viability but also the formation of tubes, nodes and meshes. And the CM also improved 
neurotrophic effects in differentiation. These results demonstrated that CM had angiogenic and neurotrophic factors in concentration-
dependent manner. CM is expected to be one of promising methods as regenerative medicine to handle ED disease.
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Kidney ischemia-reperfusion (IR) through laparotomy is a conventional method for kidney surgery in a mouse model. However, IR causes serious 
acute and chronic renal injury through apoptotic and inflammatory pathway, and laparotomy is an invasive procedure. To avoid these adverse 
responses, a non-IR and dorsal slit approach was designed for kidney surgery. The effects of this method for renal treatment were verified with 
animal viability, renal function, apoptosis, inflammation, fibrosis, renal regeneration and systemic response using histology, 
immunohistochemistry, real-time PCR, serum chemistry, TUNEL staining and Masson’s trichrome staining. The non-IR/dorsal group showed 
100% viability with mild BUN and serum creatinine values at day 1 after surgery, while, the IR/ventral group showed 20% viability and lethal 
functional abnormality. Histologically, renal tubule epithelial cells’ injury was considerably emerged at day 1 in the IR/ventral group, and cellular 
apoptosis enhanced TUNEL-positive cell number, Fas/Caspase-3 and KIM-1/NGAL expression. Inflammation and fibrosis were serious in IR/
ventral group with enhanced CD4/CD8 positive T cell infiltration, inflammatory cytokines secretion, and Masson's trichrome stain positive cell 
numbers. The non-IR/dorsal group showed a suitable microenvironment for renal regeneration presenting enhanced host cells migration, 
reduced immune cells influx, and increased renal differentiation genes and anti-inflammatory cytokines expression. The local renal IR influenced 
distal organs’ apoptosis and inflammation through release circulating pro-inflammatory cytokines. Thus, the non-ischemia-reperfusion and 
dorsal slit method for kidney surgery in a mouse model can be an alternative surgical approach to researchers who do not want adverse 
reactions such as apoptosis, inflammation, fibrosis, functional impairment and systemic reactions. (2014M3A9D3034164), 
(2015R1C1A1A01053509) (2016R1C1B1011180), (2015R1D1A3A03020378), (R0005886).
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	 03-P494	 STEM CELL-ENRICHED COLLAGEN SCAFFOLD PROMOTES SMOOTH MUSCLE REGENERATION, VASCULARIZATION 
AND INNERVATION IN RAT BLADDERS AFTER PARTIAL DETRUSORECTOMY 

Jakub Smolar1，Maya Horst2，Daniel Eberli1
1Department of Urology, University Hospital Zurich, Zurich, Switzerland，2Department of Urology, University Children's Hospital Zurich, Zurich, Switzerland

PURPOUSE
 The use of intestinal tissue as a gold standard for bladder repair in children and adults suffering from an end-stage bladder disease is 
associated with significant long-term complications. Therefore, there is a strong clinical need for alternative sources of stable and reliable 
bladder tissue. Our study aims to bioengineer functional detrusor muscle using cells in hydrogel scaffolds.
 
 METHODS
 Polyethylene glycol (PEG) and compressed collagen (CC) scaffolds were seeded with primary bladder smooth muscle cells (SMC) and pre-
differentiated smooth muscle-like adipose-derived stem cells (pADSC) in various ratios (1:1, 1:2, 1:3 of SMC:pADSC). Their viability, phenotype 
and morphology were assessed over three weeks of culture.
 After defining the best performing cell ratio (1:1), the hydrogel scaffolds were either left unseeded or pre-seeded with the SMC:pADSC co-
culture and implantated into rat bladders after partial detrusorectomy. Untreated detrusorectomized rats were used as controls. Bladders were 
harvested after four weeks, embedded in paraffin, sliced and analyzed for tissue morphology, cell phenotype, vascularization and innervation.
 
 RESULTS
 Cells in both scaffolds exhibited native SMC-like morphology, high viability and strong SMC marker expression. Cells grown in PEG formed 
organoid structures already after one week that became macroscopically visible after three weeks of culture. Contrary, cells cultured in CC 
formed well-distributed and oriented layers and networks throughout the hydrogel. Functionality of the cells grown in CC scaffolds was 
confirmed. Two-week timepoint was chosen for scaffold implantation into the partially detrusorectomized rats.
 Morphologic analysis of the bladder wall after detrusorectomy showed a successful detrusor removal, an intact urothelium and a remaining, 
vascularized lamina propria. The defect was then covered with the PEG or CC scaffold. After four weeks PEG+cells was mostly degraded while 
PEG-cells was encapsulated. Strong inflammation, but no muscle regeneration was detected. Contrary, CC ± cells did not cause any 
inflammation and fully integrated into the bladder wall with CC+cells exhibiting well distributed vascularization, smooth muscle formation and 
neuronal ingrowth.
 
 CONCLUSION
 We have shown that CC seeded with SMC-pADSC co-culture in a 1:1 ratio is a promising scaffold for functional detrusor bioengineering and 
see this as a first step for future clinical detrusor repair and whole bladder wall reconstruction.
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Bladder urothelium plays a critical role as a permeability barrier to urine. Recently the study of bladder permeability barrier (BPB) has attracted 
great deal of attention, and different methods have been developed. Whilst tight urothelial barrier is critical to normal bladder function and 
metabolic homeostasis, functional intravesicular drug delivery (IDD) systems for treating genitourinary conditions such as bladder cancer rely on 
increased  bladder  permeability  to  allow  drugs  cross  the barrier of urothelium. With regard to importance of precise quantification of BPB 
we have developed a system to study permeability of bladder urothelium in an in-vitro urothelium.
   
 To build up the multilayered urothelium in vitro, we seeded porcine minced urothelium onto a hybrid scaffold of weft-knitted silk fibroin (SF)-
compressed  collagen .  In brief SF knitted fabric was placed into circular shaped molds, was covered by a collagen hydrogel, and incubated 
for 10 min to undergo collagen hydrogel gelation. Then minced mucosa of porcine bladder was seeded on top, and the whole construct 
underwent plastic compression (PC), and was incubated for 6 weeks in vitro until a multilayered urothelium covered the scaffold. Permeability 
studies were performed using a home-made  device.  The  urothelium  model  (the seeded scaffold) was in contact with synthetic urine (with 
added Selenium) on one side, and synthetic urine (without Selenium) on the other side. After 1 hour, the precise amount of Se passed was 
measured using Inductively Coupled Plasma Mass Spectrometry (ICPMS). We used porcine bladder (within 6 hours from slaughter) as control 
and applied different concentrations of Selenium salt in urine solutions (around 12 µg/L to 14 mg/L) to study the effect of selenium salt 
concentration onto permeability of the urothelium. We observed similar permeability for porcine bladder wall (11%) and our in-vitro urothelium 
model (12%) based on weight percentage of passed Se (innitial Se concentration:12 µg/L ). Moreover, increasing the initial concentration of Se 
salt in synthetic urine solution decreased the relative permeability of the urothelium layer so that it reached around 1.5% (initial Se salt 
concentration of 14 mg/L). 
  
 The method introduced here can be applied for both tissue regeneration studies, and optimizations in drug delivery (IDD) systems. 
 
 Acknowledgment: Grants from Danish Research Council Foundation (4093-00282A, and 4217-00048A) supported this research.
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	 03-P496	 The composition of GMP-compliant expansion medium regulates the expression levels of CD146 and SUSD2 and 
the differentiation capacity of human placenta-derived mesenchymal stromal cells in vitro

Wilhelm K Aicher，Tanja Abruzzese，Frederik Peißert，Hannah D.E. Graf，Miriam Rupprecht
Dept. of Urology, University of Tuebingen Hospital, Tuebingen, Germany

Human placenta-derived mesenchymal stromal cells (MSCs) are investigated in vitro and in preclinical in vivo models manifold to serve as 
cellular therapy in different clinical situations such as regeneration of muscular tissues eventually. For production of MSCs in vitro standard 
media often include fetal bovine serum (FBS) as source of growth factors. For use of MSCs in a real clinical situation xenogenic components 
such as FBS must be avoided in many countries. Therefore, xeno-free MSC expansion media were developed and FBS was replaced e.g. by 
human serum (hS), human plasma (hP) and/or platelet lysate (hPL). However, differences in these medium complements could influence the 
phenotype and characteristics of MSCs. We therefore compared the expression of cell surface markers, the differentiation capacity and the 
expression of key cytokines involved in muscular regeneration in MSCs expanded in different xeno-free and GMP-compliant expansion media.
 We report that addition of 5% hPL to either commercial MSC expansion medium (medium with FBS) or to GMP-compliant MSC expansion 
medium (DMEM + 5% hS + 5% hPL) significantly increased the MSC proliferation (p<0.05), and reduced the expression of CD146 (p<0.05), 
whereas CD73 and CD90 and other markers remained unchanged, on both transcript and protein levels. Expression of stem cell marker SUSD2 
was not significantly regulated by hPL. The osteogenic differentiation capacity was reduced in MSCs expanded in DMEM medium 
complemented with 5% hP + 5% hPL in comparison to the same cells expanded in medium complemented with FBS without hPL, but not in 
DMEM + hS compared to DMEM+ hS + hPL. Significant changes in the expression of neuro- or myo-regenerative cytokines including BDNF, 
bFGF, GDNF, HGF, IGF-1, IGF-2, TGFß, or VEGF in MSCs was not influenced by the composition of the GMP-compliant expansion media. 
However, some interindividual differences between MSCs from individual donors and between batches of hPL were noted. We conclude that 
the expression of CD146 and the osteogenic differentiation potential of human term placenta-derived MSCs is influenced by the expansion 
medium. The expression of the regenerative cytokines investigated was not biased by hPL in the expansion medium. Expansion of MSCs in 
GMP-compliant medium enriched by hP + hPL could therefore be an advantage when bone formation by the MSCs applied should be avoided 
in clinical situations.
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The urethral stricture, which develops due to scarring process, is treated by urethral dilation and urethrotomy; but in complex and long urethral 
strictures, substitution urethroplasty is the only option. Autologous genital skin and buccal mucosa grafts are currently used in urethral 
reconstruction; however risk of complications such as hair ingrowth in the urethra, stone formation and donor site morbidity, restrict the 
application of these grafts. Therefore, an alternative to these grafts is required. The project aims to construct a full thickness, human urethra 
consisting urothelium, submucosa and smooth muscle layers from adipose derived stem cells (ASCs). ASCs were isolated from human adipose 
tissue and were cultured in growth media containing ascorbic acid to stimulate extra cellular matrix secretion and production of self-assembled 
scaffold (cell sheet/submucosa layer). To obtain a thick cell sheet, the effect of cell seeding density, O2 level concentration, and ascorbic acid 
concentration were examined under static and dynamic culture conditions. As a control, cell sheet produced from human dermal fibroblast 
(DFs) was produced alongside. The cell sheet was stained with collagen type I antibody and the thickness was measured under a confocal 
microscope with image analysis software. Our results showed that in a static culture condition and with a seeding density of 1.5 x 104 cells/
cm2 , ASCs under hypoxic (1% O2) condition, produced thicker cell sheet (22.50±3.90 um) compared with those under normoxic (21% O2) 
condition (18.86 ± 1.68 um). Similarly, at a higher cell seeding density (3.0 x 104 cells/cm2), cell sheet was thicker for ASCs under hypoxic 
(23.00±1.20 um) and compared with normoxic (17.26±3.34 um). However, thickness of cell sheet produced at 1.5 x104 and 3.0 x 104 cells/
cm2 under hypoxic condition were not statistically significant (p <0.05). This showed that altering the oxygen level but not the seeding density, 
during ASCs culture affects the resulted cell sheet thickness. Comparatively, decreasing oxygen level and increasing cell seeding density 
increase cell sheet thickness produced by DFs. In conclusion, ASCs cultured in hypoxic condition with 1.5 x 104 cells/cm2 of cell seeding 
density resulted in the best of cell sheet in term of thickness. 
 The authors declare that there is no conflict of interests regarding this work.
 This work was supported by the grants from University Kebangsaan Malaysia, (GUP-2017-092) and (FF-2017-227).
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 Recent advances in cell-based therapies have provided a variety of opportunities to seek alternative solutions to restore damaged sphincter 
function in patients with urinary incontinence. Various pre-clinical studies have shown promising results towards successful skeletal muscle 
regeneration using autologous injection of patients muscle progenitor cells (MPCs). During the production of MPCs a tightly regulated network 
ensures highest product quality (good manufacturing practice, GMP) to rule out any chance of contamination. 
 Especially in the interface, where GMP regulations meet the clinics, challenges may arise while implementing the MPC therapy and turn into 
bottlenecks for the clinical application. 
 
 For the first time, we will combine autologous cell injection of MPCs with early neuro-muscular electromagnetic stimulation in patients 
suffering from stress urinary incontinence and evaluate the efficiency of muscle regeneration. Within the setup of the GMP-compliant 
production, the transport of the biopsy material and the final product became the interface of the GMP and good clinical practice regulatory 
network and rose several specific questions. 
 
 During the transport, responsibilities between both parties become unclear and a well-developed scheme has to identify accountabilities. The 
release of the final product has to meet certain release criteria, especially with regards to the use of collagen from animal origin. But, the 
release of the production documents of the final product can take days which collides with the shelf life of the final product. To prevent 
premature formation of gels of the collagen, constant cooling needs to be provided. However, cooling tools have to be validated; same as all 
other machines and materials involved in the production of MPCs. Temperature loggers whose data need to meet a pre-defined range tightly 
control this transport under constant cooling.
 Hence, to solve all related questions regarding the transport, a complex network of documentations and responsibilities is built which is the 
key stone for a smooth and compliant trial conduct.
 
 A careful navigation through already established regulations is necessary to lead this complex project for the application of MPCs as a novel 
cell-based therapy. All involved parties have different primary goals which need to be taken into consideration while being compliant with the 
regulatory network on the way to the common goal: The improvement of the Quality of life of the patients.

a91528

	 03-P497	 Functional nephron progenitors from pluripotent cells: Transition from transient phase to long-term in vitro 
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Nephron progenitor cells (NPCs), the precursors of nephrons, can be generated from pluripotent stem cells. In conventional renal differentiation 
protocols, formation of nephron progenitors is a transient phase of differentiation and hence these cells cannot be maintained in progenitor 
state in culture. In this study, we established protocols for two-dimensional expansion of NPCs derived from human embryonic stem cells and 
induced pluripotent stem cells. After 15-fold expansion, NPCs retained the expression of NPC specific markers SIX2, CITED1, SALL1, as 
confirmed by immunocytochemistry.  Further we showed that NPCs after cryopreservation can be culture expanded and retain the expression 
of NPC specific markers. Both culture expanded and cryopreserved NPCs are capable of nephrogenesis in organotypic cultures. Long-term 
expansion of NPCs will provide a platform to get sufficient number of cells for kidney regeneration, drug screening and disease modeling of 
kidney disorders.
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Background: Urethral stricture is characterized by a narrowing of the urethra with formation of scar tissue, and few anti-fibrotic agents have 
been used to prevent urethral stricture formation after urethral injury. Insulin-like growth factor-1 (IGF-1) has emerged as an anti-fibrotic agent 
and we evaluated the effect of topical IGF-1 sustained release on urethral wound healing after urethral injury.
 Methods: We made urethral catheters coated either with IGF-1 impregnated collagen hydrogel or with only collagen hydrogel. A total of 31 
male Japanese white rabbits (2.5 to 3.0 kg) were divided into 3 groups after their urethras were injured by electrocoaglation using spherical 
monopolar electrocautery. Group 1 (n = 5, control group) received no additional treatment after urethral injury. Group 2 (n = 6, collagen 
hydrogel group) had a urethral catheter coated with only collagen hydrogel inserted immediately after urethral injury. Group 3 (n = 10, IGF-
group) had a urethral catheter coated with IGF-1 impregnated collagen hydrogel inserted immediately after urethral injury. Fourteen days after 
urethral injury, retrograde urethrography and urethroscopy (diameter 2.7 mm) were performed to evaluate the injured urethra, and the injured 
segments were also histologically evaluated. In addition, the sustained release of indocyanine green labeled IGF-1 from collagen hydrogel was 
evaluated by in vivo fluorescence imaging.
 Results: The mean urethral diameter on urethrography in group 3 (5.6 mm) was the largest among the three groups (1.9 mm in group 1 and 
4.1 mm in group 2, p < 0.01). The ratio of urethral lumen in injured urethra to that in normal urethra in group 3 (56.0%) was the largest among 
the 3 groups (21.0 % in group 1 and 37.6 % in group 2, p < 0.01). Nine of 10 (90.0%) had a urethral lumen large enough for passage of a 
urethroscope, which is higher than the fraction in the other groups (1 of 5, 20.0%, in group 1 and 4 of 6, 66.7%, in group 2). The mean injured 
area not covered with urethral epithelium in group 3 (9.45 mm2) was the smallest among the three groups (36.26 mm2 in group 1 and 26.24 
mm2 in group 2, p < 0.05). The sustained release of IGF-1 from collagen hydrogel was observed for a week. 
 Conclusions: Topical IGF-1 sustained release with collagen hydrogel significantly improved urethral wound healing and prevented urethral 
narrowing. Thus it might be useful in the prevention of urethral stricture after internal urethrotomy or urethral dilation.
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PURPOSE
 Patients suffering from an end-stage bladder disease often exhibit fibrotic detrusor muscle tissue that rarely offers a high number of healthy, 
viable smooth muscle cells (SMC) for therapeutic applications. Hence, in order to develop a functional detrusor muscle, we decided to replace 
a part of the SMC used for its future reconstruction with the highly abundant adipose-derived stem cells (ADSC) and determine their optimal, 
clinically relevant ratio.
 
 METHODS
 Primary bladder SMC and ADSC were isolated from female Lewis rats and characterized. ADSC were pre-differentiated into SMC-like cells 
(pADSC) and co-cultured with SMC in various ratios (3:1, 1:1, 1:3, 1:5 of SMC:pADSC). Morphologic, phenotypic, proliferative and functional 
differences between the various cell ratios were assessed. After defining the best performing ratio (1:1) a proteomic analysis of the secretome 
and the cell pellets of a directly mixed co-culture vs co-culture using transwell inserts vs the monoculture controls was performed.
 
 RESULTS
 We observed significant, ratio-dependent morphological changes, with the 1:1 cell ratio generating a the highest number of organoids after 2 
weeks and the largest organoids after three weeks compared to other cell ratios and the monocultures. Further, the 1:1 cell ratio exhibited a 
particularly similar phenotype to the SMC controls that almost reached the SMC-marker expression levels later during cultivation. Moreover, 
the 1:1 cell ratio showed a most consistent increase in cell proliferation and functionality over time compared to all other conditions. Transwell 
experiments indicated the involvement of paracrine signaling in these processes.
 Proteomic analysis showed an increased presence of angiogenin and VEGF-A, as well as neudesin neurotrophic factor and glia maturation 
factor-β in the 1:1 co-culture compared to the SMC monoculture. Further, connective tissue growth factor, SDF-1 and TGF-β1, 2 and 3 were 
also increased. ECM proteins, such as collagen type I, II, III, V and XI and integrins important in cell-cell and cell-ECM interaction were also 
elevated in the 1:1 co-culture.
 
 CONCLUSION
 We have shown that a SMC–pADSC co-culture in a 1:1 ratio increases cell proliferation, organoid formation and leads to the expression of 
various factors important in tissue regeneration, while retaining a strong, functional SMC phenotype. We envision this cell combination to help 
us engineer a stable, functional detrusor muscle for future clinical applications.
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Hyaluronan (HA) is the important component of ECM, electrospinning scaffold has the similar bionic characteristic with autologous ECM. 
However fabrication of pure HA electrospinning scaffold is difficult. This study reports the fabrication of hyaluronan- (HA) coating biomimetic 
nanofibrous scaffolds via coxial electrospinning of Poly(l-lactide)/Poly(e-caprolactone) (PLCL) and HA in modulating proliferation and 
immigration of smooth muscle cells (SMCs) for bladder regeneration. Highly uniform HA/PLLA nanofibers with core-shell structure was verified 
by SEM and TEM. HA-PLCL electrospinning were composed of randomly-oriented nanofibers and had a 3D porous network structure. 
Formation of the HA-coating layer atop each PLCL nanofiber surface endowed the nano-fibrous mats with increased anisotropic wettability and 
welling. The HA/PLCL nanofibers significantly promoted SMCs to proliferate and immigrate in vitro. 4 or 8 weeks of in vivo implantation in rat 
bladder augmentation showed that bladder wall made of dome HA/PLLA nanofibers mesh could integrated with the host tissue and supported 
de novo formation of smooth muscle layers with contractile protein expression a-smooth muscle actin (a- SMA). In addition, bladder capacity 
was significant augments improved by HA/PLCL nanofibers mesh. 
 This study demonstrated that the bilayer HA/PLCL scaffold may be a promising scaffold with good biocompatibility for for engineering of 
bladder.
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Pelvic organ prolapse (POP) is a highly prevalent disease, occurring in up to 50% of women above the age of 50, and with a lifetime need for 
intervention approaching 20%1. Considering the limitations in conventional approaches and materials (poor biocompatibility, low mechanical 
properties, and high risk of infection), the development of an implant that can address the current challenges is of paramount importance2. 
 This work aimed to develop a biodegradable mesh that, by mimicking the three-dimensional (3D) architecture of the pelvic floor, can provide 
better biomechanical integration into the host tissue, promote its repair, and exert an antibacterial action in-site. Polycaprolactone (PCL) 
meshes were produced by electrospinning, with fibre diameter in the range 0.7-0.9µm (by Scanning Electron Microscopy, SEM). The meshes 
were aminolysed to obtain a positive charge on the surface by –NH2–grafting. Subsequently, a layer-by-layer (LbL) assembly was applied to 
obtain a multilayered electrostatic nanocoating (18 nanolayers), consisting of honey as polyanion and poly-(allylamine hydrochloride) (PAH) as 
polycation. SEM analysis, infrared (FTIR/ATR) and X-Ray photoelectron spectroscopy (XPS) demonstrated the successful functionalisation at the 
nanoscale. In particular, SEM showed rougher fibre surface compared to unfunctionalised meshes, revealing the formation of a regular 
nanocoating, while FTIR-ATR showed the typical bands and peaks of the polyelectrolytes. XPS analysis on un-coated samples showed three 
peaks equivalent to the different carbon oxidation states ( − C − H- or − C − C − bonds, − C − O-bond and -N-C=O bond). For the coated 
samples, the atomic concentration of C−C bonds increased whereas the C−O bond one decreased.
 The biocompatibility of the electrospun functionalised meshes was assessed in terms of adhesion and 7 days proliferation of human 
endometrial stromal (ThESC) cells, showing cytoskeletal organization and viability. 
 Considered together, the results of this work are of interest for pelvic floor repair, since they demonstrate the possibility to successfully 
produce novel bioartificial surgical meshes as potential treatments for POP.
  
 References: 1. Fialkow et al., Intl Urog Journal, 19(3):437, 2008; 2. Gigliobianco et al., BioMed Res Int, paper ID 968087, 2015.
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Introduction: Injection of mesenchymal stem cells (MSCs) into corpora cavernosa have been used for the regeneration of the damaged 
cavernosa in the cavernous nerve (CN) injured rat model. However, it is not sure that transplanted MSCs around injured CN can enhance 
regeneration of injured CN. Electrospun nanofibrous meshes show morphologies resembling natural extracellular matrices and show the up-
regulation of myelination markers and the axonal outgrowth of peripheral neurons. This study was performed to examine the differentiation of 
transplanted MSCs into neuron-like cells and synergy of nanofibrous meshes with MSCs after transplantation around the injured CN of rats. 
 Materials and Methods: The synthesized polymer was electrospun in a rotating drum to prepare nanofibrous meshes. Human MSCs were 
prepared and confirmed. Eight week old male Sprague-Dawley rats were divided into 5 groups of 6 each, including group 1=sham operation, 
group 2= CN injury, group 3= human MSCs treatment after CN injury, group 4= nanofibrous meshes treatment after CN injury and group 5= 
nanofibrous meshes -MSCs treatment after CN injury. Immediately after the CN injury in group 5, nanofibrous meshes containing MSCs 
encircled the injured CN. Erectile response was assessed by CN stimulation at 2, 4 weeks. Thereafter, penile tissue samples were harvested 
and examined using morphological analysis and immuno-histochemical stain against nerve, endothelium and smooth muscle. 
 Results: The group transplanted with nanofibrous meshes-MSCs showed higher erectile function than the group with MSCs alone. At 4 weeks, 
immunoreaction-positive for neural cells for NF, Tuj1 as neuron was demonstrated for neuronal differentiation of MSCs or nanofibrous meshes-
MSCs at MPG after transplantation. Immunoreaction-positive for neural cells for NF, Tuj1 as neuron, MAP2, MBP, peripherin was demonstrated 
at injured cavernous nerves after transplantation of MSCs. Nanofibrous meshes-MSCs showed more increased expression of neuronal 
differentiation than MSCs alone. 
 Conclusions: Synergy of transplanted stem cells into neuron-like cell differentiation was found with nanofiber meshes around the injured 
nerves in rats with cavernous nerve injury. Nanofibrous meshes containing MSCs encircled the injured CN during the operation of radical 
prostatectomy can enhance regeneration of injured CN for the regeneration of erectile dysfunction. 
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Tissue engineering is an alternative method for bladder augmentation. Conventional scaffolds result in fibrosis and graft shrinkage. To solve 
these problems, this study designed PCL scaffold (diameter 5 mm) with growth factors (GFs) EGF, VEGF and bFGF to enhance bladder tissue 
regeneration and volume recovery in a rat model. A partial cystectomized rat (Slc:SD, male, 5 weeks) was reconstructed by scaffold (Scaffold 
group, n=25) or GFs combined scaffold (GF group, n=25), and compared to a sham operated (control group) and an untreated rat (partial 
cystectomy group). Bladder volume, histological, immunohistochemical (IHC) and molecular evaluation were performed 4, 8 and 12 weeks after 
bladder operation. Bladder volume of the Scaffold and GF group were recovered to normal range, and the GF group showed more enhanced 
augmentation than the Scaffold group. In histological evaluation, the GF group showed organized urothelial lining, dense extracellular matrix, 
frequent angiogenesis, and enhanced smooth muscle bundles compared to the Scaffold group. In IHC with aSMA and Pan-cytokerain Ab, the 
GF group showed relatively enhanced smooth muscle and urotherium formation compared to the Scaffold group. Those results were confirmed 
with smooth muscle and urothelium differentiation related genes expression. In long term (6 months) in vivo safety analysis, graft groups did 
not show abnormal morphology and histology. Therefore, bladder regeneration using the PCL scaffold with EGF, VEGF and bFGF improved 
functional and histological bladder regeneration in a partial cystectomized rat model. (2014M3A9D3034164), (2015R1C1A1A01053509), 
(2016R1C1B1011180), (2015R1D1A3A03020378), (R0005886)
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Molecular studies in bladder wound healing
 Several conditions, such as chronic inflammation, cancer or trauma may disturb the anatomy and physiology of the urinary bladder. Efficient 
wound healing after surgical intervention or disease, is of high importance to protect the upper urinary system and to minimize the risk of 
urinary incontinence.  The healing process in the urinary bladder is today not well characterized. Given the anatomical and functional 
similarities of the urinary system between human and rat, rodent models are useful for studying the molecular mechanisms involved in the 
healing process when injury occurs. In this study, we aimed at characterizing wound healing in the urinary bladder at a molecular level, using a 
rodent model of incisional wounding. 
 Materials and Methods: A rodent model of bladder healing (n=88) was used for molecular characterization of the healing process up to 28 
days post incisional wounding. The samples were collected at different time points for RNA extraction.  Genes expressed in wound healing was 
analyzed using a rat RT2-PCR wound healing array (Qiagen). Shams were used as controls.
 Results: Eighty-eight different genes were analyzed in the array.  The significant up-regulated genes included genes related to inflammation, 
such as Il1beta, Interleukin 6 and members of the chemokine CXC motif family. Several growth factors from both the epidermal and the 
fibroblast family were represented in the set of significantly up-regulated genes. Genes of the extracellular matrix receptor, such as integrins, 
were expressed differently at specific times of the healing process. Furthermore, we observed a time dependent up-regulation of matrix 
remodeling enzymes and inhibitors of proteases. Differential expression of members of collagens genes was an early event and then 
maintained between 2 and 4 weeks post wounding.
 In conclusion, we identified genes expressed at each phase of the healing process: inflammation, proliferation and tissue remodeling. Further 
studies will analyze whether these findings can be extrapolated to humans. 
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Introduction: Currently there is a lack of tissue-engineered solutions for replacement of urological tissues, like ureters and the urethra/CS. As 
the corpus spongiosum (CS) is an integral part of the urethra and important in supporting the function of the urethra, tissue engineering of the 
urethra should be combined with reconstruction of the CS [1]. The CS is a three-layered, highly vascularized structure with distinct distribution 
of extracellular matrix components. Here we propose an innovative casting approach to engineer multilayered tubular constructs to mimic the 
organization of the native CS. 
 
 Materials and Methods: A mold with three chambers, representing the three layers of the CS, was designed and fabricated. The chambers 
were loaded with gelatin-based hydrogels containing a coculture of endothelial cells and pericytes (chamber 1 and 3) and smooth muscle cells 
(chamber 2). A fiber mesh was placed at the base of the construct to serve as a porous support for the gels and to roll the construct into a 
multilayered tubular construct. The gels were mechanically tested and compared to native tissue.
 
 Results: The gel can be casted and rolled into multilayered tubular constructs. The encapsulated cells formed little capillary-like structures 
(chamber 1 and 3) and produced elastin (chamber 2) within two weeks of culturing. The compressive modulus of the construct was 
comparable to that of the native tissue. 
 
 Conclusion: Our approach enables to construct tubular structures with distinct composition in the different layers. Cell survival and 
functionality up to 14 days has been achieved. The compressive modulus of the gelatin gels within the same range as native tissue. This 
approach towards tissue engineering of multilayered tubular structures may be applicable to the urological field as well as in other fields of soft 
tissue engineering.
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Introduction: There is a need for a surgically efficient and cost effective graft in urethral surgery. Current available surgical techniques require 
harvesting of grafts from autologous sites. This increases the risk of complications from 2 operative areas, lack of tissue availability and added 
patient discomfort. Cell based approaches have shown progress in this area, however, are associated with high costs and regulatory hurdles. 
An acellular graft with good regenerative potential has a better chance to be translated into clinical practice.
 Material & Methods We have worked on four versions of urethral grafts over a period of 3 years resulting in the engineering of a final relatively 
easy to fabricate acellular bovine collagen graft with enhanced mechanical property, allowing better surgical and regenerative performance. 
This was achieved, by varying the collagen density and fibre distribution. The tubular grafts were used as 2cm urethral grafts in New Zealand 
white rabbits. This procedure was done in 49 male rabbits in two different centres in the world. At 1, 3, 6, 9 and 11 months the animals were 
macroscopically evaluated and contrast voiding cysto-urethrography was performed. After sacrifice histological examination was done on the 
implanted sections. A clinically relevant 4cm urethral defect study was initiated utilizing the dog model in 2017. A total of 8 dogs have been 
implanted with a 4cm acellular tubular graft. An endoscopic examination of the urethra and a contrast voiding cysto-urethrography as 
preformed in clinically practice will be done at the time of euthanasia. The study duration is for 1 year.
 Results The multi-centric rabbit study revealed from the contrast voiding cysto-urethrography that the initial produced acellular collagen tube 
had a 40% failure rate, while the final version had a 10% failure rate. Spontaneous urothelial coverage of the grafts and time-dependent smooth 
muscle cell migration could be observed in all grafts on histology and immunohistochemistry. The initial 2 dogs from the pilot study were 
euthanized at 2 months post-surgery and the histology showed regeneration of the implanted site. 
 Conclusions A graft that is off the shelf which is easy for the surgeon to work with, regenerative efficient, safe and cost effective is ideal for 
urethroplasty. We have shown that this is possible using an acellular platform. The data generated from this study will be used for future 
submission for clinical trial application.
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Pluripotent stem cells (PSCs) represent an important cell type for tissue engineering strategies aimed at kidney regeneration. Intermediate 
mesoderm is a lineage derived from the mesoderm, one of the germ layers from which kidney develops. Efficient initiation of differentiation of 
pluripotent stem cells (PSCs) is dependent on the responsiveness of the stem cells to the external induction cues, which is a prerequisite for 
deriving a homogeneous population of nephron progenitor cells (NPCs), the renal precursors. In this study, we established protocols for driving 
efficient differentiation of human embryonic stem cells and induced pluripotent stem cells into NPCs and developed an extracellular matrix 
(ECM) based hydrogel to improve the further differentiation of NPCs into renal vesicles. We showed that chemically induced reversible arrest of 
the PSCs in G1 phase of the cell cycle by dimethyl sulfoxide synchronizes the cell cycle of the pluripotent stem cells and their response to WNT 
agonist CHIR99021, thus efficiently stimulating the directed differentiation of PSCs to a homogenous population of NPCs. The cell cycle 
synchronization was validated by the expression of Retinoblastoma protein 1. The NPCs were characterized by the gene expression of 
HOXD11, CITED1, SIX2 and SALL1. The homogeneity was also validated by the expression of SIX2 and SALL1 by immunocytochemistry and 
flow cytometric analysis. NPCs when synchronized gave a higher yield of renal vesicles, which eventually would give higher number of 
nephrons. To further improve the generation of renal vesicles from NPCs, we have also developed successfully a hydrogel based on the ECM 
derived from sacrificial kidney tissue. Upon induction with exogenous Activin A and FGF9 in kidney derived sacrificial ECM hydrogel, NPCs 
successfully formed renal vesicles. The renal vesicles were characterized by the expression of flurochrome conjugated LTL. This strategy will 
provide a platform to get sufficient and homogenous number of NPCs and renal vesicles for kidney regeneration, drug screening and in vitro 
disease modeling of kidney disorders.
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Vesicovaginal fistula (VVF) is an abnormal opening between the bladder and the vagina that results in continuous and unimpeded leakage of 
urine. It has profound effects on physical and psychological health of the patients. Particularly in underdeveloped countries where urinary 
fistulas devastate millions of young lives, conventional management strategies are not satisfactory. For more effective and non-invasive repair, 
fluid-type tissue adhesives or sealants have been suggested. However, conventional products do not provide a suitable solution due to safety 
problems and poor adhesion under physiological conditions. Herein, we proposed a unique water-immiscible mussel protein-based 
bioadhesive (WIMBA) exhibiting strong underwater adhesion which was employed by two adhesion strategies of marine organisms; 
3,4-dihydroxy-L-phenylalanine (DOPA)-mediated strong adhesion and water-immiscible coacervation. Good performances of the WIMBA on the 
management of VVF was confirmed ex vivo and in vivo. The WIMBA with strong adhesion and good durability repaired the fistulas in pig 
bladders with a 75% success rate which is comparable to that obtained with suturing (50%). Additionally, WIMBA can be applied to the fistula 
site by cystoscopy because it is fluid and water-immiscible. Collectively, WIMBA could be a promising sealant for urinary fistula with further 
expansion to diverse internal body applications.
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Polycystic kidney disease (PKD) is a systematic genetic disorder and most common hereditary disease that ultimately leads to end-stage renal 
disease. Innumerable cyst development in the kidney is dominant trait of PKD progression. Especially, progressive enlargement of renal cyst 
frequently causes pain and complication related to cyst burden. Treatment options are limited to analgesics or invasive open or laparoscopic 
deroofing of cysts. Cyst aspiration and sclerotherapy are relatively recent treatment methods, but complication such as cyst refilling and 
infection remains to be overcome. Here, we studied novel foam sclerosant with rose bengal to both reduce cyst burden and induce 
photochemical tissue bonding by two-photon laser for better cyst ablation. Foam sclerosant is more efficient than a solution as it is retained in 
the injected area and covers the larger surface. We tested if the addition of glycerol could enhance foam retention time to augment foam 
efficacy. We found that adding glycerol to foam constituent not only improved foam retention time but also its effectiveness in destroying cyst 
epithelial cells in vitro. Using this enhanced foam, we also added rose bengal to compress cyst membrane by crosslinking with photochemical 
tissue bonding to avoid treatment complication such as reaccumulation of cyst fluid and infection. Delivery of rose bengal in foam resulted in 
the homogenous dyeing of cyst inner membrane epithelium in vitro and in vivo. Membrane crosslinking by photochemical tissue bonding was 
tested in vitro, and in vivo by two-photon laser for deep tissue penetration. We also show that the crosslinked cyst by the treatment of novel 
foam is much less subject to refilling and infection, suggesting better cyst ablation method to improve the life of the PKD patients.
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The purpose of this study was to evaluate the efficacy of regenerative treatment using collagen-gelatin sponge (CGS) in sustaining the release 
of basic fibroblast growth factor (bFGF) with tympanic membrane perforation (TMP). The current study, the effects on epithelialization, 
granulation, and vascularization of wound healing demonstrated that, as a scaffold, CGSs are equal or superior to conventional gelatin sponge. 
In addition, the efficacy of CGS combined with bFGF in wound healing was evaluated. Therefore, in this study, GCS immersed with bFGF was 
used to enhance the healing process of chronic TMP in a guinea pig model. Female guinea pigs were divided into three groups: CGS alone 
(CGS group); CGS with bFGF (200 µg/ml; CGS + bFGF group); or saline (a sham-treated group). Chronic TMP were created by electrocautery 
myringotomy. GCS or GCS immersed with bFGF was applied to the right ears and saline to the left ones. Then GCS immersed with bFGF was 
placed over the perforation during about two weeks. In all groups, on the 3rd, 7th, 14 days, macroscopic examinations of TMP and the 
expressions of bFGF in TM epithelia, fibroblasts, and macrophages were performed by histological examination and compared among the 
groups. Application of CGS combined with bFGF to chronic TMP has early closure and has significant effects on growth factor for certain 
durations.
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Paget’s soil-seed theory suggests the bone marrow provides a favourable metastatic “soil” for the circulating metastatic “seeds”, leading to the 
development of fatal bone metastatic disease (BMD) in prostate cancer. The study of early events in metastasis is thus important for the 
development of novel therapeutics targeting BMD; such efforts, however, are limited by the lack of relevant disease models. Here, we 
developed a biomimetic microfluidic device to replicate osteotropism of prostate cancer cells in vitro. Soft lithography methods were used to 
generate a three channel device from PDMS. Our device comprises type I collagen matrix in the middle channel, flanked by mesenchymal 
stromal cells (MSC) and prostate cancer (PCa) cells on either side. The MSC represent a simple bone stromal niche, used to attract PCa from 
the opposing channel. Our results showed migration of PCa cells into the gel region over a course of 3 days. Migration could also be elicited 
when chemokines was applied in place of MSC. However, this migration was not observed when MSC was replaced with MSC-conditioned 
media, suggesting a role for crosstalk between MSC and PC3. Across different cell lines, PC3, an aggressive bone metastatic prostate cancer 
cell line, was shown to have higher migration rates than LNCaP, a prostate cancer cell line with lower metastatic potential (14.0 ± 8.2 
captured PC3 vs 0 LNCaP, N=6). Migratory PC3 within the collagen matrix were recovered from the device for subsequent expansion and 
characterisation. Finally, to evaluate the role of two dimensional versus three dimensional culture, MSC spheroids were used in place of the 
MSC monolayer, with increased PC3 invasion. In conclusion, we have developed a device that can sequester bone metastatic cancer cells in 
the early stages of metastasis, with potential applications in drug testing, prognostic testing or as a disease model for basic research.
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PURPOSE: The consistent global shortage in donor corneas, indicate the need for lab-grown alternatives. Collagen-like-peptides (CLP)1 have 
been proposed as alternatives to full-length extracellular matrix proteins for tissue regeneration. The aim of this study is to investigate CLP1 as a 
corneal substitute and nano-refine it for corneal epithelial stem cell loading.
 METHODS: CLP hydrogels were tested for physical properties (DMA – collagenase challenge), optical properties (Transparency), microbial 
susceptibility (P. aeruginosa challenge) and genotoxicity (VITOTOX). CLP hydrogels were nano-surface modified with 3D topographic or 
fibronectin micro-contactprinted patterns2. Cell viability and cell proliferation of immortalized corneal epithelial cells cultivated on the hydrogel 
were investigated using BrdU, and Live cell imaging assays. Composite grafts with cultivated primary limbal epithelial stem cells (LESC) were 
characterized using SEM, TEM, qPCR and IHC analysis. Acellular hydrogels were implanted in the cornea of mini-pigs to test for in vivo 
biocompatibility (follow-up 12months)1. 
 RESULTS: CLP hydrogels form transparent hydrogels that are mechanically stable and strong. CLP shows no genotoxic effect, and hydrogels are 
100-fold more resistant to microbial growth when compared to amnion. No difference in cell viability and active proliferation rates were noted 
when compared to tissue culture plastic. Cultivated primary LESC preferentially first attach to nano- modified patterns before spreading over 
the rest of the hydrogel. Cultivated LESC keep expressing their adherent stem cell phenotype (low expression CK3/12 & GJA1 – high 
expression ΔNp63α, ITGA6 & ITGB1). In vivo, CLP hydrogels showed stable and functional corneal integration promoting regeneration of 
corneal epithelial and stromal tissue1.
 CONCLUSION: The favorable optical characteristics, relative microbial resistance, successful composite graft generation and in vivo 
biocompatibility prove that CLP is a highly promising alternative for human donor corneas. Furthermore, the benefits  of surface nano-surface 
modification will enable production of custom-built cell loaded cornea grafts. 
 ACKNOWLEDGEMENTS: This research was funded by “The Research Foundation-Flanders”, EuroNanoMedII, EU-COST Action BM1302  and 
“Funds for Research in Ophthalmology”.
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Corneal endothelial cells (CECs) have limited proliferation capacity, there exists constant demand of expansion of CECs in vitro for cornea 
regeneration in the clinical field. There are many studies to increase the proliferation of CECs in vitro. The addition of Rho-associated kinase 
(ROCK) inhibitor is known as an effective method. Conditioned medium derived from mesenchymal stem cells (MSC-CM) has been employed as 
a cell proliferation supplement. In this study, the effect of combined treatment during CEC culture was observed. The combinations of ROCK-
inhibitor and MSC-CM on the proliferation of CECs were investigated. MSC-CM was prepared using primary cultured MSCs from Wharton’s  
jelly of human umbilical cord. CECs were isolated from rabbit cornea and cultured in the ROCK-inhibitor, Y-27632 (10μM) and MSC-CM 
containing culture medium. The ability of CEC proliferation was confirmed through AlamarBlue assay, and it was confirmed that cells grown 
under MSC-CM showed a 2.5-fold higher proliferation than the control group. However, when treated with Y-27632, the cell proliferation rate 
was rather reduced. From these results, it was concluded that ROCK-inhibitor does not enhance CEC proliferation but is important for 
maintaining cell size and morphology, and that the addition of MSC-CM contributes to cell proliferation. RNA sequencing further confirmed that 
MSC-CM and ROCK-inhibitor combination, maintained the highest similarity to the initial stage of CECs with low passage number. 
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In modern medicine corneal transplantation is the cornerstone of treatment for advanced corneal diseases. Still many factors hinder its long-
term success including limited graft survival, allogeneic graft rejection, use of immunosuppressants and most importantly a global donor 
material shortage. Corneal stromal keratocytes (CSK)-loaded tissue-engineered cornea substitutes could substantially reduce donor material 
shortage and graft rejection. The main goal of this study is the bioprinting of CSK-loaded hydrogels that can be used in the future either as in 
vitro testing platforms for drug screening in personalized medicine, or as implants in corneal transplantation.
  
 This study focused on the production of structurally sound, translucent, tissue-engineered artificial corneas by bioprinting of CSK-loaded 
hydrogels. Firstly, hydrogel-based cornea substitutes were designed with CAD and printed using a drop-on-demand custom-made bioprinter. 
After successful isolation and culture of human primary CSK, cells were embedded in printable collagen-based bioinks and printed as 
constructs with a dome shape. CSK viability after bioprinting was evaluated with live/dead staining and keratocyte phenotype was analyzed by 
histology and immunohistochemistry (Kera, ALDH3A1, SMA and Lum) and ELISA (Kera). The thickness and translucency of bioprinted artificial 
corneas was measured by optical coherence tomography.
  
 Live/dead staining showed viable CSK in bioprinted hydrogels one and seven days after the bioprinting process. Moreover, drop-on-demand 
bioprinting of living CSK seemed not to affect their original keratocyte phenotype, as proved by immunohistochemical stainings and ELISA. 
Bioprinted constructs also showed satisfactory levels of translucency in the light of their application as implants for corneal transplantation. 
  
 This study reveals the potential of applying 3D bioprinting technologies in ophthalmological research for obtaining individualized solutions for 
patients in need for corneal cell therapies.
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Introduction
 To overcome donor shortage for corneal transplantation, alternatives based on tissue engineering and cell therapy are being researched. 
Biomaterials used as corneal substitutes need to be transparent, allow for endogenous cell repopulation and have enough mechanical strength 
to be sutured. The use of decellularized corneas offers great potential as they match native mechanical strength and maintain the micro 
architecture of the native tissue. In this study we evaluated the use of decellularized porcine corneas as scaffolds for tissue engineering a 
corneal substitute.
 Materials and methods
 Corneas were decellularized with SDS, Triton X-100, and DNAse and RNAse [1]. DNA, sGAG and collagen were analysed using histology 
stainings and biochemical assays. Scaffolds were seeded with human corneal fibroblasts for 2 weeks with serum-supplemented medium 
(Expansion) and for another 2 weeks with Expansion medium or serum-free Keratocyte medium. Penetration depth of migrated cells was 
measured by sectioning the scaffolds and staining with DAPI and H&E. A second method, named the sandwich method, based on the stacking 
of thin sheets of decellularized cornea with cell-laden collagen gels was compared in terms of repopulation potential to the larger tissue 
pieces. Furthermore, scaffolds were seeded with limbal epithelial stem cells for 2 weeks. Immunostaining was performed to assess cell 
phenotype.
 Results
 Decellularization was confirmed by the absence of cell nuclei and remaining DNA levels of 35 ng/mg scaffold. Sulphated glucosaminoglycans 
were significantly reduced, while collagen levels were maintained. Scaffolds showed >40% of light transmittance and became fully transparent 
upon immersion in glycerol. Scaffolds were effectively infiltrated with human corneal fibroblasts. There was no statistical difference between the 
3 media conditions tested in terms of distance migrated by the cells. However, when cells were cultured in Keratocyte medium they regained 
expression of ALDH3A1 as they would in vivo. The sandwich method allowed for homogeneous cell distribution throughout the constructs, in a 
more native-like way. Scaffolds were rapidly repopulated by a tight, stratified and CK3+ epithelium.
 Discussion
 These scaffolds showed promising in vitro results and therefore in vivo studies in a rabbit DALK model will follow.
 References
 [1] Lynch AP et al. Tissue Eng Part C. 22(6), 2016.
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The purpose of this study is to make the collagenous scaffold obtained from decellularized ECM which is made by cell sheet method into 3D 
bio printer ink. Basically, the main material of bio-ink is used as hydrogel such as collagen, gelatin, hyaluronic acid and so on. However, the 
fundamental problem of these inks isn’t directly related to the cells of the scaffold that they are trying to make, so there could be a difference 
in cell viability. In order to solve such problems, we were able to check biocompatibility and cell proliferation by cultivating cell sheets of 
various cells on biocompatible scaffold and bio ink. The output was made using an INVIVO bio-printer and a 10 x 10 x 3 mm^3 scaffold was 
printed. The comparative groups were gelatin-based in-vivo gel, medical collagen and dH-ECM Gel. The uniformity of the output scaffold was 
observed through a microscope. The printability was similar to that of gelatin. The rheometer was used to measure the viscoelasticity of each 
scaffold. Confocal image was confirmed after live and dead treatment at 1, 7, and 14 days intervals for cell proliferation after seeding of 
fibroblast cells, and cell proliferation of dH-ECM gel was confirmed to be higher than other scaffolds. The described dH-ECM Gel is expected to 
provide a new technology for bio-inks, customized for use in 3D cultures of a variety of cell types, with ease of production and 
biocompatibility.
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Various patches releasing growth factors have been developed to treat chronic tympanic membrane (TM) perforations. However, 
nanostructures influencing cellular functions have never been applied to patches before. Aligned anisotropical nanostructures, directed toward 
the center, are anticipated to help the wound healing of TM. Thus, we developed a radially aligned electrospun patch scaffold that releases 
epidermal growth factor (EGF) and applied it to animal models. EGF-releasing radially aligned patch scaffolds (EGF-A) were fabricated by 
electrospinning and compared with electrospun EGF-releasing random patch scaffolds (EGF-R). Both patches were observed by scanning 
electron microscopy (SEM), and their alignments were analyzed by Image J. Also, the incorporation of EGF on scaffolds was confirmed by 
Fourier transform infrared spectroscopy (FTIR) and their release efficacies were evaluated by enzyme-linked immunosorbent assay (ELISA). The 
cell viability of all the patches was assessed with primary TM cells isolated from Sprague-Dawley (SD) female rats (4 weeks, 50-100g). In in 
vivo, SD female rats (7 weeks, 200-250g) were used, and patches were applied to the perforated ears. Then, their healing status were checked 
and imaged once a week for 8 weeks. Non-treated group which induced spontaneous healing was set as the control group. For histological 
analysis, TMs to which patches were applied for 8 weeks were obtained and were analyzed with hematoxylin and eosin staining.
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Background: The sclera maintains and protects the eye ball, which receives visual inputs. Although the sclera does not contribute significantly 
to visual perception, scleral diseases such as refractory scleritis and deformity of the eyeball are considered incurable or difficult to cure. The 
aim of this study is to identify characteristics of the human sclera and the anteroposterior spatial gene expression hierarchy in the human sclera 
to develop a hypothesis for deformity of the eyeball.
 Methodology/Principal Findings: We analyzed the global gene expression of human scleral cells of the human infant sclera obtained from 
surgically enucleated eyes with retinoblastoma, using Affymetrix GeneChip oligonucleotide arrays. Hierarchical clustering analysis showed 
similarity between scleral cells and auricular cartilage-derived cells. Cultured micromasses of scleral cells exposed to TGF-bs and BMP2 
produced an abundant matrix. The expression of cartilage-associated genes, such as Indian hedge hog, type X collagen, and MMP13, was up-
regulated within 3 weeks in vitro. After human scleral cells labeled with DiI were implanted into a rat cartilage defect, the cells expressed type 
II collagen. These results demonstrated that human scleral cells retained chondrogenic potential both in vitro and in vivo. K-means clustering 
analysis of gene expression revealed that expression levels of cartilage-associated genes increased from the anterior to the posterior part of 
the sclera. Microarray analyses and RT-PCR data showed that the expression levels of MGP, COLXIA, BMP4 and WNT2B were significantly 
higher in the posterior than in the anterior sclera. The results of luciferase reporter assays suggested that a GSK-3β inhibitor stimulated Wnt/β
-catenin signaling particularly strongly in the posterior sclera.
 Conclusion: Our study showed chondrogenic potential of human sclera. Interestingly, the sclera of certain vertebrates, such as birds and fish, is 
composed of hyaline cartilage. Although the human sclera is not a cartilaginous tissue, the human sclera maintains chondrogenic potential 
throughout evolution. Furthermore, chondrogenic potential was higher and Wnt/β-catenin signaling was more potently activated by a GSK-3β 
inhibitor in the posterior than in the anterior part of the human infant sclera. This anteroposterior hierarchy in the sclera might contribute to 
disorders involving deformity of the eyeball. (Seko et al. PLoSOne, 2008; Cur Eye Res, 2016)
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In vivo cell tracking is important to obtain a better understanding of the biodistribution of cells applied as therapeutic agents. Magnetic 
resonance imaging (MRI) provides an opportunity to visualize transplanted cells labeled with superparamagnetic iron oxide (SPIO) particles and 
the surrounding tissues at the same time. However, the applicability of those techniques for the living retina has not been investigated. The goal 
of this study was to assess the effectiveness of MRI tracking of SPIO-labeled cells that transplanted into subretinal space.
 We labeled photoreceptor precursors cells derived from human embryonic stem cell with SPIO using the FeraTrack labeling kit (Miltenyi 
Biotec, Bergisch Gladbach, Germany). The next day, SPIO-labeled cells were harvest for transplantation to Royal College of Surgeons (RCS) rat 
model. As a control, SPIO particles containing media was also injected into subretinal space of RCS rat. Animals were examined by MRI with 
T2* weighted sequences immediately after cell injection, as well as 4, 8, 12, 16, and 20 weeks later. Histologic analyses were taken at week 
12 or 20 and compared to MRI results. 
 Hypointense artifacts corresponding to the transplanted cells were distinctively visible at the injection site. They decreased over time, but still 
remained visible over the whole follow-up period. Histology showed that SPIO-labeled cells were distributed in the subretinal space that 
corresponded to the hypointense artifacts in MRI images. However, hypointense artifacts were decreased over time much faster in controls 
with SPIO particles containing media and undetectable since week 12.
 This study demonstrates the feasibility of MRI tracking of SPIO-labeled cells after the subretinal injection. MRI cell tracking is a convenient and 
effective method for the detection of SPIO-labeled cells in subretinal space and can be appropriate for monitoring distribution of cells in cell 
therapy of various retinal diseases. 
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Introduction
  
 Corneal blindness is one of the most common causes of blindness worldwide, shortage of donor tissue and increased graft failure makes 
treatment options limited [1]. The corneal epithelium, the outer layer of the cornea, can be damaged by injury or disease causing pain and loss 
of vision. 
 Tissue engineering techniques to grow corneal epithelium could aid in the shortage of available tissue. To do this, the factors that control 
corneal epithelial behaviour must be first understood. Mechanical stress on cells can affect their activity[2], however, little is known about its 
effect on the corneal epithelium. This study examines how material stiffness regulates epithelial cell behaviour using a human telomerase 
immortalised corneal epithelial cell line (hTCEpi) to determine optimal conditions for generating new tissue. 
 
 Materials and Methods
 
 Polydimethylsiloxane (PDMS), was used to study the effect of material stiffness on corneal epithelial cells. Blends of PDMS were prepared and 
tensile tested. An elastic modulus from 12kPa to 2.24MPa was achieved. PDMS was cast into cell culture dishes and seeded at a density of 
5,000 cells/cm2 for 7 days. Cell morphology, viability, protein expression of a proliferation marker phosphorylated extracellular regulated kinase 
(pERK), mature corneal epithelial marker cytokeratin 3 (CK3) and mRNA expression of CK3 was carried out.
 
 Results
 
 Preliminary data show that stiffer substrates promote the ‘cobblestone’ morphology observed in these cells. Stiffer substrates had a significant 
increase in cell viability and an increase in pERK protein expression. CK3 was not expressed in any groups. Therefore, RT-PCR was performed to 
see if differences in mRNA expression for CK3 was observed, stiffer substrates expressed increased CK3 expression. Further replications of 
these experiments will be performed to confirm these findings.
 
 Discussion
 
 Our data shows that stiffer substrates increase cellular viability and proliferation as well as increased mRNA expression of the mature corneal 
epithelial marker CK3. In addition to this, stiffer substrates produce the typical ‘cobblestone’ cell morphology that is observed in corneal 
epithelial cells. This information may be used in the design of biomaterials of particular stiffnesses for corneal tissue regeneration.
 
 References:
 1. Tan, D.T.H., et al., Corneal transplantation. The Lancet. 379(9827): p. 1749-1761.
 2. DuFort (et al.), Nature Reviews Molecular Cell Biology, 12:308-319, 2011.
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Biotechnology, Graduate School of Engineering, Osaka University

Regenerative medicine using a person’s own cell, generally an autologous cell takes a procedure that a doctor harvests cells from a patient 
which cells are cultured on a plate to make a target tissue, and then transplants the tissue to the same patient to cure the disease. In order to 
provide high quality cells to patients, it needs a technology to predict cell proliferation, differentiation and etc. at the most effective 
transplantation based on observation and analysis of cell behaviors, tissue structures, culturing medium profiles and etc.
 We focus on culturing corneal epithelial cells which sheet is transplanted to treat a disease of corneal epithelial stem cell impoverishment 
symptom, and have developed a cell culture simulator. We designed the simulator using a Multi-agent computational model that enables an 
agent to mimic a cell and probabilistically interact each together with its own decision-making rules defined in functional modules of migration, 
division, differentiation, cell death and etc. Our objective of this research is to suggest which factors of the cultured cell property would effect 
or affect quality of the final cell sheet to be transplanted.
 We present the simulator represented qualitatively cell behaviors in proliferation and differentiation to be structured along the culture process 
time to predict cell quality. We verified the simulator with experimental data of 3D positions of p63-marked epithelial stem cells, populations of 
cells structured in a cell sheet and etc. measured in cultures of the corneal epithelial cell using different cell lines in quality. We also studied 
which parameters used in the simulation model could relate more to the cell sheet quality; a probability in cell differentiation vs. a population 
of proliferative cells, a life time of cell connections vs. a population of cells in each layer of a structured cell sheet and etc.
 
 Acknowledgements: This research was supported by Japan Agency for Medical Research and Development, on Research and development of 
the prediction system for the efficacy of Regenerative Medical Products / Research and Development of the Advanced Medical System by use 
of Medical Information / Development of Medical Devices and Systems for Advanced Medical Services.
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PURPOSE: Cultivated limbal epithelial transplantation (CLET) can successfully regenerate the anterior cornea in Limbal Stem Cell Deficiency. The 
cell carrier most commonly used in CLET is the human amnion (HAM). The aim of this study is to investigate recombinant human collagen type I 
(RHCI) hydrogels1 as a replacement to HAM for cultivating Corneal Epithelial Stem Cells (LESC).
 METHODS: Ultrathin (<100µm) RHCI hydrogels1 and HAM were tested for ultrastructure (SEM, TEM, AFM), optical properties (Refractometry - 
Transparency), bulk mechanical properties (Rheology, DMA), microbial susceptibility (P. aeruginosa challenge) and genotoxicity (VITOTOX). Cell 
viability and cell proliferation of cultivated immortalized corneal epithelial cells were investigated using PrestoBlue and BrdU. For primary cell 
cultivation, fibronectin nano-stripes were printed on the hydrogel’s surface. Primary composite grafts were characterized using qPCR and IHC 
analysis. Acellular hydrogels were implanted subcutaneously in rats to test for bio-integration and degradation (follow-up 90 days). To validate 
hydrogels’ effectiveness in ophthalmology, RHCI hydrogels were implanted in pig corneas (follow-up 1year). 
 RESULTS: RHCI hydrogels consist of randomly arranged collagen fibrils, contributing to its inherent mechanical strength. RHCI is more 
transparent than HAM. Collagen scaffolds show no genotoxic effect, and are 100-fold more resistant to microbial growth. No significant 
difference in cell viability and active proliferation rates were noted between the scaffolds. When cultivated on RHCI, primary LESC keep 
expressing their undifferentiated adherent stem cell phenotype. In rats, RHCI hydrogels show good biocompatibility as hydrogels were relatively 
intact and showed minimal tissue irritation.
 CONCLUSION: Primary LESC can successfully be cultivated on RHCI using standardized xeno-free GMP-conditions. The favorable optical & 
mechanical characteristics, relative microbial resistance, successful composite graft generation, and biocompatibility prove that RHCI is a highly 
promising scaffold for ocular application. Nano-lithography improves cell adhesion. Verification of RHCI corneas in pigs is ongoing.
 REFERENCE: 1Yaari A. et al., Tissue eng part A. 19, 1502-6, 2013 
 ACKNOWLEDGEMENTS: This research was funded by “The Research Foundation-Flanders”, EuroNanoMedII, EU-COST Action BM1302 and 
“Funds for Research in Ophthalmology”. 
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Our previous study has reported that corneal-shaped static mechanical stimulation promotes the expression of keratocyte markers in cultured 
human keratocytes. This study aims to explore the role of corneal-shaped static mechanical strain on the differentiation of human periodontal 
ligament stem cells (PDLSCs) into keratocytes, and the possible synergistic effects of mechanics and inducing medium. Human PDLSCs were 
exposed to 3% static dome-shaped mechanical strain in a Flexcell® Tension System for 3 and 7 days. Up-regulation of genes for aldehyde 
dehydrogenase 3A1 (ALDH3A1), CD34, lumican, and collagen type I and V was seen, as well as for integrin alpha 1, alpha 2 and beta 1, and 
non-muscle myosin II B. Keratocyte differentiation (inducing) medium was introduced in the Flexcell® system, either continuously or 
intermittently combined with mechanical stimulation. A synergistic effect of mechanics and inducing medium was found on keratocyte 
differentiation by evaluating gene and protein expression of keratocyte markers. Finally, a multi-lamellar cell-sheet was assembled under the 
treatment of mechanics and inducing medium simultaneously. The cell-sheets were transparent, multi-lamellar and expressed typical markers of 
corneal stroma, which show potential for future clinical applications.
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Most protocols for cultivating keratinocytes for clinical transplantation requires 3T3 cells as feeder layer to promote ex vivo expansion of 
progenitor cells. Due to the concern of xenogenic infection such as prion or reverse transcription viruses, regulation on using animal 
supplements during cell culture are strict. On the other hand, the standard trypsin/EDTA treatment on tissue often results in massive exfoliation 
and death of keratinocytes, leaving only a tiny portion of progenitor cells survive. For this, recently we have developed a cell culture technique 
that doesn't require animal ingredient for cultivating human oral mucosal epithelial cells (OMECs) for transplantation. Briefly, oral mucosal 
tissue taken from biopsy was treated overnight with collagenase A at 37 ℃ , then cultivated with SHEM medium containing artificial serum 
PLTMax. Denuded human amniotic membrane was used as a cell culture substrate. We found that compared with OMEC sheet isolated by 
trypsin/EDTA and fed with fetal calf serum, cell density, BrdU label retention capacity, colony formation efficiency were all significantly higher in 
the collagenase group. Expression of stem cell markers p63 and p75 were also higher. Pathway analysis revealed that genes related to integrin-
linked kinase (ILK) were selectively up-regulated. We therefore hypothesize that following collagenase treatment, niche micostructure, namely 
the basement membrane protein components were maintained, which elicits ILK activation and in turn up-regulates Wnt pathway, resulting in 
proliferation of OMEC progenitor cells. Cultivated oral mucosal epithelial transplantation (COMET) using the aforementioned technique has 
been approved by TFDA as a phase Ib clinical trial for treating severe ocular surface diseases with limbal stem cell deficiency. To date, three 
patients have successfully received COMET. A 42-year-old male with severe alkaline burn OD received COMET, and after the corneal surface 
became stable, he received corneal transplantation, resulting in significant improvement in vision. The removed corneal button was subject to 
immunoconfocal microscopic study, and the epithelial layer was positive for keratin 3 and keratin 4 but negative for keratin 8 staining, 
compatible with the phenotype of OMEC, and positive staining for p63 and p75, imply the engraftment of OMEC progenitor cells in the cornea. 
The initial result is promising; yet more cases are needed to justify the efficacy and safety of the technique.
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Adult mammalian retina is incapable of regeneration in retinal dysfunctions, which results in further retinal degeneration and permanent vision 
loss. There is currently no treatment for total blindness. Lower vertebrate can restore the vision by inducing retinal regeneration after severe 
retinal damage. After traumatic lesion, Müller glia can start to proliferate and differentiate into neuronal cells in zebrafish retina. Therefore, we 
hypothesized that application of a principle of retinal regeneration in zebrafish to mouse retina by gene transfection allows to us to induce 
retinal regeneration. For the cure of impaired vision in human disease, the objectives of the study were 1) to identify the proliferation and 
neuronal differentiation inducing genes, 2) to develop a new retinal degeneration model in vitro mouse retina, and 3) to determine whether 
retinal degeneration is rescued by gene transfection. 
 We have performed in vitro assay for screening of transcription factors and found that Ascl1-NICD3 cotransfection induces Müller glia 
proliferation. However, neuronal differentiation was not observed in Ascl1-NICD3 cotransfected cells. On the other hand, additional 
transfection of Sox4 to Ascl1-NICD3 induced neuronal morphology and the expression of retinal ganglion cell markers in a few transfected 
cells. To increase the efficiency of neuronal differentiation, we attempted to construct a novel gain-of-function system which induces expression 
of transcription factors via a two-step manner. This system is possible that we introduce proliferation inducing genes in the first step and 
differentiation inducing genes in the second step by mimicking retinal stem cells in zebrafish. In preliminary studies, we found that DsRed and 
EGFP expression are induced in two-step with high efficiency. 
 To develop a new retinal degeneration model in vitro, we used a phototoxic red fluorescent protein KillerRed that produces reactive oxygen 
species (ROS) and results in cell death. Carrying out a series of staining of various markers for retinal degeneration by immunohistochemistry, 
we confirmed that active caspase-3 was specifically detected in rod photoreceptors by Nrl-drived KillerRed transfection, phagocytic microglia 
was observed in the ONL, and GFAP expression was induced in Müller glia. These results demonstrate that KillerRed-based retinal 
degeneration can be used as a new model in vitro.
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Diabetes is one of the main and life threatining disease in human life which consists multi-organ distribution of the macrovascular 
complications.  Diabetic foot is seen with disability- long time hospitalization, treatment with wide ranged antibiotherapy and finally an 
amputation could be performed to the limb.  In our study we discuss how can we avoid this major vascular complication, by inducing the tissue 
repair, regeneration and neovascularization to the ischemic area,  using the stem cell therapy. Bone marrow endothelial progenitor cells 
(BMEC) are adult  stem cells located in bone marrow, can be differentiated in blood vessels by angionesis process which promotes tissue 
oxygenization and also regeneration. Due to their capacity to contribute in neovascularization in the ischemic tissues this remedy  have been 
commonly used in modern medicine. We have treated 6 patients who have diabetic foots  whose limbs is in infectious-neuropathic-ulcerated  
state . After a series of debridment to necrotic tissue, we injects BMEC intramuscularly  around the limb muscles. Later we follow up them 
approximately  three months with blood glucose regulation  next to the discharge from hospital and eventually  see the change for  the 
ischemia to better: the demarcation line is decreased by vision  ,  microcirculation and superficial blood flow is rised depending upon the 
results of ICG anjiograpy(SPY) system. We suggest BMEC  raise the prospect of extending regeneration to the treatment of diabetic foot,  with 
adding  the prolonging amputation free survival period.  Also we come up with the data that BMEC are the beneficial candidates to manage 
promoting the  considerable  wound healing in the diabetic patients, who have peripheral  ischemic complications.
 

a90927

	 03-P527	 A Novel Preservation Technique for Long-Term Storage and Ambient Temperature Distribution of Transplantable 
Human Corneas

Laura E Sidney，Owen D McIntosh，Emily R Britchford，Andrew Hopkinson
Academic Ophthalmology, Division of Clinical Neuroscience, University of Nottingham, Nottingham, UK

Worldwide, only 100,000 corneal transplants are performed annually, despite the fact that there are 1.5 million cases of corneal blindness 
diagnosed each year. One of the biggest limitations to corneal transplantation is access to quality donor tissue due to inadequate eye donation 
services and infrastructure in developing countries. This is compounded by the fact that there is no long-term storage solutions for effectively 
preserving spare donor corneas collected in countries with a surplus. Eye banking infrastructure requires large amounts of local investment and 
labour to put in place, however, increased access to tissue can be achieved by development of preservation techniques to increase corneal 
storage times and allow for global shipping at ambient temperature. This preservation will also allow storage on hospital shelves, for use in 
emergencies, where waiting for donor corneas is not possible.
 
 In this study, we used a novel drying technique to preserve human corneas collected in the US and UK, that were deemed unsuitable for 
transplantation. We assessed weight, thickness, transparency, cell viability, cell membrane permeabilisation, ECM content and structure, 
comparing to non-dried donor corneas. A subcutaneous implantation model was performed in rats to assess biocompatibility and cell 
integration of the dry corneas. Clinical suitability was assessed through market access research targeting corneal consultants in the UK.
 
 The dried corneas were comparable to non-dried donor corneas in all investigated aspects except cellular viability. When implanted 
subcutaneously in rats, the dried cornea was well tolerated, with cellular migration into the matrix and no visible immune rejection. We spoke 
to 12 corneal consultants, at 7 different hospitals, all gave positive feedback regarding future use and potential clinical indications.
 
 Our preservation technique provides an easy-to-manufacture, non-viable, dehydrated, cornea suitable for a range of clinical indications and 
tectonic support in emergency situations. It can be stored on the shelf in hospitals for over 2 years and can be shipped at ambient 
temperatures worldwide, relieving the global shortage of corneal tissue.
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The increasing application of regenerative medicine has generated a growing demand for stem cells and their derivatives. A scalable 
production method is crucial for industrialization of regenerative medicines. Single-use bioreactors offer an attractive platform for stem cell 
expansion owing to their scalability for large-scale production and feasibility of meeting clinical-grade standards.
  We evaluated the capacity of a single-use bioreactor system (1L working volume, cylindrical, orbital shaking) for expanding Meg01 cells, a 
megakaryocytic (MK) progenitor cell line. It is well known the shaking speed is a critical factor in a bioreactor system in terms of oxygen supply 
and physical stress. First, we evaluated correlation between shaking speed and Oxygen transfer rates (kLa). The kLa of shaking speed, 50, 100, 
125 rpm were estimated to be 0.39, 1.12, and 10.45 h-1, respectively. Second, Meg01 cells were cultured in each shaking speed condition. At 
50 rpm, cell growth was limited an insufficient mixing. Cell density was gradually decreased at 125 rpm, due to high hydrodynamic shear stress. 
The bioreactor culture achieved the highest growth profile when shaken at 100 rpm, achieving a total expansion rate up to 5.7-fold with a total 
cell number of 1.2 ± 0.2 × 109 cells L-1. Finally, differentiation potential to MK lineage was evaluated. MK specific surface protein and 
morphological character were comparable to conventional culturing system. In this study, we developed single-use bioreactor system for 
megakaryocyte differentiation from progenitor cell line.
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Introduction: 
 Many kidney diseases are caused by failure of glomerular filtration function, loss of podocytes and increasing glomerular fibrosis. Regenerative 
therapies may provide means to delay the loss of podocytes, replace damaged cells or repair and regenerate glomeruli. Renal precursor cells 
and mature glomerular cells are needed to study these regenerative approaches in vitro and in vivo. However, existing in vitro models of 
glomerular cell types and of the glomerulus are not well suited for such investigations. One obstacle for glomerular cultivation is the lack of a 
vasculature, an essential part for its function and maintenance. In this study, co-culture system of different types of cells will be introduced, 
which may be suitable for the of the various glomerular cell types.
 Material & Methods: 
 We have used a vascularized microfluidics chip - based approach to culture and vascularize glomeruli isolated from human kidney of 
nephrectomy patients. Glomeruli were co-cultured with human umbilical cord vascular endothelial cells (HUVEC). The formation of vascular 
connectivity was confirmed by flowing of fluorescent polystyrene beads. Functional test of glomeruli was performed by filtration of dextran. 
 Results: 
 The glomeruli survive in the chip and connect to the vascular network formed by HUVEC. Perfusion of the vascular network together with the 
glomeruli was shown and allows functional analysis.
 Conclusion: 
 The established microfluidics chip-based culture system is suitable to assay the potency of renal cells to integrate into healthy and damaged 
glomeruli. In addition, the system is adaptable for the co-culture of various cell types of the kidney and the analysis of inductive events.
 References: 
 1: Kim S, Lee H, Chung M, Jeon NL. Engineering of functional, perfusable 3D microvascular networks on a chip. Lab Chip. 2013 Apr 
21;13(8):1489-500
 
 
 2: Fan F, Chen CC, Zhang J, Schreck CM, Roman EA, Williams JM, Hirata T, Sharma M, Beard DA, Savin VJ, Roman RJ. Fluorescence dilution 
technique for measurement of albumin reflection coefficient in isolated glomeruli. Am J Physiol Renal Physiol. 2015 Dec 15;309(12):F1049-59. 
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Recent innovative technology of Rapid Microbiological Method (RMM) is getting recognized for its usefulness as alternative method for its 
rapidness, accuracy, selectivity and sensitivity, but for clinical application, it is still required for its method validation based on Japanese 
Pharmacopeia (JP) regulation. BacT/ALERT 3D microbial detection system (BacT) (Bio Merieux) is one of the well-evaluated devices in clinical 
fields, which automatically detect bacterial growth based on CO2 colorimetric detection. In this study, we designed and assessed the 
bioanalytical method validation of RMM as alternative way for conventional standardized sterility test. Firstly, we evaluated “selectivity” and 
“sensitivity” to be compared for cultured microbial strains growth promotion between BacT and conventional method. Secondly, we performed 
method validation procedures using NKT cells as cell-based medical product for clinical trial, in which AIM V medium (Life Technologies) 
contained antibiotic agent being used as culture medium. Due to exsistence of antiotics, the BacT culture bottles contained adsorbent 
polymeric beads neutralizer were applied following manufacturer's manual for growth promotion testing of the media. In growth promotion 
test, all microbial strains described (according to) on JP were tested and consistently detectable within 1 days (bacteria), in both methods, 
suggesting that “selectivity” of BacT is equivalent to conventional method. As evaluation of “sensitivity”, a single strain was tested for each 
species at target inoculum levels of approximately 30 CFU/bottle and compared each time duration of appearance of bacterial growth colony, 
and the result suggests that “sensitivity” of BacT is equivalent to conventional method (both within 1 days for bacteria, 2 days v.s. 2.7days for 
fungus ) . In method validation, all species tested were detectable by BacT method, whereas A.brasiliensis and C.albicans were undetectable 
by conventional method. These results suggest that beads neutralizer might contribute to efficiency of fungal detection even under antibiotics 
usage. In conclusion, systematic method validation procedure is indispensable before applying recent technology RMM as sterility testing of 
cell-based medical products to approve selectivity and specificity of the method. BacT/ALERT 3D is usable as alternative method of 
conventional sterility test under the proper validation.
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	 03-P531	 Development of Waterproof Humidifying Bag Type Container using a Polyethersulfone Nanofiber Sheet 
Membranes

Toshihiko Okazaki
Molecular and Cell Processing Center, Kyushu University Hospital, Kyushu, Japan

Base on the urgent need to prevent cross contamination, especially in the management of CO2 cell culture incubators in aseptically controlled 
cell processing facility, we designed closed bag type humidification container comprised with nano fiber sheet (Aquavator), which we have 
newly developed and exhibited superior functions of both moisture permeability and waterproofing performance. Here we evaluated practical 
usefulness of NF using cell culture assay. The nano fiber was made of polyethersulfone as φ 350nm in diameter, and constructed into a 
nonwoven fabric sheet with an average pore diameter of 450nm by electrospinning method. The thickness of nano fiber sheets are adjustable 
between 20 to 90 μm. Aquavator was configured as a bag type container having an nano fiber membrane on its one side; 27 x 31 cm square. 
Performance comparison with the other moisture-permeable waterproofing materials (Tyvek®, Beauty-ace®) are conducted. By the 
comparison with water bat (Conventional), a practical usability equipped in CO2 incubator and biological influence using cell culture assay are 
examined. Assessed parameters are %Room humidity, temperature, cultured cell number and viability, apoptosis. The results are the follows; 1) 
Aquavator exhibited superior performance both in moisture permeability and waterproofing by approximately 10 times higher than 
conventional products. 2) The adjustment ability of humidity by Aquavator showed equivalent to Conventional apparatus. 3) Cell culture 
analysis revealed no significant differences in cellular growth, cell viability and apoptosis after 6 days Jurkat cell culture between Aquavator and 
Conventional apparatus. We concluded that Aquavator exhibit equivalent performance of humidification as conventional water bat  apparatus 
and contribute remarkable benefit to prevent cross contamination in CO2 cell culture incubator management.
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	 03-P534	 Surfactant-free solubilization and systemic delivery of anti-cancer drug using low molecular weight 
methylcellulose

Yong-Hee Kim，Jee Young Chung，Yoonsung Song，SeokBeom Yong，HyunJoon Wee
Department of Bioengineering, BK 21 Plus Future Biopharmaceutical Human Resources Training and Research Team, Hanyang University, Seoul, Korea

Docetaxel, an advanced taxoid, has been widely used as an anti-mitotic agent, but further augmentation of its properties is still required, 
including improvement in low aqueous solubility1. In this study, we report the development of bio-eliminable low molecular weight 
methylcellulose-based surfactant-free injectable formulation for the delivery of docetaxel. Methylcellulose, a hydrophobically modified cellulose 
derivative, was hydrolyzed by an enzymatic degradation method to obtain low molecular weight methylcellulose (LMwMC)2. The current study 
pursued to evaluate the potential of the surfactant-free polymeric micellar aggregates. A biocompatible, bio-eliminable, and natural 
polysaccharide methylcellulose was prepared by enzymatic degradation to produce LMwMC. DTX administered intravenously, has high 
hydrophobicity, captivating the utilization of surfactants or organic solvents limiting the efficacy of DTX as they lead to low bio-availability. DTX-
loaded LMwMC (DTX-LMwMC) micelles were prepared by the thin-film hydration method, and their various physicochemical properties, 
including critical micelle concentration, morphology, size determined by transmission electron microscopy (TEM), and in vitro release behavior, 
were evaluated. We further evaluated the in vivo anti-cancer effects against a B16F10 melanoma cancer cell-xenograft model following 
intravenous injection of the DTX-LMwMC micelles. This study considers the applicability of surfactant-free micelles for hydrophobic anti-cancer 
drugs.
 
 References:
 1. Montero, F. Fossella, G. Hortobagyi, V. Valero, Docetaxel for treatment of solid tumours: a systematic review of clinical data, The lancet 
oncology, 6 (2005) 229-239
 2. J.K. Kim, C. Yoo, Y.-H. Cha, Y.-H. Kim, Thermo-reversible injectable gel based on enzymatically-chopped low molecular weight 
methylcellulose for exenatide and FGF 21 delivery to treat types 1 and 2 diabetes, Journal of Controlled Release, 194 (2014) 316-322.
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(22A20130011095), and the Korean Health Technology R&D project through the Ministry of Health and Welfare (HI17C0888). 
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	 03-P533	 Development of hybrid cell sheets using peritoneum and MSC for prevention of anastomotic leakage  after 
operation of rectal cancer in a rat model 

Shota Aoyama1，Takeshi Ohki1，Tomoko Kuriyama2，Masayuki Yamato2，Tatsuya Shimizu2，Masakazu Yamamoto1

1Department of Surgery,Tokyo Women's Medical University, Tokyo, Japan，2the Tokyo Women’s Medical University - Waseda University Joint Institution for Advanced Biomedical Sciences

Introduction: Anastomotic leakage is a major complication in rectal cancer surgery. Although there are preoperative procedures and ingenuity 
of sutures, and progress of surgical techniques and devices, the incidence is still high at 3-14%. We attempted to introduce a cell sheet, which 
is a regenerative medical technique, to prevention of anastomotic leakage. 
 
 Objective: Hybrid adipose-derived stem cell sheet combining adipose-derived stem cell sheet and peritoneum was prepared and examined for 
histological evaluation and graft survival.
 
 Method: Adipose tissue was collected from the inguinal part of GFP rat, and anadipose-derived stem cell sheet was prepared. The peritoneum 
of SD rat was collected, and the fascia in the median back of the rat was removed and the muscle was exposed. Hybrid adipose-derived stem 
cell sheet was transplanted to the back muscle, and histological findings (HE, GFP, immunostaining) and engraftment were evaluated (day 3, 
day 7).
 
 Result: Hybrid adipose-derived stem cell sheets could be confirmed in a relatively stable state macroscopically and histologically.
 
 Conclusion: Hybrid adipose-derived stem cell sheets may be engrafted in a stable state and may be useful for prevention of rectal rectal 
anastomotic leakage.
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	 03-P536	 A novel technology for lifelong treatment of intractable plasma protein deficiency: Ex vivo-manipulated 
adipocytes for sustained secretion of therapeutic proteins

Yasuyuki Aoyagi1，Masayuki Kuroda2，Sakiyo Asada1，Akinobu Onitake1，Mika Kirinashizawa1，Tokuo Yamamoto1，Shigeaki Tanaka1，Shun-ichi Konno1，
Masami Tanio1，Yasushi Saito3，Kotaro Yokote4，Masayuki Aso1

1CellGenTech, Inc., Chiba, Japan.，2Center for Advanced Medicine, Chiba University Hospital, Chiba University, Chiba, Japan.，3The Hospital Bureau, Chiba, Japan.，4Department of Clinical Cell 
Biology and Medicine, Chiba University Graduate School of Medicine, Chiba, Japan.

Despite the critical need for lifelong treatment of inherited and genetic diseases, there are no developmental efforts for most such diseases due 
to their rarity. Based on much experiences of clinical transplantation therapy in cosmetic and reconstructive surgery, adipose tissue is now 
recognized as a source of proliferative cells for cell-based therapy. Most commonly used adipose tissue-derived cells are stromal vascular 
fractions (SVF), which is the sediment after collagenase digestion followed by centrifugation. Many studies demonstrated that SVF exhibits 
multi-lineage differentiation potential, suggesting a suitable source for regenerative medicine. However, accumulated data indicate that SVF are 
heterogeneous in nature and may not be a stable therapeutic gene vehicle from the GMP point of view and also from the safety concern. To 
solve this problem, we have developed the method to obtain the proliferative cells from the mature adipocytes via ceiling culture. The 
propagated cells, designated as ceiling culture-derived proliferative adipocytes (ccdPAs), were subjected to retroviral/lentiviral gene 
transduction which resulted in good gene transduction efficiency with stable secretion of the transgene products. GMP production procedure, 
by which the gene-transduced ccdPAs could be expanded up to 1012 cells from 1 g of fat tissue within one month after fat tissue resection, has 
been developed. Our platform technology has been applied for clinical development of ex vivo gene therapy of familial lecithin:cholesterol 
acyltransferase (LCAT) deficiency. Abnormal lipid profiles in serum of LCAT deficiency patients caused by LCAT dysfunction were ameliorated 
by addition of LCAT produced by human lcat gene-transduced ccdPAs in vitro. Fibrin glue, clinically approved tissue sealant, worked well as a 
scaffold to enhance transplanted cells to survive in mice and secret LCAT into the blood stream. First in human clinical trial has been started in 
Chiba University under the Act on Securement of Safety of Regenerative Medicine in Japan. We further continue our research and development 
to obtain the approval as gene therapy medicine. We are also developing protein replacement therapy of hemophilia, lysosomal storage 
diseases, and neurological diseases.
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	 03-P535	 First in human clinical trial of treatment of familial LCAT deficiency syndrome by self-transplantation of 
therapeutic-enzyme secreting adipocytes
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1Center for Advanced Medicine, Chiba University Hospital, Chiba, Japan，2Department of Clinical Cell Biology and Medicine, Graduate School of Medicine, Chiba University, Chiba, Japan，
3Department of Plastic and Reconstructive Surgery, Graduate School of Medicine, Chiba University, Chiba, Japan，4Department of Ophthalmology and Visual Science, Graduate School of 
Medicine, Chiba University, Chiba, Japan，5CellGenTech, Inc., Chiba, Japan，6The Hospital Bureau, Chiba, Japan，7Department of Nephrology, Rheumatology, Endocrinology and Metabolism, 
Okayama University Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, Okayama, Japan

Familial lecithin:cholesterol acyltransferase (LCAT) deficiency syndrome is an autosomal recessive disease characterized by severe dysfunction 
of HDL with subsequent generation of abnormal LDL. Patients often develop life-threatening complications such as renal failure and corneal 
opacity. Long-lasting LCAT protein replacement is one of the therapeutic approaches to prevent the LCAT-deficient patients from progressive 
tissue damages. However, such treatment has not been developed since it is difficult to provide stable recombinant enzyme due to the cost 
problems and the rareness of disease. Our previous basic experimental data together with clinical experience in transplantation therapy 
strongly suggested that autologous adipocyte transplantation is an effective maneuver to perform ex vivo gene therapy enabling sustained 
secretion of therapeutic enzymes. We have reported that ceiling culture-derived proliferative adipocytes (ccdPAs) are useful for an effective 
LCAT production using the retroviral gene transfection. The lcat gene-transduced ccdPAs secreted functional LCAT protein, which caused 
maturation of HDL derived from LCAT-deficiency patients and reduced renal-damaging LDL poor in esterified-cholesterol, in vitro. Furthermore, 
subcutaneous transplantation of the ccdPAs ameliorated the circulating abnormal lipoproteins in lcat-deficient mice. Thus, ccdPAs would 
provide an excellent platform for developing a protein replacement therapy not only for LCAT deficiency but also other disorders caused by 
deficiency in serum protein requiring long-term therapeutic protein supplementation. In addition, fibrin glue, which is clinically available scaffold, 
increased the survival of transplanted lcat-gene transduced ccdPAs in mice. Based on the accumulated pre-clinical data, the ex vivo gene and 
cell therapy protocol has been approved under the Act on Securement of Safety of Regenerative Medicine in Japan. First patient was enrolled 
last year and the safety as well as efficacy is now under investigation.
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	 03-P538	 Development of a novel modular system for cell production: an assessment for improvement of production 
efficiency by changing the operation method

Manabu Mizutani，Kentaro Nakajima，Kazuhiro Fukumori，Masahiro Kino-oka
Graduate School of Engineering, Osaka University, Osaka, Japan

The main steps of the cell production, such as medium exchange or passaging operations, must work at defined intervals to grow the cells. 
Therefore, general assembly line operation is not suitable for cell production. When the production of cell-based products in the container 
handling which is handled by opening the vessels, aseptic cell processing areas in facility, which install commercial isolator systems, are difficult 
to be managed with high usage rate. It is reason that isolator systems are easy to maintain aseptically whereas they are not suitable for 
production methods sharing the chamber as a common processing area between multi-manufacturing lines.
   If common apparatus could be shared between multi-manufacturing lines parallel in an isolator system, we think it would obtain an improved 
production management and contribute to significant cost-saving. Therefore a novel process assembly method, called a flexible modular 
platform (fMP), has been developed by combining modules composed the individual aseptic isolator. A key technology of fMP is the aseptic 
connection interface for transfer between modules which is decontaminated, and the standardization of aseptic transfer interface has been 
discussed in the working group of ISO/TC 198/WG9.
   In this study, first, the production capacity of a facility model adopting the isolator system of fMP was compared with that of the facility 
adopting the conventional isolator system. The results showed that shorten of changeover process, which contains cleaning process time at the 
end of operation and connection time between modules on the eve of operation, was one of the critical issues. Then, the effects of improving 
production efficiency were evaluated by calculating the cost of the structural facilities, such as facilities or equipment, by using the 
manufacturing process of a model product which derived from allogenic iPS cells. It was found that the structural facility cost of the model 
adopting fMP increases much more slowly than the model adopting conventional isolator system as the number of production increases.
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	 03-P537	 Effect on Cell culture environment from Earthquake

Koki Abe1，Isao Tanaka1，Takashi Kakimoto1，Hodaka makino2，Hirotsugu Kubo2，Masaaki Saruta1

1SHIMIZU CORPORATION, Institute of Technology，2NIHON KOHDEN CORPORATION

The time taken to commercialize regenerative medical products depends largely on cell proliferation and is longer than that of general 
products. For this reason, large earthquakes occurring during cell culture have a great influence on cell production. That not only increases the 
manufacturing cost of the manufacturer due to the manufacturing process being redone, but also makes it impossible for the patient to receive 
the product when necessary. When such a situation occurs, it affects the life of the patient, so it is very important for facilities that manufacture 
regenerative medical products to take measures that can continue culturing even when an earthquake occurs. However, it has not been 
clarified how much the earthquake can continue culturing. Therefore, a CO 2 incubator was actually installed in the space assumed for the 
culture room, and the excitation experiment was carried out to evaluate the maintenance of sterility. As a result, in a building without a base 
isolation function, it becomes difficult to secure sterility at a seismic intensity of 5 or more, but it became clear that in a building with a base 
isolation function, sterility is secured even at a strong seismic intensity of 6 It was. Therefore, the acceleration received by the culture vessel 
and the cells by each excitation was measured, and the influence on the cultured cells was evaluated. Report the results.
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	 03-P540	 An Industrially Scalable Small Molecule Gelator with Applications in Tissue Engineering and Regenerative 
Medicine 

Laurens Albert J Rutgeerts1，Al Halifa Soultan1,2，Ramesh Subramani3，Jennifer Patterson2，Wim Michel De Borggraeve1

1Department of Chemistry, KU Leuven, Leuven, Belgium，2Department of Materials Engineering, KU Leuven, Leuven, Belgium，3Department of Biosystems, KU Leuven, Leuven, Belgium

Recently, a lot of research has been invested in the use of hydrogels in tissue engineering and regenerative medicine (TERM) as scaffolds 
mimicking the extracellular matrix (ECM).1 Polymer based hydrogels are extensively being investigated in the field;2 however, in the class of low 
molecular weight gelators (LMWGs), mainly peptide based materials are used.3 These are very interesting because of the functionality of the 
peptides as well as the smart material capabilities, well-defined structure, and ability to form dynamic systems of the LMWGs. Because of the 
many advantages of LMWGs but the costly and elaborate synthesis of peptides, this work focuses on the development of non-peptide based 
low molecular weight hydrogelators with applications in TERM. These gelators were synthesized in quantitative yields, and the scalability of 
their synthesis was shown using the green and scalable technique of ball milling. Gelation tests showed that these compounds could form 
hydrogels in water, PBS, DMEM, and cell culture medium. Assessment of the mechanical properties of the hydrogels, using shear rheology, 
showed that the materials have thixotropic properties, indicating that these materials are suitable for delivery via injection. SEM and AFM 
studies showed that the gelator network consisted of ribbon-like nanofibers. Cytocompatibility studies, performed by encapsulating L929 
fibroblast cells, demonstrated that these cells remained viable in the hydrogels and proliferated over several days. In conclusion, we believe 
this material could provide a low cost and cytocompatible hydrogel scaffold for cell expansion and minimally invasive delivery. 
  
 References:
  1. Berthiaume F, Maguire TJ, Yarmush ML. Tissue Engineering and Regenerative Medicine: History, Progress, and Challenges. Annu. Rev. Chem. 
Biomol. Eng. 2, 403, 2011.
 2. Van Vlierberghe S, Dubruel P, Schacht, E. Biopolymer-Based Hydrogels As Scaffolds for Tissue Engineering Applications: A Review. 
Biomacromolecules. 12, 1387, 2011
 3. Hirst AR, Escuder B, Miravet JF, Smith DK. High-Tech Applications of Self-Assembling Supramolecular Nanostructured Gel-Phase Materials: 
From Regenerative Medicine to Electronic Devices. Angew. Chem. Int. Ed. 47, 8002, 2008
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	 03-P539	 Nano-Cucumis: Anti-microbial and Anti-biofilm Nanocomplex

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

In this study, we constructed cucumber-like nanocomposites. The nanocomposite has grown to form copper nanoparticles on the surface of 
CNTs, resulting in a combination of particle shape (zero dimesion) and rod shape (one dimenstion). These cucumber-shaped nanocomposites 
have proven to have strong bactericidal activity and also to remove biofilms. However, at the lowest concentration with bactericidal activity, it 
was able to prove to be harmless to human cells. These cucumber nanocomposites are expected to be applicable to implants and medical 
devices where biofilms are easily formed.
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	 03-P542	 Synthesis of sub 3 nm-sized uniform magnetite nanoparticles using reverse micelle method and examination of its 
biological compatibility 
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Nanoparticles play important role in diagnosis and therapy of many diseases. However, the irregularity of nanoparticle size and the use of 
detrimental solvent during produce of nanoparticles are obstacles in use of nanoparticles for clinics. To solve these problems, we report a 
novel and facile method for the synthesis of small and uniform magnetite (Fe3O4) nanoparticles. Magnetite nanoparticles were synthesized via a 
reaction of iron(III)-stearate with hydrazine in reverse micelles composed of oleylamine, F127, xylene, and water at the reaction temperature of 
90 °C in air atmosphere. The synthesized 3 nm-sized spherical magnetite nanoparticles exhibited good size uniformity. By controlling the 
experimental conditions, we could easily control the size and size uniformity of the magnetite nanoparticles. The biological compatibility of 
synthesized nanoparticles were tested in vitro. Also the use of these synthesized nanoparticles as a T2 MRI contrast agent is now examined. 
These small and uniform magnetic nanoparticles are usefull in the various biomedical applications, for example, sensing and drug targeting.
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	 03-P541	 Phase Transformation of Graphene Oxide and its Biomedical Applications

Guan-Yu Chen
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Graphene oxide (GO) has attracted significant interest as a template material for multiple applications due to its two-dimensional nature and 
established functionalization chemistries. Currently, as-synthesized GO nanosheets are employed directly to this end with no structural 
modifications. Here, we induce a phase transformation (oxygen clustering) in GO (also named as treated-GO) and demonstrate its benefits for 
several bioapplications. We utilize the modified form of treated-GO to construct a highly sensitive and planar device that allows for quick and 
efficient capture of murine class-II MHC+ cells from blood sample. Our approach leads to a capture efficiency of ∼92% at room temperature. 
Besides, we demonstrate the capability of treated-GO to play a dual-role simultaneously as a: (i) cellular imaging agent, and (ii) drug delivery 
agent in CT26 cancer cells, without any need for additional fluorescent protein labeling. This extraordinary surface also allowed to carry out 
better molecular absorptions, chemical conjugations, within the coexistence of abundant oxidized and graphitic domains, which are capable of 
accelerating human mesenchymal stem cell towards the osteogenic lineage. Overall, our work highlights the impact of phase transformation in 
GO for applications in biomolecule detection, cellular imaging, drug delivery and stem cell differentiation, hence lead material science a brand 
new era.
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	 03-P544	 Development of Comprehension Evaluation System for Laws and Regulations of Regenerative Medicine

Toshihiko Okazaki1,2，Rie Sonoi1,2，Motoko Fukunaga1,2，Kaori Kajitani1,2，Yoshihiro Tanaka1,2，Yoichi Nakanishi2
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The revision of the Pharmaceutical Affairs Law was conducted and renamed as the Pharmaceuticals, Medical Devices, and Other Therapeutic 
Products Act came into force in November 2014 in Japan, and the category of regenerative medicinal products were defined independently. As 
the regulatory frameworks of cell & gene medical products in Europe and the United States also has been getting promoted, specialized 
education and better understanding of this new law and relative guidelines are getting more indispensable for those handling regenerative 
medicine used for academic clinical trials and therapeutic applications of pharmaceutical industries. 
 While continuous education for facility management staffs and operators engaged in aseptic cell processing facility are commonly accepted to 
be important for ensuring safety and quality management of products, there seldom established on the comprehensive evaluation method. To 
resolve these requirements on the field of cell & gene based medical products, we have developed a new system to evaluate the 
comprehensive degree for the content of the new law, and constructed as cloud-operative system for better application method: 
“e-COMPASS”.
 The quantitative evaluation system “e-COMPASS” consisted of the questions based on of this law and also included some contents from “Good 
Manufacturing Practice” and “the Act on Securement of Safety of Regenerative Medicine, etc.”. These questions were classified into twenty 
categories based on the chapter of the law and relative guidelines, and the test was constructed twenty questions selected randomly from the 
pooled questions of each categories. The test was conducted in three groups; Group A: undergraduate students in Biomedical engineering, not 
having GMP education, Group B: Medical undergraduate students, having GMP education, and Group C: Experts of GMP, practically working in 
Cell Processing Facility in Japan.
 The “e-COMPASS” successfully extracted some specific categories among the Groups which include risk factors for manufacturing and specific 
features to regenerative medical products not found in conventional medicines, providing the important target categories to be required for 
advanced and more intensive education content.  
 In conclusion, the “e-COMPASS” system is useful for evaluating the degree of comprehension of law concerning regenerative medicine.
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	 03-P543	 Cartridge type microfluidic system for Body on a Chip applications 
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Microfluidic chip is a strong tool to conduct biological experiments for analyzing, stimulating and manipulating cells by controlling surrounding 
micro-environments. By taking advantage of the controllability of fluid flow in microfluidic chip, the system resembling organ or human body in a 
chip, so called organ on a chip or body on a chip, are rapidly developing in the world. They are expected to be used as a new experimental 
model alternating an animal experiment for biological applications such as drug evaluation and analysis of immune systems. The ultimate goal 
of the body on a chip is imitating the circulation system of human body in a chip by including multiple organs and producing cell-tissue or 
tissue-tissue interactions in a chip. However, the more system is complicated with including multiple organs, the operation procedure becomes 
too complicated for practical use. Especially, the application of the microfluidic chip for 3D cell culture is still limited due to the complexity of 
the experimental procedure. The time consuming protocol deteriorates cell viability and it causes variation of the experimental results, which 
are frequent problems in 3D culture. Here I present the cartridge type microfluidic device to facilitate the procedure of 3D culture in a chip. 
Hybrid gel cube (HGC) device was employed to separate cultivation system for 3D tissue and control system with microfluidic chip. It allows us 
to insert and release the cultured tissue in a few seconds to/from microfluidic chip at desired timing as if we change an ink cartridge from 
printer. Thus, the cell damage due to the experimental procedure can be minimized. In additions, the large-sized tissue can be imaged with 
high resolutions by rotating the sample with HGC for multi-scanning via laser microscopy system after releasing from the chip. In order to 
present the capability of proposed system, I have conducted analyzing side effect of doxorubicin on cardiac myocytes. The proposed cartridge 
type microfluidic system can supply simplicity for the growing Body on a Chip system to be practically used. 
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	 03-P547	 EGF and 3D alginate scaffold improved oocyte-like cells differentiation 

Soghra - Bahmanpour，Azam - Soleimani，Tahereh - Talaei khozani，Soghra - Bahmanpour
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Three-dimensional (3D) culture matrices based on biomaterials are porous substrates that can support cell proliferation, differentiation and 
regeneration. Some growth factors, such as epidermal growth factor (EGF) also stimulate normal meiosis during oocyte maturation in vivo.  A 
3D culture system using calcium alginate encapsulation was applied to induce oocyte differentiation from mouse embryonic stem cells 
(mESCs). Here we report that mouse embryonic stem cells can be induced to differentiate into oocyte-like cells using embryoid body (EB) 
protocol culturing in two-dimensional (monolayer) or three-dimensional microenvironment in vitro. For the effective differentiation of oocyte-like 
cells we employed coculture system using ovarian granulosa cells in the presence or absence of EGF (+EGF or –EGF) for 14 days.
  In the cells exposed to EGF in the three-dimensional microenvironment, the gene expression levels of premeiotic (Stra8, oct4), meiotic (SCP1, 
SCP3, Rec8) and oocyte maturation (GDF9, CX37, ZP3) were upregulated significantly. The high efficiency of differentiation into oocyte-like cells 
from mESCs reflects the culture method employed in the 3D coculture system. These results showed that this culture system along with EGF 
improved the rate of in vitro oocyte differentiation.
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	 03-P545	 DIFFERENTIATION OF HUMAN AMNIOTIC FLUID STEM CELLS CULTURED ON BIOMATERIALS HAVING 
NANOSEGMENTS 
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Human amniotic fluid stem cells (hAFSCs) are pluripotent fetal cells, which are capable to differentiate into multiple lineages of the cells 
containing three embryonic germ layers. Thus, hAFSCs may become a more suitable source of stem cells in tissue engineering and regenerative 
medicine in future. Retinal pigment epithelium (RPE) is the pigmented cell layer just outside the neurosensory retina, which nourishes retinal 
visual cells. Retinal pigment epithelial cells can differentiate into many other ocular tissues. In human clinical trials, transplantation of RPE 
derived from human embryonic stem cells (hESCs-RPE) resulted in extensive photoreceptor rescue and improvement in visual function. In 
clinical applications, it has been shown that RPE derived from stem cells is valuable for the recovery of the disease of eyes, such as Age −
related macular degeneration (AMD) and Stargardt’s macular dystrophy. However, there has been no study of RPE derived from mesenchymal 
stem cells, which was used for clinical trials and animal experiments. Therefore, we have investigated the differentiation of hAFSCs into RPEs in 
this study. We designed the culture method of hAFSCs where the different substrates were coated on tissue culture polystyrene (TCPS) dishes, 
which were used to culture hAFSCs such as (1) TCPS coated with Synthemax II (oligo-vitronectin based substrate), (2) TCPS coated with human 
recombinant-vitronectin and (3) TCPS coated with poly(N-isopropylacrylamide-co-butylacrylate) (ploy-Nippam-co-BA). We found that the 
coating of these substrates on TCPS supports strong attachment of hAFSCs on the dishes, which is useful for the differentiation of hAFSCs into 
RPE.
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	 03-P549	 Modulatory effects of vitamin C on microRNA expression  on murine ovarian follicles grown in vitro 

Yoon Young Kim1，Seung-Yup Ku1，Yong Jin Kim2，Hoon Kim1，Chang suk Suh1

1Dept of Obstetrics and Gynecology, Seoul National University Hospital，2Korea University Guro Hospital

The regulatory effects of vitamin-C (vit-C) were reported in the in vitro murine ovarian follicular growth model (Yong Jin Kim et al., Reprod Sci 
2010). MicroRNAs (miRs) are known to suppress target gene expression post-transcriptionally in the ovarian tissue. Currently, miR expression 
profile during follicular growth has not been well-established. We attempted to evaluate the miR expression pattern changes after vit-C 
treatment. 
 Pre-antral ovarian follicles were retrieved from 13-day-old C57BL/6 female mice and cultured under treatment with follicle-stimulating-
hormone and luteinizing-hormone. Fifty and 100 µM of vit-C was added for 10 days during in-vitro culture. At full maturation, follicles were 
treated with human chorionic gonadotropin and epidermal growth factor. qRT-PCR was conducted to evaluate the miRs that are expressed 
mainly in murine ovaries. 
 SA-β-gal (senescence-specific staining)-positive population was significantly reduced in the treatment group compared to control. The 
expression of oocyte- and follicle-specific genes such as Oct 4 was up-regulated in the vitamin treatment group. The expression of apoptosis-
specific miRs was down-regulated by vit-C treatment. 
 Taken together, vit-C treatment at tested doses altered the miR expression pattern of oocytes and granulosa cells during in-vitro growth of 
murine ovarian follicles, probably via retarding senescence (2016R1E1A1A01943455).
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	 03-P548	 Enhancing the Study of Wound Healing through a Multiplexing Approach of an In vivo Negative Pressure Wound 
Therapy Porcine Model  

Adam J. Mellott1，Christopher A. Neal1，Ashley Pistorio1，Heather E. Shinogle-Decker2，Jennifer G. Nelson-Brantley3，Molly Steed4，Richard Korentager1，
David S. Zamierowski1
1Department of Plastic Surgery, University of Kansas Medical Center, Kansas City, KS, USA，2Microscopy and Analytical Imaging, University of Kansas, Lawrence, KS, USA，3Department of 
Otolaryngology, University of Kansas Medical Center, Kansas City, KS, USA，4Department of Pharmacy Practice, University of Kansas, Lawrence, KS, USA

Negative pressure wound therapy (NPWT) has been used as an effective surgical adjunct technique for accelerating the closure of acute and 
chronic wounds for nearly two decades. NPWT is used in battlefield trauma and routinely in the operating room to close a variety of full 
thickness and partial thickness wounds. Considerable efforts have been invested into elucidating the cellular and molecular mechanisms behind 
the efficacy of NPWT; however, these mechanisms are still not fully understood due to challenges in directly observing NPWT histologically, in 
real-time. The ability to observe how the polyurethane foam dressing interfaces with the wound bed and surrounding tissue over time, would 
provide significant insights into how NPWT has been proposed to aid the body in wound healing and wound closure. In the work presented, a 
series of full thickness wounds were made in a porcine model, and the character of the wound bed was assessed over nine days when 
exposed to NPWT and without NPWT. A specialized multiplex format was used to execute multiple analyses on each wound in parallel to 
maximize the data collected for each sample while minimizing discomfort to the animal. Our findings are the first to histologically capture the 
in-growth of the granulation tissue as well as infiltration of dermal fibroblasts into the polyurethane foam dressing while wound sites are under 
negative pressure. Furthermore, our findings raise new questions regarding the direct and indirect effects of how NPWT stimulates cell 
proliferation and extracellular matrix remodeling, which may have implications for enhancing repair of other critical defects in soft tissues using 
deformable biomaterials that alter the surrounding tissue. 
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	 03-P551	 Lectin profile variation in mesenchymal stem cells derived from different sources 

Tahereh Talaei-Khozani，Elaheh Aleahmad，Zahra Vojdani，Elham Aliabadi
Department of Anatomy, Shiraz University of Medical sciences, Shiraz, Iran

Background: Human mesenchymal stem cells (MSCs), as a good source of stem cells for regenerative medicine, have different morphological 
and functional features.  Carbohydrate moieties on the cell surface have important roles including cell-cell interaction and cell recognition. The 
objective of this study was to find the variation in glycoconjugate distribution pattern of MSCs derived from various sources. 
 Material and methods:  MSCs were isolated from the adipose tissue, bone marrow, Wharton’s jelly, and cord blood. Then, they were stained 
with FITC-conjugated wheat germ agglutinin (WGA), peanut agglutinin (PNA), concanavalin A (Con A), Ulex europaeus (UEA), Dolichos biflorus 
(DBA) and atto-488 conjugated Phytolacca americana (PWM) lectins. The intensity of the reactions was scored by ImageJ software. Flow 
cytometry was performed to detect the expression of endothelial marker, CD144. The data were analyzed by ANOVA and LSD.
 Results: Lectin reactivity of MSCs from various sources had different distribution patterns. Cord blood derived-MSCs showed the significant 
highest intensity of the reaction with all lectins.  All MSCs were also stained with PNA “moderately.  Bone marrow-derived MSCs failed to react 
with UEA, DBA and Con A. Wharton’s jelly derived MSCs also could not be stained with Con A. Cord blood-derived MSCs contained 
subpopulations with different lectin reactivates and none of them expressed CD144.
 Conclusion: It seems that the MSCs derived from various sources had different lectin reactivity. 
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	 03-P550	 Use of hyperpolarized magnetic resonance spectroscopy (HP-MRS) in cell and tissue engineering

Yoichi Takakusagi1,2，Kaori Takakusagi1，Kaori Inoue2，Kazuhiro Ichikawa2,3

1Department of Molecular Imaging and Theranostics, National Institute of Radiological Sciences (NIRS), National Institutes for Quantum and Radiological Science and Technology (QST), Chiba, 
Japan，2Incubation Center for Advanced Medical Science, Kyushu University, Maidashi, Higashi-ku, Fukuoka, Japan，3Department of Pharmacy, Faculty of Pharmaceutical Sciences, Nagasaki 
International University, Huis Ten Bosch, Sasebo, Nagasaki, Japan

Herein, hyperpolarized (HP) magnetic resonance spectroscopy (MRS) was used for direct monitoring of the metabolic alterations induced by the 
spheroidal culture of tumor cells. HP-MRS is a powerful method to increase the sensitivity of nuclear magnetic resonance (NMR) over several 
orders of magnitude (> 10,000 times), which enables noninvasive and quantitative assessment of metabolic process in living systems by the 
use of functional chemical probes labeled with non-radioactive nuclei such as 13C as a tracer. In this work, increase in the conversion of HP [1-
13C]pyruvate to [1-13C]lactate, which reflects the enhanced aerobic glycolysis known as the Warburg effect, could be directly monitored in tiny 
multicellular tumor spheroids (~300 µm) put in an NMR tube, which was compared with those of normal cells from flat-bottomed culture. 
These findings suggest that HP [1-13C]pyruvate MRS can be used for the noninvasive evaluation of the functions of biological mimetics. 
Furthermore, increase in the aerobic glycolysis in early tumorigenesis, which seems to be ahead of malignant transformation (e.g. hypoxia, 
necrosis or vascular formation), can be an ultra early diagnostic marker on HP-MRI. Given the functional HP chemical probes of interest, 
noninvasive evaluation of biological functions, and exploration of biological markers in various biological mimetics may be possible by the use 
of HP-NMR/MRI. 
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	 03-P553	 Lectin histochemisry showed a heterogeneous population of cells among human mesenchymal stem cells isolated 
from adipose tissue 

Elham Aliabadi，Fariba Zarifi，Shima Rafiee，Maryam Borhan-Haghighi，Tahereh Talaei-Khozani
Anatomy department, Shiraz University of medical Sciences, Shiraz, Iran

Background: Adipose tissue as an appropriate source of mesenchymal stem cells (MSCs) has the potential to differentiate into multiple 
lineages. Glycoconjugates content of the MSCs can be considered as biomarkers in self-renewal, pluripotency and differentiation processes.  In 
this study, the lectin profile of MSCs isolated from adipose tissue was detected and according to that, a subpopulation was determined. 
 Materials and Method: MSCs were isolated from adipose tissue by explanting of the tissue pieces. The FITC-conjugated lectins, WGA, UEA, 
PNA, BSA and PWM were used to detect the terminal sugar residues. The cells were then counterstained with DAPI. The intensity of the 
reaction was evaluated by ImageJ software. The cells were also stained with PAS method.
 Results: MSCs were reacted with all lectins with different intensity of the reactions.  The cells reacted with WGA, UEA, and BSA “strongly “and 
with PWM “moderately” and with PNA with “weak” intensity. The morphological analysis of the isolated MSCs revealed the existence of the 
two different cell types in the cultures. Two types of cells were detected according to nucleus size and lectin reactivity. The cells with large 
nuclei constitute 20.62% of the total cells and stained with significant more intensity by UEA and less intense with PWM (both P=0.014) and 
PNA (P=0.044). Flow cytometry with CD34 shows that these large cells were not endothelial cells.  
 Conclusion: The MSCs derived from adipose tissue seem to be a heterogeneous populations and lectin profile of the cells showed they are 
different in the expression of the glycoconjugates.  
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	 03-P552	 Innovative Gas Phase Sterilization System for Aseptic Cleanroom Operation

Toshihiko Okazaki
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Recently we have developed innovative technology as gas phase sterilization system based on a catalytic reaction mechanism by use of 
methanol to generate mixed biogas, which simultaneously achieve remarkable performance of nucleic acid decomposition, as well as 
sterilization effect (pat. 4292234, 5463378). We report here 1) overall view of the system, 2) results of both sterile assurance level and nucleic 
acids (DNA/RNA) decomposition ability. This system consists of a mixed biogas generator, a small experimental chamber and a scrub exhaust 
device for detoxification equipped with catalyst detoxification apparatus for safety. The system enables to make continuous monitoring of 
temperature and humidity as well as the hydrogen concentration and other biogas elements. Sterility assurance level (SAL) has been 
accomplished 10-6 within up to 5 minutes biogas exposure under 37℃ environmental temperature. This system shows a sterilization effect to 
cover a wider spectrum including Bacillus atrophaeus, Geobatillus stearothermophilus and B.subtilis var globigli. ii) The system achieved 
complete DNA/RNA decomposition performance even at 37℃, resulting in less than 10 base pairs, within up to 5 minutes gas exposure for 
dsDNA, ssDNA and RNA, exhibiting time-, temperature-, dose-, and phase- dependency. For safety evaluation, composition analysis of biogas 
samplings components was performed before and after catalyst detoxification treatment, and identified the concentration of several major 
components such as methanol (54,000 / <0.1; ppm), formaldehyde (98 / 2.3; ppm), carbon dioxide (3 / 8.7; ppm), oxygen (25 / 14; ppm), 
hydrogen (>2.0 / <0.5; ppm), etc, resulting that most exhausted biogas components have been eliminated through catalytic process, 
moreover, they reached into undetectable levels after scrubber process, suggesting no harmful gas components are diffused into environment 
by appropriate treatment for exhausted biogas. Therefore, this innovational gas phase sterilization system revealed to exhibit remarkable 
nucleic acid decomposition performance as well as rapid aseptic effect as sterility assurance level, 10-6, and will be highly useful for managing 
aseptic and virus free clearoom, contributing safety and quality management of manufacturing cell and gene medical products.
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	 03-P554	 Delayed fraction injection of PRP promotes autologous fat graft regeneration
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Background: The long-term retention rate of autologous fat grafts is a common problem in cosmetic surgery. The main reason is that the 
autologous adipose tissue after injection, early local inflammatory response and hypoxia-induced adipocytes and adipose-derived stem cells 
(ADSC) survival rate is not high.Then the number of newborn adipose tissue is insufficient, it is difficult to achieve long-term retention. After 
early inflammatory response, and then injection PRP into the grafted fat, which may be able to achieve a better effect of the regeneration of fat 
transplantation.
 OBJECTIVE: To observe whether delayed fraction injection of PRP can increase the survival rate of fat transplantation. Compared with 
traditional single PRP implantation, is it advantageous to promote fat regeneration?
 METHODS: The following four groups of fat grafts were injected into the back of 16 nude mice respectively: 1, saline mixed group (0.35ml fat 
+ 0.15ml saline); 2, PRP mixed group (0.35ml fat + 0.15ml PRP); 3, delaying the 7-day injection group (0.35ml fat + 0.15ml PRP day7); 4, 
delayed fraction injection group (0.35ml fat + 0.075ml PRP (day7) + 0.075ml PRP (day14) The animals were sacrificed at one month and three 
months after transplantation . The volume, weight and morphology of transplanted adipose tissue were compared. HE, CD31, perilipin and 
MAC1 / 2 were also observed to compare the structures, blood vessels, inflammatory reaction, newborn adipose tissue.
 Results: Compared with the saline injection group, the volume and weight of the transplanted fat in the PRP mixed group, the delayed 
injection group for 7 days and the delayed fraction injection group for 7 days were significantly higher than those in the saline mixed group , 
But there was no significant difference among the three groups. The degree of inflammatory reaction: MAC1 / 2 staining showed that the 
number of macrophages around the fat-mixed group was the highest, suggesting the highest degree of inflammation; vascularization: CD31 
results showed that the number of neovascularization in the delayed fraction injection group was the highest. The newborn adipocytes: 
perilipin staining showed that the number of surviving and new born adipocytes was highest in the delayed fraction injection group.
  Conclusion: Delayed fraction injection of PRP can improve the survival rate of fat transplantation; and compared with a single injection of PRP, 
can promote the regeneration of adipocytes.
 


