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Dr. Guoping Chen

Group Leader

Research Center for Functional Materials
National Institute for Materials Science, Japan
Professor

Faculty of Pure and Applied Sciences
University of Tsukuba, Japan

Prof. Guoping Chen received his Ph.D. from Kyoto University in 1997 majoring in Biomaterials
and did postdoctoral research until 2000. He became Researcher in 2000 and Senior Researcher in
2003 at Tissue Engineering Research Center, National Institute for Advanced Industrial Science
and Technology, Japan. He moved to Biomaterials Center, National Institute for Materials Science
(NIMS) as Senior Researcher in 2004 and was promoted to Group Leader in January, 2007. He
was Principal Investigator and Unit Director of Tissue Regeneration Materials Unit from April,
2011 to March, 2015; Principal Investigator, Field Coordinator and Unit Director of International
Center for Materials Nanoarchitectonics, NIMS from April, 2015 to March, 2017. He is also
Professor of Department of Materials Science and Engineering, Graduate School of Pure and
Applied Science, University of Tsukuba, Japan. His research interests include tissue engineering
and regenerative medicine, polymeric porous scaffolds, photothermal scaffolds, nanobiomaterials,
biomimetic biomaterials, nano/micro-patterning and surface modification. He has authored more
than 300 publications and holds 18 issued patents. He has given more than 140 plenary and invited
lectures at conferences. He is Associate Editor of Journal of Materials Chemistry B; Editorial
Board of Bioactive Materials, Journal of Bioactive and Compatible Polymers, Journal of Tissue
Engineering and Regenerative Medicine, Regenerative Biomaterials and Biomedical Materials;
Advisory Board of Biomaterials Science. He has been selected Fellow of the Royal Society of
Chemistry in 2015, Fellow of American Institute for Medical and Biological Engineering in 2017
and Fellow of International Union of Societies for Biomaterials Science and Engineering in 2020.

Some representative papers:

1). Biomaterials, 275, 120923, 2021. 2). Biomaterials, 271, 120751, 2021. 3). Acta Biomaterialia, 125,
100-111, 2021. 4). Biofabrication, 12, 025027, 2020. 5). Advanced Healthcare Materials, e200061, 2020. 6).
Acta Biomaterialia. 114, 158-169, 2020. 7). Biomaterials, 197, 317-326, 2019. 8). ACS Appl Mater
Interfaces, 11, 1932-1941, 2019. 9). Acta Biomaterialia, 67, 341-353, 2018. 10). ACS Appl Mater
Interfaces, 9, 35683-35692, 2017. 11) Advanced Healthcare Materials, 2017, 1700317 (1-12), 2017. 12).
Biomaterials, 133, 253-262, 2017. 13). Acta Biomaterialia, 35, 185-193 (2016). 14). Advanced Functional
Materials, 10.1002/adfm.201601585 (2016). 15). Biomaterials, 73, 23-31 (2015). 16). Biomaterials, 52,
199-207 (2015). 17). Biomaterials, 54, 226-236 (2015). 18). Acta Biomaterialia, 10, 2005-2013 (2014). 19).
Biomaterials, 34, 2472-2479 (2013). 20). Biomaterials, 33, 6140-46 (2012). 21). Biomaterials, 33, 2025-31
(2012). 22). Advanced Materials, 24, 4311-6 (2012). 23). Biomaterials, 32, 9658-66 (2011). 24).
Biomaterials, 32, 2489-99 (2011). 25). Advanced Materials, 22, 3042-47 (2010). 26). Biomaterials, 31,
5825-35 (2010). 27). Tissue Engineering, 16, 329-38 (2010). 28). Biomaterials, 31, 2141-52 (2010). 29).
Journal of Biological Chemistry, 284, 31164-73 (2009). 30). Biomaterials, 29, 3438-43 (2008). 31).
Biomaterials, 29, 23-32 (2008). 32). Advanced Materials, 19, 3633-36 (2007). 33). Biomaterials, 26,
2559-66 (2005). 34). Tissue Engineering, 10(3/4), 323-330 (2004) 35). Biomaterials, 22, 2563-67 (2001).
36). Advanced Materials, 12, 455-7 (2000).
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Functional Porous Scaffolds and Biomimetic Matrices for Tissue
Regeneration

Guoping Chen
Research Center for Functional Materials, National Institute for Materials Science,
1-1 Namiki, Tsukuba, Japan,

Porous scaffolds of biodegradable polymers and biomimetic matrices play an important
role in controlling cell functions and guiding new tissue regeneration. Many biodegradable
synthetic polymers such as PLLA and PLGA and naturally derived polymers such as collagen
and gelatin have been used to prepare porous scaffolds. Cell-derived extracellular matrices
have also been frequently used to prepare biomimetic scaffolds. We have developed a few
types of porous scaffolds by using biodegradable polymers and extracellular matrices. The
first type is porous scaffolds prepared with ice particulates. Funnel-like porous scaffolds were
prepared by using ice particulates as a template and had a unique pore structure with large
open pores on the top surface that communicated with interconnected inner bulk small pores.
The second type is composite scaffolds of synthetic polymers and naturally-derived polymers.
The composite scaffolds were prepared by forming collagen sponge or microsponges in the
openings of porous skeletons of mechanically strong synthetic polymers. PLGA-collagen
composite mesh, PLGA-collagen composite sponge and cylinder-type PLLA-collagen
composite scaffolds were prepared by this hybridization method and used for 3D culture of
chondrocytes for cartilage tissue engineering. The composite scaffolds combined the
advantages of both types of polymers. The third type is biomimetic ECM scaffolds prepared
from cultured cells. The ECM scaffold composition was dependent on the cell type and cell
phenotype that were used to prepare the scaffolds. Furthermore, multi-functional composite
scaffolds of biodegradable polymers and photothermal nanoparticles such as black
phosphorus nanosheets and gold nanoparticles were prepared by incorporating photothermal
nanoparticles in the porous polymer matrices. The composite scaffolds showed high
photothermal conversion efficiency. The excellent photothermal performance of composite
scaffolds was used for photothermal ablation of breast tumor cells. In vitro cell culture and in
vivo animal experiment showed that the composite scaffolds could effectively kill breast
tumor cells. The composite scaffolds could also promote adhesion, proliferation and
adipogenic differentiation of hMSCs. The results demonstrated that the composite
photothermal scaffolds had multi-functions for both photothermal ablation of breast tumor
and regeneration of adipose tissue.

Acknowledgments: The research was funded by Japan Society for the Promotion of
Science (JSPS) KAKENHI Grant Number 19H04475.
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1 Wei-Li Chen, MD, PhD
National Taiwan University Hospital
Department of Ophthalmology

Professor

BIOGRAPHICAL SKETCH

| am a MD, PhD, and a professor at the department of Ophthalmology, National Taiwan
University Hospital. My research majors in the clinical work and basic research in
cornea/cataract/ refractive surgery. | major in cataract surgeries, various corneal
transplantation techniques, refractive surgeries and handle difficult corneal disease. I  have
special interests in ocular surface disorders, stem cell therapy, corneal NV/nerve, corneal
imaging and various corneal surgeries. Currently, | am the leader of the “Advanced Ocular
Surface and Corneal Nerve Research Center” at my hospital. Recently, | am developing
submicron resolutional OCT for cornea and regenerative medicine, novel medicine for
corneal nerve regeneration, and novel ocular surface regeneration methods. Al with deep
learning is also my current research interests.
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From Good to Great---The Important Revolutions that Shaped the
Regenerative Medicine for Ocular Surface Diseases

MR Foit
E = %5 [EN S

ABSTRACT

Corneal epithelial stem cells are responsible for the maintenance of a healthy corneal surface.
A deficiency or lack of corneal epithelium renewal due to limbal stem cell deficiency (LSCD)
syndrome, may lead to severe visual impairments. In LSCD, the unstable ocular surface
causes recurrent corneal epithelial breakdown or nonhealing ulceration and vascularization
associated with chronic inflammation. Logically, the definitive treatment for medically
irreversible total and/or severe LSCD is the transplantation of limbal tissue or limbal
epithelial cells. There are various novel techniques developed to treat LSCD with variable
successful rate. However, no best strategies so far were found to treat all kinds of LSCD.

In this talk, I will first briefly introduce the published technique to treat LSCD, focusing on
cultivated limbal epithelial transplantation (CLET), cultivated oral mucosal epithelial
transplantation (COMET), Simple Limbal Epithelial Transplantation (SLET), etc. Later, |
will introduce my experience of treating patients with COMET and CELT under the GTP
regulation in Taiwan. Some interesting experience of autologous or allogenic SLET will also
been presented. Finally, I will introduce the current developing technique of simple oral
mucosal epithelial transplantation (SOMET), which combine the benefits of SLET and
COMET. With the aid of Rho kinase inhibitor (rho-associated protein kinase inhibitor or
ROCK inhibitor), the new developing techniqgue may make the regenerative medicine for
ocular surface diseases from good to great.
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Polyplex Nanomicelle Delivery of Self-Amplifying RNA Vaccine

Yi-Hao Chang!, Mei-Wei Lin*?, Ming-Chen Chien', Guan-Ming Ke®, I-En Wu?, Ren-Li Lin?,
Chin-Yu Lin*"and Yu-Chen Hu'>"
CEPE Y IFERTY

Abstract

Self-amplifying RNA (SaRNA) is a burgeoning platform that exploits the replication
machinery of alphaviruses such as Venezuelan equine encephalitis (VEE) virus or Sindbis
virus (SIN). SaRNA has been used for development of human vaccines, but has not been
evaluated for porcine vaccine development. Porcine reproductive and respiratory syndrome
virus (PRRSV) causes tremendous economic losses to the worldwide pork industry, but
current vaccines trigger delayed neutralizing antibody response and confer only partial
protection. Here we first compared two SaRNA systems based on VEE and SIN, and
demonstrated that in vitro transcribed VEE-based SaRNA conferred prolonged reporter gene
expression and RNA amplification in pig cells with low cytotoxicity, but SIN-based SaRNA
imparted evident cytotoxicity and limited gene expression in pig cells. Transfection of
VEE-based SaRNA that encodes the major PRRSV antigen dNGP5 (SaRNA-dNGP5)
conferred persistent expression for at least 28 days in pig cells. We next complexed
SaRNA-dNGP5 with the polyaspartamide block copolymer PEG-PAsp(TEP) to form
polyplex nanomicelle with high packaging efficiency and narrow size distribution. The
polyplex nanomicelle enabled sustained dNGP5 expression and secretion in vitro.
Compared with the commercial PRRS vaccine, nanomicelle delivery of SaRNA-dNGP5 into
animal models accelerated the induction of potent neutralizing antibodies with minimal side
effects, and elicited stronger IL-4 and IFN-y responses against homologous and heterologous
PRRSV. These properties tackle the problems of current vaccines and implicate the
potential of SaRNA-dNGP5 nanomicelle as an effective PRRS vaccine.

Keywords: Self-amplifying RNA, polyplex nanomicelle, vaccine, PRRSV, neutralizing
antibody
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Stimuli-Responsive Biomaterials for Engineering Spheroids
Masaya Yamamoto
Department of Materials Processing, Graduate School of Engineering, Tohoku University,

Sendai 980-8579, Japan
Email: masaya.yamamoto.b6@tohoku.ac.jp

Stimuli-responsive polymeric biomaterials have been widely investigated not only as
a drug carrier to enhance the efficacy of drugs in the body, but also as a material to be utilized
for stem cell culture as a tunable substrate. The physicochemical properties of the
stimuli-responsive polymeric biomaterials could be altered in response to an external
stimulus without cytotoxicity, such as temperature, light, magnetic field, chemical
compounds.

In this presentation, | will touch on two stimuli-responsive polymeric biomaterials for
engineering spheroids as a carrier for cancer drug delivery and a scaffold for tissue
engineering, respectively. One is a thermo-responsive nanoparticle of sulfobetain polymers as
an intracellular carrier being capable of cell membrane translocation for anti-tumor drugs.
Recently we found that the nanoparticle could also function as a tissue penetrating carrier for
anti-tumor drugs, which can suppress the growth of tumor spheroids. The other is a
sugar-responsive hydrogel scaffold that has been developed as a sacrificial template to
maintain spheroids in culture. Growth factors could be incorporated in the scaffold and
released in response to sugar-stimulation.

References:
1. N. Morimoto, M.Yamamoto, Biomacromol., 2020, 21, 5044-5052

2. K. Inoo, M. Yamamoto, Y. Tabata, J. Tissue Eng. Regen. Med, 2020, 14, 1050-1062.
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Allogeneic Mesenchymal Stem Cell (MSC) Therapy for Inmune &
Inflammatory Diseases: Advances & Challenges

B. Linju Yen, MD
Deputy Director,

Investigator & Attending Physician,
Regenerative Medicine Research Group,
Institute of Cellular & System Medicine,

National Health Research Institutes (NHRI),
Zhunan, Taiwan

Abstract

Mesenchymal stem cell therapy (MSCT) for immune and inflammatory diseases
continues to be popular based on progressive accumulation of preclinical mechanistic
evidence. This has led to further expansion in clinical indications from graft rejection,
autoimmune diseases, and osteoarthritis, to inflammatory liver and pulmonary diseases
including COVID-19 [invited review: Yen et al, Stem Cells Transl Med 2020]. A clear trend is
the shift from using autologous to allogeneic MSCs, which can be immediately available as
off-the-shelf products, as well as a shift away from using bone marrow MSCs, the site of first
isolation, to other tissue/organ sources of MSCs. In addition, new products such as cell-free
extracellular vesicles/exosomes and human pluripotent stem cell (hPSC)-derived
MSCs—including MSCs derived from induced pluripotent stem cells (iPSCs)—are exciting
developments to further prevalent use [invited review: Wang et al, Stem Cells Transl Med
2021]. Increasing numbers of trials have now published results in which safety profile of
MSCT has been excellent. While reports of therapeutic endpoints are still emerging, efficacy
can be clearly seen for specific indications—including graft-vs-host-disease, strongly
Th17-mediated autoimmune diseases, and osteoarthritis—which are more robustly supported
by mechanistic preclinical evidence. Data is also emerging on functional differences found
with different sources of MSCs [invited review: Yen et al, FEBS J in revision]. With its
excellent safety profile, multilineage differentiation capacity, and strong immunomodulatory
properties allowing for unmatched/3™ party use, MSCT is one of the most versatile cell types
for therapeutic use.
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Regenerative Medicine in Dentistry

Min-Huey Chen
1. Postgraduate Institute of Clinical Dentistry
School of Dentistry, National Taiwan University
2. Department of Dentistry, National Taiwan University Hospital

Due to the development of regenerative medicine, the application of stem cells, growth
factors and biomaterials for tissue regeneration had been widely investigated. In our
previous study, tooth regeneration with complete root formation including dental pulp, dentin,
cementum and periodontal ligaments in mini pigs had been demonstrated by isolating and
loading the tooth germ cells in gelatin-ch ondroitin-hyaluronan-tri-copolymer scaffolds. In
addition, the interactions of tooth germ cells with biomaterials had also been investigated. We
found that tooth germ cells were suspended and formed cell spheroids on polyvinyl alcohol
(PVA). Our results indicated that spontaneous aggregation of three dimensional tooth germ
cell spheroids on polyvinyl alcohol (PVA) were with higher differentiation potential. By
comparing with/without dental pulp stem cells in 3D printed polylactic acid scaffolds had
been tried for tooth regeneration in adult dogs. It was found that the mineralization effects
with dental pulp stem cells were higher than the group without dental pulp stem cells.

Chjartacterization of designed directional polylactic acid 3D scaffolds for neural
differentiation of human dental pulp stem cells had also been investigated. It was concluded
that 3DP-PLASs with 150 um gaps can induce cellular orientations more easily than those
with 200 um gaps. In addition, 3DP-PLASs seem to improve cell adhesion after being coated
with poly-I-lysine or soaked with alcohol.

For salivary gland regeneration, by transplantation of bone marrow stem cells or acinar
like cells into the irradiated mice with damaged salivary glands, the body weight, glands
weight and saliva production of the mice were shown to be increased and closed to normal
control. It was found that cell therapy with BMMSCs for salivary gland regeneration is
possible.

Key words: dental pulp stem cells, tooth regeneration, neural regeneration, salivary glands
regeneration
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3D Patterning of Growth Factor Incorporated Hydrogel Complex to
Regulate Tissue Regeneration

Jeong Ok Grace Lim
Biomedical Research Institute, Kyungpook National University Hospital and School of Medicine
130 Dongdeok-ro, Jung-gu, Daegu, South Korea

jolim@knu.ac.kr

The effective treatment of both acute and chronic wounds remains a major clinical
challenge. Thus, it is highly demanding to develop wound dressings that not only function
as protective barriers but also facilitate rapid wound closure to promote wound healing,
reduction of scar formation and acceleration of angiogenesis. Numerous innovative
dressing materials such as alginate, collagen, and hydrogels that possess wound healing
properties have been developed and used to prevent infection and promote skin
regeneration. For acceleration of angiogenesis at wound sites for successful wound repair,
the most potent pro-angiogenic agent, vascular endothelial growth factor (VEGF) is widely
used for the therapeutic stimulation of blood vessel growth. As reported recently, a small
peptide, VEGF-mimicking sequence, mimics the helical region of VEGF, simulating
VEGF’s biological activities. In addition, fast development of 3D structure printing is a
promising new technology. The high precision in producing the desired size and porosity
together with its relative ease of operation facilitates extensive application in tissue
engineering and regenerative medicine owing to tremendous potential to print tissue
constructs.

In this study, we formulated a novel hydrogel complex composed of GelMA, hyaluronic
acid (HA), glycerol, and VEGF peptide and further fabricated the complex hydrogel to
dressing patch using 3D printing technology, and investigated its potential as an effective
wound dressing patch including its structural characteristics, morphological stability, water
absorbency, porosity, mechanical properties, and biological properties. The wound healing
capacity of the VEGF-hydrogel patch was evaluated in vitro and in vivo using a pig wound
model. The 3D structure of the hydrogel patch had high porosity, interconnectivity and
water absorption properties. VEGF peptide incorporated to hydrogel patch, which released
for a prolonged period of weeks, promoted cell viability, proliferation, and tubular
structure formation. The use of the 3D printed VEGF hydrogel accelerated wound repair
and remodeling by promoting ECM synthesis and angiogenesis at the wound site.
Therefore, these findings suggest that 3D patterned hydrogel patch containing the VEGF
peptide is a promising wound dressing.

Keywords: 3D printing, hydrogel, VEGF, wound dressing, skin regeneration
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Regenerative Medicine in Rhinology
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The nasal epithelium of human comprises 90% respiratory epithelium and 10%
olfactory epithelium. The respiratory epithelium, which is composed of the ciliated epithelial
cells, the mucous blanket, and the mucus-producing glands, is an important defense
component of the respiratory system. Clinically, patients suffering from extensive surgical
defect of respiratory mucosa always have symptoms of mucus stagnation, persistent nasal
crusting or an unpleasant odor. These problems are attributed to the absence of mucociliary
clearance and would be fixed if the ciliated columnar epithelium could be regenerated.
Regeneration of respiratory epithelium is an alternative strategy for these patients. Olfactory
dysfunction significantly influences patients’ life quality, inclusive of feeling of flavors,
appetite and even ability to the around environmental hazards. The olfactory neuroepithelium,
which comprises specialized olfactory glands and olfactory receptor neurons surrounded by
their olfactory ensheathing cells, has the unique ability of continual neurogenesis in
peripheral neuron system of adult mammals. Glycosaminoglycans are abundant in the native
olfactory neuroepithelium of rats and given a role in cell differentiation and axon guidance.
Chitosan has been demonstrated to promote differentiation of olfactory receptor neurons and
the regulatory pathway is through increasing IGFBP2 to sequestrate the IGFs-type 1 receptor
signaling. Chitosan also regenerates olfactory neuroepithelium in the olfactory dysfunctional
rats induced with 3-MI. Chitosan not only promotes olfactory receptor neurons maturation,
but also suppresses apoptosis of olfactory receptor neurons, which is a potential agent for
treating olfactory dysfunction in the future.
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Hyaluronic Acid Nanoparticles with Novel Peptide Loading for Corneal
Neovascularization
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Introduction : Corneal is a transparent structure without blood vessel distribute that covered

anterior surface of the eye. Corneal neovascularization (CNV) is one of the most common
disease happened on the cornea surface causing by the proliferation of the blood vessels from
the corneal edge. We had discovered a novel peptide (pep) that can distribute VEGF signaling
to inhibit angiogenesis. Hyaluronic acid (HA) is a negatively charge material that normally
presence in cornea and highly-biocompatibility. By self-assembling mechanism of HA to
form positively charge nanoparticles (HA-pep NPs), we combined the advantage of its great
capacity and retard the distribution of drug on the eye surface by surface charge attraction to
investigate its efficiency.

Materials and Methods : HA-pep NPs had been characterized by DLS, TEM, NTA, FTIR,
and DSC to make sure the size, intensity, zeta potential, functional group, and the strength of
structure. The release ratio and encapsulation efficiency of peptide in nanoparticles had also
been by drug release and protein assay. For the in vitro measurements, human umbilical vein
endothelial cells (HUVECSs) were used to observed the uptake of nanoparticles into cells in
the beginning and the viability of cells were tests by CCK-8 assay. Then, the investigation of
whether novel peptide has the anti-angiogenesis function of vessel cell growth was measured
by cell migration and tube formation. In animal trial, C57BL/6J mice were used to construct
the angiogenesis animal model by chemical burn and evaluate the treatment effectiveness by
grading its neovascularization and burn stimulus. Moreover, we will test for the retention
time by IVIS and the angiogenesis pathway by western blotting of HA-pep NPs. The
histological examination had been observed by H&E staining.

Results : HA-pep NPs was prepared with the size of 268.433 + 7.124nm, and zeta potential
was 17.978 + 0.776 mV. We also confirmed that the encapsulation rate of gp91 in the NPs
was around 92.953 + 0.718 % and TEM images showed that these particles had spherical
morphology and peptide separate evenly in the nanoparticles NTA result showed the
concentration of nanoparticles was 1.39 = 10'° +4.7 « 10° /1 mL. The structure of the
functional groups and the combination of HA-pep NPs were characterlzed by FTIR and DSC.

Result of drug release test showed the slow and stable release ratio of HA-pep NPs. Moreover,
by the uptake intensity and figure indicated that HA-pep NPs had good uptake property, than
confirmed the most appropriate drug given concentration by cell viability test. The effect of
blood vessel inhibition had been proved by cell migration and tube formation assays. At last,
we combined FITC fluorescent on peptide to prepare HA-pep NPs on the mice eyeball
surface to track the drug retention. Result of H&E staining showed the curation of HA-pep
NPs.
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Discussion : The diameter of HA-pep NPs showed similar in DLS, TEM, and NTA. It has
highly encapsulation efficiency due to the self-assembling mechanism. The result of cell
migration and tube formation showed the potential of HA-pep NPs in appropriate
concentration of peptide loaded nanoparticles. At last, the result of in vivo neovascularization
animal model echoes with in vitro tests. H&E staining of tissues also showed that the
integrity of HA-gp91 NPs group was closest to normal cornea.

Conclusions : We had successfully prepared HA-pep NPs with stable properties. Both in vivo
and in vitro results had shown a good angiogenesis inhibition. This study points out the
therapeutic effect of HA-pep NPs on corneal angiogenesis.
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Injectable Hyaluronic Acid Gel with Epigallocatechin Gallate Addition for being
Vitreous Substitutes

Mirdl BB Z ¥R thgwm!?
Rt B EFERFLFRFF 1 o7t
PAFE TS FHPTEeR ] 0

Introduction : There are many eye diseases associated with vitreoretinopathy, such as retinal
detachment, etc., which need to be treated by vitrectomy; hyaluronic acid (HA) hydrogel, the
major component in vitreous was used as vitreous substitutes. However, inflammation after
surgery usually causes complication or failure. Therefore, the natural tea extraction
epigallocatechin gallate (EGCG), was added to the hydrogel as substitute for the inhibition of,
inflammatory after vitrectomy. The butanediol diglycidyl ether (BDDE) was added to
cross-linked HA to prepare vitreous substitute. This HA-BDDE cross-linked hydrogel with
EGCG addition were designed and synthesized, and application as vitreous substitute were
studied.

Materials and Methods : We used FTIR and 1H-NMR to test the change of hydrogel
components change after cross-linking and EGCG addition. And detect the residual amount of
cross-linking agent BDDE. The refractive index, viscoelasticity and osmotic pressure, and
degradation rate of hydrogel were treated. For in vitro part, WST-1 and Live/Dead staining were
used to determine the cytotoxicity and cell viability of the hydrogel, and then the cells were
stimulated by lipopolysaccharide (LPS) induced inflammation condition for evaluating the
anti-inflammatory effect of the hydrogel. Real-time quantitative reverse transcription
polymerization (RT-gPCR) was used to determine changes of inflammatory genes in cells. For
in vivo test part, vitrectomy was performed and the substitute for this experiment was injected
into rabbit’s vitreous; then, intraocular pressure and corneal thickness were measured. The
electroretinogram (ERG) was used to test retinal function. And observe the structure and
inflammation of the eye by histological examination.

Results : In this experiment, a transparent and easy-to-inject hydrogel was successfully prepared.
The residual amount of BDDE met the safety standards. The physicochemical properties of the
hydrogel were very similar to those of the native vitreous body. It has a long degradation time
and can maintain the filling effect after surgery. In vitro experiments confirmed that the material
has good biocompatibility, and the addition of 50 uM EGCG has the effect of inhibiting
inflammation; In vivo experiments used 50 uM EGCG as the benchmark to mobilize three
concentrations of low, medium and high doses. Complete excision of vitreous humor diluted
EGCG can play an anti-inflammatory effect, and the results showed that injection of a substitute
containing 50 uM EGCG had a better replacement effect. There was no significant change in
intraocular pressure and corneal thickness after surgery, and the amplitude of retinal electrical
signals was also similar as normal. No significant difference after surgery for week.

Discussion : In this experiment, we used BDDE to cross-link HA to solve the problem of
premature degradation, and added EGCG to reduce the problem of possible inflammation after
surgery, and confirmed that there is no residual cross-linking agent.
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Conclusions : We have successfully prepared a transparent and easy-to-inject hydrogel, which

is similar to the natural vitreous in physicochemical properties, and proved to have good
biocompatibility in in vitro experiments and anti-inflammatory effects in in vivo experiments.
An injectable BDDE crosslinked HA mixed with EGCG as a vitreous substitute with
appropriate physical properties and inflammation inhibition for vitrectomy was proofed in this

study.
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The Synthesis of Europium-Doped Calcium Carbonate by an Eco-Method as Free
Radical Generator Under Low-Intensity Ultrasonic Irradiation for Body Sculpture
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Introduction : Over the last decade, ultrasound has been developed to a commercial set in
plastic surgery as physical lipolysis for body sculpture by specific ultrasonic parameters to
break down fat tissue around the patients’ waist. The study was firstly to synthesize a
high-sonoluminescent europium-doped calcium carbonate (CaCOs: Eu) particles by a new
developed method. The combination of sonoluminescent CaCOs: Eu and low-power
ultrasound would generate reactive oxygen species (ROS) to damage the adipo-tissue under
the stress of free radicals.

Materials and Methods : In this research, a sonosensitizer of CaCOsz: Eu would be
synthesized by an eco-method and combined with low-intensity ultrasound for lipolysis. The
crystal structure of was identified by XRD. The particle size was determined by Zeta-sizer.
WST-1 were used to evaluate the cell viability. CM-H.DCFDA and Live/dead stain were used
to evaluate feasibility in vitro. SD rat was used to evaluate the safety and efficacy in vivo.
Results : The crystal structure was identified by XRD, which was matched with the standard
pattern of calcite CaCO3. The average particle size of CaCO3: Eu was 2.1 um, which fall in
the range of optimum particle size for cellular endocytosis (0.5-10 pm). CaCO3: Eu had good
biocompatibility and could produce ROS after treated with low-intensity ultrasound. The
animal experiments showed that the injection of acoustically sensitive materials in animals
and the effects of ultrasound of the rats are safe, and does not affect the physiological
condition and organs of the rats by the ultrasound effect. After 4-weeks, the CaCO3: Eu
exposed to ultrasound irradiation on SD rats could significantly decrease body weight,
waistline, and subcutaneous adipose tissue.

Discussion : we used Eu-doped calcium carbonate as sonodynamic reagent to combine with
ultrasonic irradiation for body sculpture. Compared to Ca ions, the doped Eu ions can obtain
additional electrons, which creates a new energy level near the conduction band to reduce the
energy gap effectively. This makes the sonosensitizer more susceptible to ultrasonic
irradiation and stimulates the generation of singlet oxygen and ROS in adipocytes for
increasing the effective on lipolysis.

Conclusions : The combination of the developed Eu-doped CaCOs and low-intensity
ultrasound could effectively inhibit the adipogenesis without skin burning and charred
sounding tissue; that would be a mild and non-invasive treatment for the body sculpture.
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Platelet Derived-extracellular Vesicles as Nanocarriers for Carrying
Anti-Angiogenetic Agent for Treating Vascular Endothelial Cells and its
Mechanism Study
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Introduction : The physiological nanoparticles, extracellular vehicles, are released from the
cellular membrane when various types of cells undergo activation or apoptosis._Platelet—derived
extracellular vehicles (P-EVs) are recently get attention as cargoes for drug delivery applications.
Due to their lipid bilayer membrane and nano-sizes, they can be easily uptaken by cells, thereby
increasing the bioavailability of therapeutic agents. However, vascular endothelium growth
factor (VEGF) in the P-EVs may promote angiogenesis. This study uses P-EVs as a drug carrier
for anti-angiogenesis application. Therefore, an anti-angiogenetic agent, kaempferol (K), with
anti-angiogenetic and anti-inflammatory capacity was chosen for loading in P-EVs for drug
delivery system.

Materials and Methods : P-EVs were separated and purified from blood. Then the P-EVs with
or without K loading were examined by dynamic light scattering (DLS) to acquire their particle
size and charge-ability. A transmission electron microscope (TEM) was used to observe the
morphology of particles. The particle numbers in the solution were checked using nanoparticle
tracking analysis (NTA). To confirm the drug release rate, high-performance liquid
chromatography (HPLC) was utilized. The human umbilical vascular endothelial cells
(HUVECS) were used for in vitro tests. After HUVECs were treated with P-EV and P-EV-K, the
anti-angiogenesis/anti-inflammation gene expression was analyzed using reverse transcription
real-time polymerase chain reaction (RT-PCR).

Results : When P-EV with K loading, the size is around 158.5 nm, with zeta potential at -13.0
mV. The morphology observation under TEM was spherical. The cell tube formation tests
revealed that P-EV-K has the ability to inhibit the tube formation, and P-EV-K at 1% (P-EVs
4.85%108 particles/mL + K at 6 g/mL) is the concentration with the highest inhibitory effect.
Compared to free kaempferol, P-EV-K possesses a slower and more stable drug release rate
during 24 hrs.

Discussion : The P-EV with/without K loading has no difference in size. P-EV-K at 1% P-EVs
(4.85*108 particles/mL + K at 6 g /mL) is the concentration with the highest inhibitory effect
of HUVECs cell functions. Compared to free kaempferol, P-EV-K has a more stable and
slow-release rate. Subsequent analysis will determine gene expression by RT-gPCR and by
western blot to identify protein expression as validation.

Conclusions : The P-EV with K loading can inhibit the cell functions of HUVECSs. The detailed
signaling pathway influenced by P-EV, free drug (K), and P-EV-K treated HUVECs will be
studied in the future by using RT-PCR and western blot.
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The Roles of Src and PKCC in Piezoelectric Stimulations of Chondrocyte Aggregation
and Rearrangement
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Introduction : The clinical use of ultrasound in bone fracture healing is FDA approved. Studies
have shown that the use of low-intensity pulsed ultrasound can induce the regeneration of
cartilage and tendon tissue. The skeletal system consists of aligned collagens, which are
piezoelectric materials. Since ultrasound and piezoelectric effects are difficult to be separated in
the in vivo experiments, the question of whether ultrasound therapy stimulates the regeneration
by its own or by piezoelectric effects is never asked. We previously showed that piezoelectric
stimulation (PE) can cause cell aggregation of bone marrow stem cells (ref), which is
significantly different from the ultrasound stimulation (US) and the control. In this study, we
demonstrate that PE stimulation causes a cell rearrangement through Src and PKC( signaling.
Materials and Methods : In the experiment, the ultrasonic stimulation device (LIC) developed
in our laboratory was used for ultrasonic and piezoelectric stimulation. Ultrasonic wave and
piezoelectric stimulation are generated on glass and quartz slide respectively. Quartz is a
piezoelectric material. Mechanical vibration on the quartz slide causes microscopic deformation,
thus generates electric field. The similar vibration on a glass slide only results in lamb wave,
providing acoustic field stimulation. Based on these understanding, we designed our
experiments comparing the cell orientation, the ciliary positions and the cell sizes in the control
chondrocytes to those stimulated by PE or US.

Results : In the control chondrocytes, the orientation and the ciliary positions were randomized.
US stimulated cells showed no significant difference to the controls while PE stimulation
polarized the ciliary positions and results in cell rearrangement. There was also a significant
reduction in cell size.

Since the ultrasound stimulation of bone fracture healing is attributed to integrin signaling,
and since Src kinase is a key regulator in integrin signaling, we asked whether Src kinase is
required in the PE stimulated cell rearrangement of chondrocytes. Indeed, the inhibition of Src
kinase activity disrupted the polarization of ciliary position relative to the front rear direction of
the cells as well as disrupted the rearrangement of the cells. However, Src inhibition did not
reverse the PE induced cell size reduction.

PKCC( is involved in the regulation of cell polarity. Hence, we tested whether PKC( inhibition
can also abolish the cell rearrangement induced by PE. As expected, the inhibition of PKC( also
abolish the cell rearrangement but not affecting the PE effects on cell size.

Discussion : Both Src inhibitor and PKC( inhibitor can abolish chondrocytes rearrangement
induced by PE, indicating the roles of Src and PKC in the PE induced cell signaling. We will
be interested to test whether these two molecules are acting in parallel or they are functioning in
sequential manner. Thus, we will design experiments to test the relationship between Src and
PKCC in this context.

Conclusions : Piezoelectric stimulation induces a signaling event in the chondrocytes that leads
to the regulation of polarized ciliary position and cell rearrangement. The signaling is most
likely mediated by Src and PKC( activities.  (ref : Ya-Cherng Chu et al., (2020). JASA 148,
EL58.)
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Single-cell Transcriptomic Analysis of Cellular Heterogeneity and
Interaction in Mouse Cornea
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Introduction : Reconstruction of single-cell transcriptional profiling has greatly advanced our
understanding of cellular heterogeneity in recent years. Mouse cornea cellular heterogeneity
remains unexplored at the single-cell level. In this study, we analyze diverse cell subtypes and
their interaction in mouse cornea using the single-cell RNA-seq.

Materials and Methods : Corneas were harvested from eight-week-old C57BL/6J mice. To
collect whole cell populations, corneal epithelium and corneal stroma/endothelium were isolated
separately. After digestion buffer incubation, live single cells were sorted using FACSArialll
(the Flow Cytometric Analyzing and Sorting Core Facility, NTUH). Corneal epithelium and
corneal stroma/endothelium were then pooled together at the ratio of 1:1 before being loaded on
the 10x chip. The gel bead-in-emulsion (GEMSs) generation, barcoding, post-GEM-RT cleanup,
cDNA amplification, library preparation, and sequencing were performed at the Sequencing and
biochemistry core, NTUH. The bioinformatic analysis, including mapping, quality control,
trajectory, and cell-cell interaction, was performed by R package through the Sequencing and
biochemistry core, NTUH.

Results : scRNA-seq generated 18,912 cell profiles isolated from a total of 40 corneas. UMAP
analysis revealed 12 distinct cell clusters. Further identification showed that these 12 cell
clusters correspond to 4 main groups, including corneal epithelium, stroma, corneal endothelium
and monocytes/macrophages. Trajectory inference allowed analysis of the differentiation
direction in corneal epithelium, stroma and endothelium. We also mapped intercellular
communication to decipher regulatory signaling in the physiological state.

Discussion : We provided comprehensively mouse corneal transcriptomics. We will integrate
these data with 3D whole cornea images to explore the spatial distribution of cellular diversity.
Conclusions : Our data provide the single-cell transcriptional landscape and cell-cell interaction

of the adult mouse cornea
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Cell Morphological Responses to Mechanical Stress: Nucleus Pulposus cell in
3D-culture of TYPE I Collagen and Hydrogel
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Introduction : There is currently no effective therapy for the degeneration of intervertebral disc

(VD) and especially that of nucleus pulposus (NP). NP cell proliferates slowly and cannot be
regenerated in the adult animals. When being seeded in traditional 2D cultures, NP cells
demonstrate phenotypic transformations for not being surrounded by proper extracellular matrix
or accurate arrays of cell types. To better understand the mechanobiology of the degeneration,
we used TYPE I collagen and Hydrogel, to set up 3D cell cultures that resemble physiological
conditions. In this study, we aim to generate an injury model to study the cell responses to
compression and puncture. We also compare the responses to ultrasound stimulations. In
addition, we characterize the difference between injury without treatment and with ultrasound
stimulations.

Materials and Methods : In this study, the NP cells were cultured in 3D collagen or hydrogel.
We characterized the morphological difference of NP cells in these cultures. Subsequently, we
used the customized chamber to ultrasonically stimulate the NP cells, in order to compare the
mechano-responses of the NP cells in 2D and 3D cultures. To set up an in vitro injury model for
NP cells, we mimic the disc damage by creating wounds in the 3D cultures and characterize the
responses of the cells by immunofluorescent stainings of cytoskeletal and ciliary markers.
Results : We successfully set up the 3D cell culture. NP cell is spherical in the 3D structure,
resembling their original shape in the 1VD rather than fibroblast-like in the 2D structure. We
found that p-PKCz translocated to the cilia, labeled with K40 acetylated tubulin, 24hr after 1
minutes of ultrasound stimulation. The sub-cellular localization of p-PKCz in the 5-minute,
30-minute, 1-hour time points is not significantly different from the controls. On the other hand,
we generated compressional and puncture wounds in the hydrogel culture. During the 7-day
after injury, we found that the cells change from the original spherical shape to the elongated
spindle shape, and the cells also aggregate tangentially to the force inflicted upon injury.
However, the morphological changes only occur at the wound site. The cells remain spherical in
the other areas.

Discussion : p-PKCz is involved in the regulation of cell polarity. Interestingly, the translocation
of p-PKCz into cilia is not an immediate response. The immediate mechano-signaling remains to
be discovered. In our in vitro injury model, NP cells undergo morphological changes. There are
numerous studies showing NP cells undergo possibly similar morphological changes during IVD
degeneration. This model can be used for further study of how NP cells degenerate and whether
ultrasound stimulations can ameliorate the degeneration or even induce regeneration.
Conclusions : In this study, we successfully used hydrogel and collagen to generate a 3D cell
model for NP cells. This model enables us to ask more questions concerning molecular
mechanisms of NP degeneration to develop the beneficial mechanical stimulations using
ultrasound settings to maintain the properties of healthy NP.
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Involvement of Conserved Pathways in
3-Dimensional (3D) Sphere Formation in Diverse Stem Cell Types
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Introduction : 3-dimensional (3D) culture for spheroid formation are a novel cell culture system
used to better mimic physiological states. However, the biological consequences of 3D spheroid
formation are significantly different for diverse cell type. For embryonic stem cells (ESCs)
which are pluripotent stem cells, spheroid formation—termed embryoid bodies (EBs)—mimics
the natural process of embryo development, and result in loss of pluripotency with a
concomitant occurrence of differentiation and lineage commitment. In contrast, spheroid
formation in somatic cell types may allow for selection of higher ‘stemness’ possessing cells, i.e.
selection of somatic stem cell (SSC) population as has been done with neural stem cells and
mammary stem cells. Despite these different biological outcomes, there may be a “core process”
governing the ability for 3D sphere formation since all these diverse stem cell types are capable
of 3D sphere formation.

Materials and Methods : We performed transcriptome analysis on conventionally 2D- and
3D-cultured spheroids ESCs and SSCs to elucidate conserved processes/pathways involved in
3D spheroid formation of diverse stem cell types.

Results : Pluripotency markers such as Oct4, Sox2, Nanog, & KIf4 were significantly
down-regulated in ESCs after 3D sphere formation, as expected; however, these 4 markers were
not significantly upregulated in somatic cells after spheroid formation. Convergent processes for
both ESCs and SSCs include hypoxia and cell cycle arrest. Other highly convergent pathways
include metabolism and oxidative phosphorylation.

Discussion : While 3D spheroid formation is a process for lineage differentiation in ESCs, for
SSCs it is a strategy to maintain stemness. But we found a number of conserved
processes/pathways involved in 3D formation of diverse stem cell types, including cell cycle
arrest, hypoxia, metabolism, and oxidative phosphorylation.

Conclusions : Our data implicates pluripotency, hypoxia, and cell cycle arrest are not playing a
vital role in 3D spheroid formation across diverse cell types. One metabolism pathway mediate
spheroid formation via cytoskeleton rearrangement.
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Manipulation of Inherent Niches in 3D MSC Spheroids Improves
Therapeutic Potential
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Introduction : Mesenchymal stem cells (MSCs) that derived from various human tissues have
been widely used in cell therapy and regenerative medicine. Transplantation of MSCs not only
serves as cell replenishment but also MSC secretome improves therapeutic potential during
tissue regeneration. Compared to conventional culture, three dimensional (3D) multicellular
spheroids configuration, MSCs exhibit native tissue-mimicking feature due to substantial
cell-cell and cell-matrix interaction, thus considered as a potential implantable regenerative
building blocks for stem cell therapy. Different inherent niches in 3D MSC spheroids will
further improve their therapeutic potential.

Materials and Methods] : 3D MSC spheroids were prepared by using 12 % methylcellulose
(MC) hydrogel which was prepared in phosphate buffered saline (PBS). After autoclaving, the
sterilized MC solution was coated at 96-well culture plate. Desired MSC cell densities are
seeded on MC-coated plate and cultivated for 24 h. 3D MSC spheroids morphology and
immune-stained extracellular matrix (ECM) components were imaged by using phase-contrast
microscope and confocal laser scanning microscope, respectively. Cell viability was detected by
SYTOX Green staining. Metabolic reconfiguration, pro-regenerative signaling molecules and
immunomodulatory factors of related genes are detected by Real-Time Quantitative Polymerase
Chain Reaction (gPCR).

Results : We found that 3D MSC spheroids size affect MSC paracrine molecules signaling and
immunomodulatory enzyme level which have the most abundant level at 3D MSC spheroids
prepared by 40,000 cells per well. Besides that, 3D MSC spheroids culture period affects their
viability and therapeutic potential. After 3-day cultivation, 3D MSC spheroids lead to cell death
in the spheroid core and metabolic reconfiguration and autophagy are activated. However, we
found that hypoxic niche development in 3D MSC spheroid is not the major component for its
enhanced therapeutic potential.

Discussion : It is important for MSCs to be cultivated in a 3D niche for significantly enhanced
therapeutic potential in terms of paracrine signaling and immunomodulatory activity. By
optimizing cultivation parameters of 3D MSC spheroids, inherent niches could be modulated
and further promote therapeutic capacity by activating the expression of pro-regenerative
paracrine molecules and immunomodulatory factors. In the present study, MSC spheroids that
were assembled by 40,000 cells and cultivated for 2 days showed the best therapeutic potential.
Conclusions : We expect that our findings can serve as guidelines for the future design of 3D

MSC spheroids for cell-based therapies by providing a new insight into the mechanisms for the
enhanced therapeutic benefits.
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Rapid and Precise MSC Chondrogenesis is Achieved Through Increasing Adherens
Junctional N-cadherin-@-catenin Interactions and Restricting Off-target Lineage
Commitment
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Introduction : Human mesenchymal stem cells (MSCs) are easily accessible cell sources for
tissue engineering of cartilage, a tissue without the capacity for regeneration or repair but often
injured in activity and with aging. However, the most common molecules currently used for
chondrogenic differentiation are TGFB1 and TGFp3, growth factors we found to induce
off-target lineage specification towards smooth muscle and osteogenic lineages. In this study, we
demonstrate a precise and efficient approach to induce chondrogenesis in human MSCs from
multiple sources including induced pluripotent stem cell (iPSC)-derived MSCs, by antagonism
of Wnt-B-catenin signaling and in the absence of TGEp.

Materials and Methods : Small-molecule Wnt modulators were applied during MSC
chondrogenic differentiation in the presence or absence of TGFB. Expression of
glycosaminoglycans and chondrogenic mRNAs/proteins were examined to evaluate
chondrogenic capacity. Transcriptomic analyses of human primary MSCs, chondrocytes, and
osteoblasts were used to validate the relevance of Wnt antagonism for MSC chondrogenesis.
Results : Compared to TGFP, Wnt/B-catenin antagonism more rapidly induced MSC
chondrogenesis without eliciting off-target lineage specification towards smooth muscle or
hypertrophy; this was mediated through increasing N-cadherin levels and [-catenin
interactions—key components of the adherens junctions (AJ)—as well as increasing
cytoskeleton-mediated condensation. Validation by transcriptomic analysis of human
chondrocytes compared to MSCs and osteoblasts showed significant downregulation of
Wnt/B-catenin signaling along with upregulation of a-catenin-related processes and integral to
the AJ.

Discussion : Our study revealed that off-target lineage specifications induced by TGFB may
contribute to a lower chondrogenic differentiation efficiency and be responsible for ossification
and/or fibrosis. Expression of N-cadherin, and interactions between N-cadherin and -catenin by
Whnt antagonism imply that Wnt/B-catenin antagonism can increase N-cadherin levels and cell
condensation, both critical processes for chondrogenesis.

Conclusions : Our findings underscore the importance of structural modification and
understanding of developmental pathways along with use of small molecules in achieving
precise and efficient MSC chondrogenesis for translational application.

47



EIPFLBRIS ANE E
2022 & AR L FHE § G
2022/03/19

P-11

MR REEW RS2 UORAENCA L i B iR & BRI e A Jf L B B F 2
The Effect and safety of Xenogenic-free Collagenase Assistant Cultivate Oral Mucosal
Epithelial Tansplantation (CA-COMET) for the Treatment of Limbal Insufficiency
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Introduction : Bilateral total limbal stem cell deficiency (LSCD) may cause poor visual
outcome due to corneal conjunctivalization, fibrosis, and poor corneal epithelialization. COMET
has been used to treat LSCD. In traditional COMET protocol, dispase Il/trypsin-EDTA was used
to isolate oral epithelial stem cells and degrade epithelial basement membrane. 3T3 mouse
fibroblasts were required for further epithelial cell expansion as feeder cells. Collagenase, a
replacement of dispase Il/trypsin-EDTA in isolating epithelial stem cells, may preserve niche
environment for epithelial stem cells, and provides a way of oral mucosal epithelial stem cell
culturing without feeder cells.

To report the effect of collagenase assisted cultivate oral mucosal epithelial tansplantation
(CA-COMET) for the treatment of limbal insufficiency

Materials and Methods : We used collagenase to replace dyspase Il/Trypsin-EDTA in the
culture of oral mucosa epithelial cell sheets on amniotic membrane without the need of feeder
cells. The quality of CA-COMET cell products were verified by cell morphology, cell growth
rate, infection and endotoxin tests. The successful cultured cell products were transplanted to
patients’ ocular surface after removal of abnormal fibrovascular tissue on corneal surface and
release of symblephraon. Each patient was regularly followed-up for 20-28 months.

Results : The cell products of CA-COMET demonstrated satisfactory quality for transplantation
in all four cases. After transplantation, clinical outcomes of four patients showed smooth
post-operative results without recurrence of fibrosis or conjunctivalization. The visual acuity of
the patients improved after single CA-COMET surgery or combined with other surgeries, such
as penetrating keratoplasty (PKP) and cataract surgery.

Discussion : In our CA-COMET system, all the processes were xenogenic free. The use of
autologous oral mucosa and autologous serum also prevented the possible complications related
to allogenic transplantation, such as rejection and long-term use of steroid. The CA-COMET
provided not only excellent epithelial stem cell growth, qualified epithelial characteristics and ex
vivo stemness, but also the potential in clinical application.

Conclusions : Our study reported the safety, efficacy, and long-term surgical outcomes of
xenogenic-free CA-COMET for the treatment of limbal insufficiency.
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The Effects of Cyclic Stretching on Chondrogenic Differentiation of Rat
Adipose-derived Stem Cells
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Materials and Methods: % ¥ fl | % Wistar ~ B4~ % #g 9547 'm¥2  (Rat adipose-derived stem
cells, rADSCs ) it 7§ % > & 3 %>t low-glucose DMEM cLEHPLEEY LR
rADSCs » §1* TGF- [31:73%-/7\ it :Mi RIEEREIVANESE of JI IR = - WARTIKERNN o8 [ ulL /,,\
it (0O5HzZ 1Hz) - #-m lfplr RRAHEB R RB AT 2 FRER B ELNY )% &
B ok s (BOXER AQA 7, TAIHOYO) it 7 o 11 & ﬂrﬁﬁ % w4 g~
Glycosaminoglycan (GAG) Assay kit 4 7w ¢ GAG k& -~ safranin O % ¢ % western
blotting & i 4p i 3~v % 3R -
Results : rADSCs #2 & ** low glucose DMEM - ‘m*2 25 it 5 pE* A 45tk o d 7 3 & 05 12
BEFC FERES P ERHRET PR »loe KR T EER AL 2 R D
GAG k& % safraninO % ¢ ~# | & 1 Hz# Wit e 4 osafranin O & & 37 R
PR Sk 2 &= | §8 (apoptotic bodies) ﬂ’] % > H safranin O & ¢ 22 GAG k & 5
BFAEEEAL LM - 05HzZFEN &t e me v 4+ < £ safranin O ¥ T I B & BB
GAG ERaRFLEE AL, M EZ IHZE W 2 253 od v A RE LA I7F R B0
Fi 4 it s g iSE cleaved caspase-9 % phospho-NF-kB p65 3-v £ 3R 5 2 1 Hz % ~
it & 2 cleaved caspase-3 %2 p53 F-v £ > 05Hz " A F
Discussion : rADSCs ##% ik 22 532 % 3 % {8 %2 2,4 ~GAG Jk & % safranin O § &g ¥ £
B oopul B mF MM (LOHz) £ ™ e 4 i GAG k& 2 safranin O & 4 s ®
oz k= f8 (apoptosome) =4 = (safranin O % ¢ ) o wMAg F £ # 7 (0.5 Hz) we &2
IGAG LRV #H#EEAEZ LOHZEW 3 > A2 B HFATEARS o d 30 2REA
+fr @ B ¥ 32 ¢ 1832 cleaved caspase-9 % phospho-NF-«B p65 3-v # 3 ; 1.0 Hz
v B cleaved caspase-3 % p53 Fv £ IL 05 Hz & ® P FE -k po3 2 H iy F P
fne = B AE R o
Conclusions : % TGF-B1 3% ¥ rADSCs 4 ft & $ic F fmPe ey i > 5 e # £ F 5% p5b3 &
voE IR G e 3 enb 4 o
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Using Rho-associated Protein Kinase (ROCK) Inhibitor to Develop Simplified Oral
Mucosal Epithelium Transplantation (SOMET) for the Treatment of Limbal Stem Cell
Deficiency (LSCD)
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Shiley Eye Institute and Viterbi Family Department of Ophthalmology, University of California,
San Diego®

Introduction : The ocular surface is a delicate system that maintains the smoothness and

transparency of the cornea. Limbal stem cells (LSCs) that reside at the conjunction of cornea
and sclera are crucial for corneal epithelium renewal. Limbal stem cell deficiency (LSCD) due
to injuries or inflammatory diseases could damage the equilibrium of corneal surface, resulting
in blindness. In this study, we developed a novel oral epithelial cell-based therapy for LSCD
using amniotic membrane (AM), collagenase and Rho-associated protein kinase (ROCK)
inhibitor to aid niche regeneration and graft colonization.

Materials and Methods : Oral mucosal tissues harvested from New Zealand albino rabbits were
rinsed in Dulbecco’s modified Eagle’s/Ham’s F12 medium (DMEM/F12) with 5% fetal bovine
serum (FBS) and antibiotics. After cutting into small pieces with 1-2 mm? each, the oral mucosal
tissues were incubated with collagenase type | (1, 2, 5, 10 ug/ml) to separate the epithelial sheet
from the underlying stroma. The epithelial sheet was then seeded onto a six-well tissue culture
plate with or without AM in a-MEM media with 5% FBS, 1X L-Glutamine, and 1X NEAA.
Different concentrations of ROCK inhibitor Y27632 (0, 1, 5, 10, 20 uM) was added into the
medium. After up to 14 days of cultivation, light microscopy and immunofluorescence staining
of cell markers K3, K4, K12, K13, ZO-1, p63 were performed.

Results : The application of AM and the addition of Y27632 both facilitated the growth of oral
epithelial cells, showing a more compact cell morphology and an enhanced expression of
epithelial cell markers. A dose-dependent effect of Y27632 (up to 10 uM) on cell growth was
found. The cell viability did not differ between the different concentrations of collagenase type |
being used.

Discussion : Current treatment strategies for LSCD include (1) direct transplantation of limbal
epithelial tissue from donor eye (Simple Limbal Epithelium Transplantation, SLET), and (2) the
Cultivated Oral Mucosal Epithelial Transplantation (COMET) that requires intensive and
prolonged lab manipulation. Our study showed that ROCK inhibitor hastened the oral epithelial
cell growth and may offer a more robust treatment that does not require allogenic limbal tissue.
Conclusions : Collagenase and ROCK inhibitor treatments provide a niche environment for oral

mucosal epithelial cells. The treated oral epithelial cell sheet product enables the development of
a promising "Simplified Oral Mucosal Epithelium Transplantation™ (SOMET) therapy for the
treatment of LSCD.
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Gelatin Scaffold with Lipid-PLGA Microparticles for
Sustained Curcumin Release and Corneal Tissue Engineering
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ADSC-derived Exosomes Suppress Th17 Cell Differentiation in
Inflammatory Arthritis
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Introduction : Infrapatellar fat pad adipose-derived stem cells (IPFP-MSCs) have been studied

to facilitate cartilage repair and relieve the pain caused by osteoarthritis (OA) due to
anti-inflammatory and chondrogenesis capacity. However, little research has been conducted to
elucidate how the IPFP-MSC exerts anti-inflammatory effects in OA. Serum IL-17
concentrations are significantly higher in OA patients, and articular joint injury induces IL-17
expression from T cells in the anterior cruciate ligament transection (ACLT)-generated OA mice.
IL-17A rs2275913 and IL-17F rs763780 polymorphisms are possibly related to the high-risk
knee OA occurrence. This study will first identify the potential capacity of anti-inflammation by
IPFP-MSC and find out the possible genes in the Th17-mediated pathway.

Materials and Methods :

Research Ethics and Consent

Patients with OA (n = 30) between 50 and 75 years old undergoing joint replacement surgery
will be recruited into this study, and the IPFP will be obtained and immediately processed. The
Research Ethics Committee approved the study of Far Eastern Memorial Hospital, Taiwan
(109146-F).

Gene Expression Profiles of Inflammation- Quantitative Real-Time PCR

The C20A4 human chondrocytes were collected and extracted to determine gene expression
levels of cytokines and chondrogenic markers by using a LightCycler® (Roche Applied
Science).

Results : We have reported that IPFP-MSC can improve cartilage repair and relieve pain in OA
patients with inflamed joints. Moreover, our preliminary results showed that IPFP-MSC-derived
exosomes significantly suppressed the differentiation and IL-17 production in Th17-skewing
conditions. On the other hand, IPFP-MSCs play a critical role in injured cartilage healing.
Discussion : IPFP-MSC-Exos exerted a substantial stimulatory effect on anti-inflammation.
IPFP-MSCs may represent a novel therapeutic approach for OA treatment in future clinical
settings.

Conclusions : ADSC-based inhibition of inflammation in inflammatory arthritis could suppress
Th17 cell differentiation. IL-17 has been reported to cause OA progression that may result from
the Th17 cell responses. IPFP-MSC has the efficacy of reducing inflammation, enhancing
chondrogenic differentiation, and resulting in cartilage repair.
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Infrapatellar Fat Pad MSCs Suppress Inflammation via Enhancing M2 Macrophage
Differentiation in Knee Osteoarthritis
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Introduction : Infrapatellar fat pad adipose-derived stem cells (IPFP-MSCs) can repair articular
cartilage and relieve the pain caused by osteoarthritis (OA) due to solid differentiation and
anti-inflammation. However, the mechanisms of IPFP-MSC are unknown, and challenges
remain for clinical applications. Interestingly, the anti-inflammation in IPFP-MSC is more
evident than subcutaneous adipose tissue (SC)-derived MSC. Therefore, in this study, we first
identified the potential capacity in anti-inflammation between IPFP-MSC and SC-MSC and
found out the possible mechanisms.

Materials and Methods :

Research Ethics and Consent

Patients with OA (n = 30) between 50 and 75 years old undergoing joint replacement surgery
will be recruited into this study, and the IPFP will be obtained and immediately processed. The
Research Ethics Committee approved the study of Far Eastern Memorial Hospital, Taiwan
(109146-F).

Induction of Human M2-like Macrophages

CD14" cells from peripheral mononuclear cells were purified by magnetic cell sorting and
cultured in complete RPMI-1640 medium supplemented with M-CSF to induce macrophages for
6 days.

Results: IPFP-MSCs can suppress TNFA and IL1B gene expressions in chondrocytes in response
to IL-1B. An increase in CD103 and CD206 expressions were also noted in IPFP-MSC-M2
macrophage co-cultures compared to SC-MSC-M2 macrophage. As expected, the percentage of
CD103"CD206*-expressing M2 macrophages co-cultured with IPFP-MSC/SC-MSC was
significantly increased. The results showed that the induction of M2 macrophage capacity of
IPFP-MSC is greater than SC-MSC.

Discussion : IPFP-MSC exhibited an extraordinary capacity toward chondrogenesis. We evaluate
the gene differences between IPFP-MSC and SC-MSC and the M2 differentiation induced by
each MSCs.

Conclusions : IPFP-MSC cell therapy indicated improved ability to bend and straighten knee
joint and decreased inflammation via inducing M2 macrophage differentiation.
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Treatment with Non-selective Transient Receptor Potential Canonical Channels
Inhibitor, Derinat Promotes Hair Regeneration in Female Pattern Hair Loss Patients
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Introduction : Female pattern hair loss (FPHL), a potential age-related disease, the most

common alopecia in adult women starts development by age 30 years and becomes more
common when reaching menopause. FPHL is characterized by chronic inflammation, and
inflammatory infiltrates in the scalp have been observed as the pathogenesis of FPHL. The
disorder also results in huge physiological problems and psychological stress that profoundly
influence the quality of life of the patients, but there is no efficient treatment to deal with FPHL
to date. Transient receptor potential canonical channels (TRPCs) are reportedly involved in
regulating the skin aging process. TRPCs-mediated increase of the intracellular Ca?* signaling
initiates the skin aging process, causing Ca®*-overloaded mitochondria reactive oxygen species
(ROS) increase, the activation of DNA damage response (DDR), senescence inflammatory
response (SIR), and senescence-associated secretory phenotype (SASP) activity. Blockage of
TRPCs activity by Derinat restrains skin damage and aging according to our previous study.
Thus, we hypothesized that treatment with TRPCs inhibitor, Derinat potentiates inhibition of
FPHL pathogenesis.

Materials and Methods : Caenorhabditis elegans (C. elegans) was firstly utilized to screen the
feasible concentration of Derinat for further application to murine and clinical experiments.
BALB/c-nu mice were daily treated with the Derinat-containing hydrogel forms a 3-cm diameter
circular chip for 3 h; after 7 days, the mice were sacrificed and identified their skin biopsies by
H&E and immunohistological staining. Dihydroethidium (DHE) and PCNA were stained to
detect intracellular ROS production and hair follicle stem cell (HFST) activation respectively. A
total of 37 FPHL patients without nutrient deficiencies are daily received Derinat or control
(placebo) for 8 weeks; hair growth, hair density, and hair diameter were detected by Scalp
Analyzer.

Results : In this research, our results revealed that Derinat application in C. elegans extends the
lifespan with anti-aging efficacy. We also found that treatment with Derinat in BALB/c-nu mice
promoted hair growth, accelerated the number of hair, and attenuated intracellular ROS
production. Proliferation marker PCNA and HFSCs markers CD49f and CD34 also co-localized
along the HFSCs. Further application of Derinat and control (placebo) to FPHL patients, the
clinical data indicated that FPHL patients with Derinat treatment reveal a significant
improvement in hair density and hair diameter, enhancing hair regeneration.

Discussion : TRPCs-mediated Ca?* signaling is potentially involved in FPHL pathogenesis,
contributing to intracellular ROS production, DDR, SIR, and SASP activity. Hair cycle and
HFSC niche may be influenced by TRPCs activation.

Conclusions : Blockage of TRPCs activity by TRPCs inhibitor, Derinat restrains FPHL
pathogenesis, providing a new therapeutic approach for treating FPHL.
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Adipose-derived Stem Cells Seeded Supercritical Carbon Dioxide Decellularized
Bone Accelerated Bone Regeneration in Rat Bone Defect Model
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Introduction : Bone has the ability to regenerate and restore itself. However, the regenerative
ability may be diminished based on the size of the defect. Currently, the use of decellularized
xenogenic bone is a new trend in tissue engineering and regenerative medicine (TERM).
Adipose-derived stem cells (ASC) are a perfect stem cell population for practical regenerative
medicine. In the present study, we used supercritical carbon dioxide (scCO2) decellularized
porcine bone (scDPB) seeded with ASC for the restoration of rat model segmental defect.
Materials and Methods : Bio-scaffold produced by seeding ADSC to scDBM was evaluated by
scanning electron microscopy (SEM). Bio-scaffold was implanted in rat segmental femoral
defect model to investigate the callus formation in vivo at 12 and 24 weeks post-surgery.

Results : ADSC is firmly attached to scDBM bioscaffold in a dose-dependent manner. X-ray
bone imaging revealed callus formation in both scDBM seeded with 2x10® and 5x10® ASCs
groups. H&E staining revealed ASCs accelerated bone formation. The expression of Ki-67,
BMP-2, and osteocalcin was elevated in scDBM seeded with 5x10® ASCs group at 12 weeks
after surgery, relative to other experimental groups. scDBM combined with 5x10% ASCs
promotes cell proliferation of bone defects in the early stage of bone regeneration and new bone
formation.

Discussion: In the current investigation, scDBM seeded with ASC depicted increased expression
of Ki 67, BMP 2 and osteocalcin thus leading to accelerated cell proliferation, bone regeneration
and new bone formation in a rat segmental femoral defect model. Thus, the scDBM scaffold is
an excellent biomaterial for bone tissue repair. This study is a biomimetic bone tissue
engineering approach that features the natural endochondral cascade involving endochondral
ossification in bone defect regeneration.

Conclusions : The scDBM is an excellent bioscaffold that enhanced the attachment and
recruitment of mesenchymal stem cells. scDBM seeded with ASCs accelerated new bone
formation [1].
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Supercritical Critical Carbon Dioxide Decellularized Porcine Bone Graft for Orbital
Floor Reconstruction
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Introduction : Orbital fractures are the result of a traumatic accident leading to impaired
alignment and integrity of facial bones, with the symptoms of periorbital oedema, enophthalmos
and diplopia. Thus, restoring symmetry of the orbital framework is critical to improving clinical
outcomes. Numerous graft materials are used in orbital floor fractures varied from autografts to
alloplastic grafts, which possess certain limitations. In the present study, a novel porcine bone
matrix decellularized by supercritical carbon dioxide (scCO2), ABCcolla® Collagen Bone Graft,
was used for the reconstruction of the orbital framework.

Materials and Methods : This study was approved by the institutional review board (IRB) of
Kaohsiung Medical University Chung-Ho Memorial Hospital (KMUH). Ten cases underwent
orbital floor reconstruction in KMUH. The orbital defects were fixed by the implantation of the
ABCcolla® Collagen Bone Graft. Nine out of ten cases used 1 piece of customized ABCcolla®
Collagen Bone Graft in each defect. The other case used 2 pieces of customized ABCcolla®
Collagen Bone Graft in one defect area due to the curved outline of the defect.

Results : In the outpatient clinic, all 10 cases showed improvement of enophthalmos on CT
(computerized tomography) at week 8 follow-up. No replacement of implants was needed
during follow-ups.

Discussion : Reconstruction of the orbital floor fracture has been a challenge in plastic surgery
due to the fragility and complexity of bone arrangements in the orbital cavity. Since each kind of
graft material has unique properties, there is no conclusive treatment plan for orbital wall
reconstruction. Therefore, this study provides evidence and proves that the xenograft decellular
framework, ABCcolla® Collagen Bone Graft is a new alternative to other graft material for
orbital floor reconstruction. The result of this study proved ABCcolla® Collagen Bone Graft is a
suitable graft material with optimal clinical outcomes in orbital floor reconstruction.
Conclusions : The scCO2 decellularized, ABCcolla® Collagen Bone Graft proved to be safe and
effective in the reconstruction of the orbital floor with high accessibility, high stability, good
biocompatibility, low infection rate and low complication rate [1].
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Regenerative Role of Supercritical Carbon Dioxide Decellularized Porcine Cartilage
Combine with Platelets Rich Plasma (PRP) Graft in Anterior Cruciate Ligament
Transection Osteoarthritis Model
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Introduction : Osteoarthritis (OA), is a degenerative joint disease and the most common type of
arthritis. In OA, the cartilage within a joint break down and the bone is subsequently altered.
Inflammation and injury of the OA cause pain and swelling, leading to reduced function and
disability. In the present study, we decellularized the porcine articular cartilage using the
supercritical carbon dioxide (scCO.) technique. Intraarticular administration of the
decellularized porcine cartilage graft (dPCG) with and/or without PRP after ACLT- induced OA
to evaluate the cartilage regenerative efficacy in rats.

Materials and Methods : The dPCG was produced by proprietary scCO, (100-350 bar carbon
dioxide pressure, 20-40°C) extraction technology from porcine articular cartilage. The dPCG
was characterized by hematoxylin and eosin, DAPI staining, scanning electron microscopy
(SEM) and residual DNA quantification. The regenerative efficacy dPCG was evaluated by pain
assessment by capacitance meter, X-ray and micro-CT. In addition, articular knee cartilage
damage was explored by safranin-O, type Il collagen, aggrecan and SOX-9 immuno-staining.
Results : The scCOztechnology completely decellularized the porcine cartilage. The dPCG with
or without PRP significantly reduced the ACLT-induced OA symptoms and attenuated the OA
progression. The dPCG alleviated pain with or without PRP and attenuated articular cartilage
damage in the rat knee as revealed by X-ray and micro-CT. . In addition, dPCG protected the
knee cartilage as evidenced by the histological analysis. The safranin-O, type Il collagen,
aggrecan and SOX-9 immuno-staining depicted repair and attenuation effect by dPCG with or
without PRP in the articular knee cartilage damage.

Discussion : The triads of cartilage regenerative medicine are the scaffolds (dPCG), signal (PRP)
and the cells (resident chondrocytes). Therefore, our approach is direct and we provide a mixture
of scaffold and signal (dAPCG +PRP) so that the resident chondrocyte gets the structural support
and nourishment for its proliferation. This study can be extrapolated to OA patients and patients
with cartilage defects caused by sport-related injury.

Conclusions : The intra-articular administration of dPCG with or without PRP can attenuate
ACLT-induced OA progression by elevating the expression of type Il collagen, aggrecan and
SOX-9 [1].
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