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09:00~09:30
1-02

The Race Towards Bioactive Scaffolds

Joachim KOHN, PhD, FBSE
Distinguished Professor Emeritus at Rutgers University
President, International Union of Societies for Biomaterials Science and Engineering (IUS-BSE)

Abstract:

The focus of regenerative medicine over the last 30 years has been on bone, skin, cartilage and
nerve regeneration. These research foci have served the research community well, as governments in
developed countries are lavishly supporting research endeavors aiming at mitigating cancer, trauma,
and the chronic diseases of old age. Looking into the future, the fields of biomaterials science and
biology need to come much closer together. This trend can be exemplified by the “race towards
bioactive scaffolds”. The key ingredient of this research effort is the understanding of the structure
and function of extracellular matrix (ECM).
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09:30~10:00
1-03

Stem Cell-derived Extracellular Vesicles for Liver Fibrosis

Takahiro Ochiya
Professor, Tokyo Medical University, Tokyo Japan

Abstract:

Hepatocytes are regarded as the only effective cell source for cell transplantation to treat liver
diseases; however, their availability is limited due to a donor shortage. Thus, a novel cell source must
be developed. We recently reported that mature rodent hepatocytes can be reprogrammed into
progenitor-like cells with a repopulative capacity using small molecule inhibitors cocktail (PNAS,
2010; Cell Stem Cell, 2017). Here, we demonstrate that hepatic progenitor cells can be obtained from
human infant/adult hepatocytes using the same strategy. These cells, named human chemically
induced liver progenitors (hCLiPs), had a significant repopulative capacity in injured mouse livers
following transplantation (eLIFE, 2019). Our CLiP method also allows biliary epithelial cells to
acquire extensive proliferative capacity (Stem Cell Rep, 2023). hCLiPs redifferentiated into mature
hepatocytes in vitro upon treatment with hepatic maturation-inducing factors (FEBS Lett, 2020).
These findings will facilitate liver cell transplantation therapy and drug discovery studies (Nat
Commun, 2021). Furthermore, we currently established that hCLiP-derived extracellular vesicles
(EVs) showed highly anti-fibrotic effect in vitro as well as in vivo animal models. Here we will discuss
on liver stem cell-derived EVs as a new therapeutic strategy for liver fibrosis including steatotic liver
disease (SLD).

12



FEPHNLLFELRT T
2024 & 2 RELRER 6 TR

10:30~10:50
1-04

2 ;oK (Exosome) B * 3¢9 # L 2 ok 2 Toh B4 2 F B

e Fiap
SAFRTFINT KGR S FERTRR T FEMAY A

&

I U L S LR SOR TR T T EE L
P & (mRNA ~ microRNA ~ DNA)2 F-v FEEE A FHF o Feoe B Ll 44
AR K A% 5 v;f;k‘z_g_g‘ e E G s R EE S B 0T AR A il e CEIEAREY I
B ? AR EA R R @R i’ﬁﬁﬁﬁx4ﬁf&%£ﬁ&m%ma&w& 7
fm%“ﬁ’#ﬁﬁﬁwm¥@‘4% F17 W AT 7 Rk B4 a0 174
AR AR E VAL - il RS SN i s A SN *ik’;\ K oiem g &P AR EARE - B iim
PR R R R A R R %Jﬁﬁwﬁ%’ﬁﬂi%’iﬁﬁmﬁﬂﬁ#+
F7 i ERAHE %fmﬁ f & oo JLAK ¥ gy N L RS (vital pulp therapy) > & £ %
?ﬁxaﬁwsﬁﬁ%osﬁ%%ﬁ%vﬁﬁﬁﬁﬁﬁ*?w W7 R A “ﬁ*ﬂﬁ
R RARAR L LD M R mﬁﬁ°”ﬂﬁ#?méﬁﬁﬂ’%-$%“#
WALBI M TE R TR RN R T 'Ei‘E' BoEM o ey gg_gs‘\- 7 R4 i o Tﬁﬁ‘,
Ko 4 peps ﬂwmewﬁ%#<Wﬁ4i%m%mﬁ&’%ﬁ?&—&mﬂ°ﬁﬁ17%
R A E BB TR > F Y IRES IR R AT 1 /Efﬁmﬁzzﬁ A ﬁd 7N -
7 %4 & 1 (dentin-pulp complex)ehf 4 5 BF T {38 4 L v a0 KA L T Ay EF o
sﬁﬁJ&wwpziﬁukW¥$%mw’ﬁ*me§ﬁM¢W§¢4mMm
microRNA, protein) 3 A& Flat 3477 2 -7 %2 4 £ 2 > TP I RERFEH ] - BiE72 WD
ol n 2 I F L AR hoiE it R WA R F};@\F’&}ﬁ,qﬁ Wi A i o A S e end IR TR
B F]F nd RE 0 # 7 F #7339 (Bone morphogenetic protein 2, BMP-2) ~ = # ‘m¥z & it
##& 45 %]+ (Runtrelated transcrlptlon factor 2, RUNX2) ~ # 4F % (Osteocalcin, OCN) % ¢ |4 # fik fix
(Alkaline phosphatase, ALP) FIe*xd @y eiclipy ey T8F{ M £2 150840
PR E R hZ B &R o I F e 2 B T SR AR~ 0 A
g E’ﬁ‘kmﬂ 4 5 8 ”E/:U?E £ e %?FW, it BEx- B AIRTN T A2 o

|

o

F*ﬂj
4y

o

w

13



MEPHCEIFELRTE
2024 5 AR FEEE R IFHE

10:50~11:20
I-05

Navigating Challenges from Discovery to Clinical Translation of MSC Exosomes

Lim Sai Kiang, PhD
Research Director, ASTAR Institute of Molecular and Cell Biology

Abstract:

Mesenchymal stromal cells (MSC) have displayed promising therapeutic potential. However,
despite being extensively evaluated in more than 1000 clinical trials spanning a wide range of diseases,
allogenic Mesenchymal Stromal Cells (MSCs) have not secured marketing approval from the US
FDA. and they are now thought to exert these effects primarily by releasing small extracellular
vesicles (sEVs) of 50-200 nm. Although MSC-sEVs have many advantages over MSCS, notably in
terms of reduced complexity and enhanced predictability in generating in vivo responses as compared
to live MSCs, developing MSC-sEVs into clinical applications is still challenging. 1 will present
some of the basic biology on MSC-sEVs and the current status in the development of MSC-sEV drugs.
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11:20~11:40
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Potential Applications and Challenges of Pluripotent Stem Cells

Hong-Nerng Ho, MD.
Professor Emeritus, National Taiwan University
Chair Professor, Taipei Medical University

Abstract

Human embryonic stem cells (hESCs) and induced pluripotent stem cells (hiPSCs) are expected
to have several clinical applications, including studies of disease mechanism, drug screening and
regenerative medicines. However, these clinical applications are still limited due to several critical
challenges.

We have published several articles about how to differentiate human oocytes using human
embryonic stem cells and hiPSCs from normal subjects and patients with premature ovarian
insufficiency. Oocyte like structure with meiosis and functional granulosa cells were also established.
Disease specific hiPSCs can serve as the platforms to study the mechanism, progression and potential
drug screening for a particular disease, such as PCOS. Through the differentiation of these disease
specific hiPSCs into oocytes, granulosa cells, endothelial cells and endocrine secreting neurons etc.
offered us further to study their disease mechanism and possibility to screen effective drugs.
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Delivering Drugs, Biomolecules, Genes and Cells in Tissue Engineering

Min Wang PhD CSci CEng
Department of Mechanical Engineering, The University of Hong Kong, Pokfulam Road, Hong Kong

Abstract

The word and discipline of tissue engineering emerged in the late 1980s (Tissue Engineering,
R.Skalak and C.F.Fox CF, (Eds.), Alan R. Liss Inc., New York, 1988), and tissue engineering holds
great promise of tackling some previously unsurmountable medical problems or providing much
improved solutions for millions of patients (R.Langer and J.P.Vacanti, “Tissue Engineering”, Science,
1993 May 14; 260: 920-6). Over the past few decades, there are significant advances in tissue
engineering, particularly in scaffold-based tissue engineering, and human body tissues such as skin,
bone and articular cartilage can be successfully regenerated (Principles of Tissue Engineering (2"
Ed.), R.Lanza, R.Langer and J.P.Vacanti, (Eds.), Academic Press, San Diego, 2000). Tissue
engineering scaffolds are generally biodegradable and porous structures that provide a
microenvironment for living cells to adhere, proliferate and differentiate and a structural framework
for new tissue formation. Many current scaffolds and cell-scaffold constructs are produced by the so-
called advanced fabrication techniques which include electrospinning and additive manufacturing
(i.e., “3D printing”). The conventional tissue engineering concept/practice requires the three essential
components, namely, scaffolds, cells and biomolecules, to work in synergy to produce the best clinical
outcomes in regenerating body tissues, and hence the encapsulation and controlled release of living
cells (somatic cells or stem cells) and incorporation and sustained delivery of biomolecules (e.g.,
growth factors) are highly important for viable tissue engineering strategies. Acellular growth factor-
delivering scaffolds can significantly enhance tissue regeneration (C.Wang and M.Wang,
“Electrospun Multicomponent and Multifunctional Nanofibrous Bone Tissue Engineering Scaffolds”,
Journal of Materials Chemistry B, 5 (2017), 1388-1399). But scaffold fabrication technologies
amenable to both cell encapsulation and growth factor incorporation have distinctive advantages
(Q.Zhao, Y.Zhou and M.Wang, “Three-dimensional Endothelial Cell Incorporation within Bioactive
Nanofibrous Scaffolds through Concurrent Emulsion Electrospinning and Coaxial Cell
Electrospraying”, Acta Biomaterialia, 123 (2021), 312-324). Using growth factors for improving tissue
regeneration have been successful but growth factors are expensive and have a short half-life.
Applying the gene-delivery concept and utilizing gene delivery techniques, gene-activated matrices
(GAMs) that combines tissue engineering scaffolds with effective gene delivery can be made for
enhancing tissue regeneration without the use of extraneous growth factors (S.He, J.Fang, C.Zhong,
F.Ren and M.Wang, “Controlled pVEGF Delivery via a Gene-activated Matrix Comprised of A
Peptide-modified Non-viral Vector and Nanofibrous Scaffold for Skin Wound Healing”, Acta
Biomaterialia, 140 (2022), 149-162). Developing multifunctional tissue engineering scaffolds has also
attracted much attention and these scaffolds can contain and release anticancer drugs for combatting
cancer recurrence problems after surgical removal of tumors (C.Wang, X.Ye, Y.Zhao, Z.He, Q.Tong,
X.Xie, H.Zhu, D.Cai, Y.Zhou, B.Lu, Y.Wei, L.Mei, D.Xie and M.Wang, “Cryogenic 3D Printing of
Porous Scaffolds for in situ Delivery of 2D Black Phosphorus Nanosheets, Doxorubicin
Hydrochloride and Osteogenic Peptide for Treating Tumor resection-induced Bone Defects”,
Biofabrication, 12 (2020), 035004 (15pp)). A further development in this direction is the creation of
theranostic-incorporating tissue engineering scaffolds that can provide early detection and effective
ablation of cancer cells at the tissue regeneration site after surgery (L.Guo, Q.Zhao, L.Zheng and
M.Wang, “Multifunctional Nanofibrous Scaffolds Capable of Localized Delivery of Theranostic
Nanoparticles for Postoperative Cancer Management”, Advanced Healthcare Materials, 12 (2023),
10.1002/adhm.202302484 (12pp)). We have investigated different materials (e.g., bijels) and different
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scaffold fabrication technologies (electrospinning, 3D printing, etc.) for delivering drugs,
biomolecules, genes and cells in tissue engineering. Furthermore, using computer-aided design (CAD)
and 3D printing, structure-graded scaffolds can be conveniently and efficiently made, providing
improved performance of scaffolds (Y.Wang, S.Chen, H.Liang, J.Bai and M.Wang, “Design and
Fabrication of Biomimicking Radially Graded Scaffolds via Digital Light Processing for Bone
Regeneration”, Journal of Materials Chemistry B, 11 (2023), 9961-9974). This talk will present some
of our work on controlled delivery of different species in tissue engineering and discuss the design
and fabrication of scaffolds for their desired/programmed delivery.
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13:40~14:00
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Epithelial Cell Adhesion Molecule Induces Canonical Wnt Pathway to
Promote Stemness in Colorectal Cancer

A TRRATIEFE AR FERELC o
Abstract

Cancer stem cells (CSC) have widely been implicated in tumorigenesis and cancer recurrence,
targeting them with therapeutics however is a major challenge. First, we show that the extracellular
domain of EpCAM (EpEX) functions as a ligand for Wnt receptors, frizzled6/7 and LRP5/6, while
the intracellular domain (EpICD) upregulates transcription of these receptors. Further, EpEX-induced
Wnt signaling activates TACE and y-secretase enzymes to augment shedding of EpEX and EpICD,
establishing a positive feedback loop. Given epithelial cell adhesion molecule (EpCAM) is highly
expressed in CSCs, we report an EpCAM-neutralizing antibody, EpAb2-6, targets canonical Wnt
pathway suppressing stemness characteristics in colorectal cancer (CRC). Strikingly, the combination
of EpAb2-6 and a porcupine inhibitor (LGK974) mitigated formation of patient-derived organoids
(including KRAS-mutants) as well as CSC-derived xenografts. The combinatorial treatment depleted
EpEX in the tumor microenvironment attenuating Wnt activity. When tested in patient-derived
xenograft and multiple orthotopic and metastatic models, the combination treatment markedly
thwarted cancer progression and prolonged animal survival. Thus, an EpAb2-6-based therapy may be
beneficial for CRC treatment including KRAS-mutant cancers.
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Intelligent CRISPR Design for Tissue Regeneration

Yu-Chen Hu"
Department of Chemical Engineering, National Tsing Hua University
*Corresponding author: NSTC 112-2223-E-007-002

Abstract

Gene editing by CRISPR and gene regulation by microRNA or CRISPR activation have
dramatically changed the way to manipulate cellular gene expression and cell fate. In recent years,
various gene editing and gene manipulation technologies have been applied to control stem cell
differentiation to enhance tissue regeneration. This presentation will focus on how to develop CRISPR,
CRISPR activation (CRISPRa), CRISPR inhibition (CRISPRI) as well as bi-directional CRISPR-AI
gene regulation technologies to control cell differentiation and bone regeneration. RNA editing for
microRNA editing and stem cell engineeirtng and tissue regeneration is also discussed.

Keywords: CRISPR, gene activation, gene inhibition, tissue regeneration, bi-directional gene
regulation, microRNA editing, stem cells
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14:20~14:40
I-10

Brain Repair Through Advancing Innovative Nanotechnologies (Brain)

Shang-Hsiu Hu
Department of Biomedical Engineering and Environmental Sciences,
National Tsing Hua University, Hsinchu 300044, Taiwan.

Abstract

Traumatic brain injury causes inflammation and glial scarring that impede brain tissue repair, so
stimulating angiogenesis and recovery of brain function remain challenging. Here we present an
adaptable conductive microporous hydrogel consisting of gold nanoyarn balls-coated injectable
building blocks possessing interconnected pores to improve angiogenesis and recovery of brain
function in traumatic brain injury. We show that following minimally invasive implantation, the
adaptable hydrogel is able to fill defects with complex shapes and regulate the traumatic brain injury
environment in a mouse model. We find that placement of this injectable hydrogel at peri-trauma
regions enhances mature brain-derived neurotrophic factor by 180% and improves angiogenesis by
250% in vivo within 2 weeks after electromagnetized stimulation, and that these effects facilitate
neuron survival and motor function recovery by 50%. We use blood oxygenation level-dependent
functional neuroimaging to reveal the successful restoration of functional brain connectivity in the
corticostriatal and corticolimbic circuits.

Keywords: Drug delivery, functional polymer, wireless charging, hydrogel, traumatic brain injury

[1] Ru-Siou Hsu, Ssu-Ju Li, Jen-Hung Fang, I-Chi Lee, Li-An Chu, Yu-Chun Lo, Yu-Jen Lu*, You-
Yin Chen*, Shang-Hsiu Hu*, Wireless Charging-Mediated Angiogenesis and Nerve Repair by
Adaptable Microporous Hydrogels from Conductive Building Blocks, Nat. Comm. 2022, 13, 5172.

[2] Min-Ren Chiang, Ya-Hui Lin, Wei-Jie Zhao, Hsiu-Ching Liu, Ru-Siou Hsu, Tsu-Chin Chou, Tsai-
Te Lu, I-Chi Lee, Lun-De Liao, Shih-Hwa Chiou, Li-An Chu*, Shang-Hsiu Hu*, In Situ Forming
of Nitric Oxide and Electric Stimulus for Nerve Therapy by Wireless Chargeable Gold Yarn-
Dynamos, Adv. Sci, 2023, 2303566.(TEqual contribution)

[3] Yi-Chieh Chan, Ya-Hui Lin, Hsiu-Ching Liua, Ru-Siou Hsu, Ming-Ren Chiang, Li-Wen Wang,
Tsu-Chin Chou, Tsai-Te Lu, I-Chi Lee, Li-An Chu*, Shang-Hsiu Hu*, In Situ Magnetoelectric
Generation of Nitric Oxide and Electric Stimulus for Nerve Therapy by Wireless Chargeable
Molybdenum Carbide Octahedrons, Nano Today, 2023, 51, 101935.
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14:40~15:00
I-11

Translational Research and Spin-off: Novel Kinase Inhibitors from Bench to Clinic

Hsing-Pang Hsieh, Ph.D.
Director/ Distinguished Investigator
Institute of Biotechnology and Pharmaceutical Research
National Health Research Institutes, Miaoli County, Taiwan

Abstract

Lung cancer is one of the chief causes of cancer death in the world; in addition, non-small cell
lung cancer (NSCLC) accounts for 85% of the lung cancer deaths. The development of tyrosine kinase
inhibitors (TKIs) targeting epidermal growth factor receptor (EGFR) have shown remarkable effects
in patients but some acquired resistance after treatment. Therefore, the discovery of efficacious EGFR-
TKIs poses an utmost priority.

Based on our achievement, we established a knowledge-based screening, followed by High
Throughput Parallel Synthesis (HTPS) to synthesize more than 500 compounds. Further structure
modification based on scaffold hopping approach by changing the pharmacophore moiety had led us
to discover DBPR112 as a potent EGFR-TKI clinical candidate showing excellent inhibitory ability
on EGFRISSRTM anq EGFRen2%s DBPR112 was orally effective against the growth of human
lung H1975 tumors subcutaneously xenografted in nude mice. A dramatic reduction in tumor size was
noted with DBPR112 treatment, while displaying negligible body weight loss in all dosing groups.
Furthermore, DBPR112 was more tolerable than afatinib in mice. To date, all pre-clinical studies were
completed, and the IND application of DBPR112 was approved by US FDA and TW FDA in 2016.
DBPR112 was licensed to a new startup company, AnBogne Therapeutics in 2020. Currently, the
Phase 1b/2 clinical trial has been undergoing in Taiwan.

2012 2013 2014 2015 Ll M
|
Identify DBPR112 GLP tox in rats TFDA/IRB approval
and dogs
First +Process @Mant (API) «CMC Phase | clinical trial
Synthesis * Pre-formulation, = Clinical trial protocol

physicochemisty, salt & *Procurement (CROs oy
S e crystaline evaluation for IND & clinical trial) Fﬁt T BHE'SE'." Phase 1b/2
*Analytical & bioanalvtical ! o initiated
methods Preparation for
+100g-scale synthesis (500g) IND packaging licensed to
]
« 5kg API (CMO) US IND approval A“BOQET_‘
+ Stability study (API) on April 8, 2016 Therapeutics

= Tox DRF in dogs
» Formulation (human) TW IND approval

. on Aug. 23, 2016
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Platelet-derived Extracellular Vesicles applied in Ophthalmology

Ching-Li Tseng
Graduate Institute of Biomedical Materials and Tissue Engineering, Taipei Medical University, Taiwan

Abstract

Eextracellular vehicles (EVs), are nature nanoparticles secreted from variant cells when its
undergo activation or stimulation. EV derived from platelets (PEVs) are drawn attention due to ease
purchase from blood and purification. The PEVs, with lipid bilayer membrane and nanosized, can be
easily endocytosed into cells; thereby, increasing its bioavailability for affect cells. PEVs itself possess
variant growth factors making its own as therapeutic agent. However, some growth factors in PEVs,
such as VEGF/FGF, may promote angiogenesis. Since nanomedicine offers advantages over
traditional therapies in eyes by overcoming the ocular barriers to enhance its retention on eye to cause
high bioavailability. In this study, PEV was combined with an anti-angiogenetic agent, kaempferol
(KM), a flavonoid active compound, as a nanocomplex for inhibiting abnormal vessels formation in
eye. The characterization results indicated successfully preparation of the KM-loaded PEV (PEV-KM)
with a nanoscale diameter (~160 nm) and acceptable KM loading rate (~61%). The PEV-KM can be
highly uptake into human umbilical vein endothelial cell (HUVECs) and lead to a lower wound
closure rate, tube formation capacity decreased in HUVEC when compared to free KM and PEV,
individually. A longer retention time on mice eyes of PEV and PEV-KM was proofed. Finally, in the
animal studies, an alkali-burned cornea neovascularization (Cn-NV) and laser-induced choroidal
neovascularization (Ch-NV) model were used to evaluate its in vivo therapeutic effect. The eyedrops
contained PEV or PEV-KM were topical delivery to mice eye once daily for Cn-NV test. It’s
demonstrated the PEV and PEV-KM treated eyes revealed good wound healing, and the PEV-KM one
shown better capacity to reduce vessel amount and reducing inflammation in cornea. For the Ch-NV,
intravitreal injection of PEV-KM was employed, and fundus fluorescein angiography (FFA) results
revealed les vessel area observed in PEV-KM treated group. Thus, we believed that PEV itself or drug
loaded one, PEV-KM, are effective nanomedicine with no side-effects, and has high therapeutic
potential for ocular neovascularization application in the future.

Keywords: Eextracellular vehicles; platelets; kaempferol; anti-angiogenesis, ocular, cornea, choroid
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15:50~16:10
1-13

Intervertebral Disc Degeneration and Regeneration

Tsung-Ting Tsai
T £ A %5 £ g SR L

Abstract

Degenerative disc disease is a chronic process that can clinically manifest in a number of
disorders. Appropriate gene expression in the intervertebral disc is essential for the maintenance of
the extracellular matrix. Three groups of degenerative and non-degenerative discs were analyzed in a
study approved by the Human Subjects Institutional Review Board of Chang Gung Memorial Hospital.
We identified 14 genes that were significantly differentially expressed among the three groups (log
ratio >0.5 or <-0.5 in all three groups). The findings of this microarray study provide a powerful
approach to help expand our understanding of disc aging and degeneration, including expanded
capacity to identify large numbers of new candidate genes for use as new prognostic markers and
therapeutic targets.

Diabetes mellitus (DM) has been clinically proved to be a risk factor for disc degeneration, and
the accumulation of advanced glycation end products (AGEs) is known to be potentially involved in
diabetes. Our findings suggest that AGEs and DM are associated with disc degeneration in both
species tested. Hyperglycemia in diabetes enhances the accumulation of AGEs in the NP and triggers
disc degeneration.

However, degeneration of the disc is not isolated; it's linked to degenerative changes in nearby
spinal tissues. Effective regenerative treatments will likely need to encompass and tackle the
pathology of these adjacent spinal structures, not just focusing on the disc components alone. This
report provides an overview of the current understanding in this field, exploring the connections
between back pain, disc degeneration, and the deterioration of adjacent structures like cartilaginous
and bony endplates, the interface between the annulus fibrosus and vertebral body, facet joints, and
spinal muscles. Additionally, it discusses regenerative approaches for addressing pain and
degeneration from a holistic perspective, considering the entire motion segment.
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Engineering Adipose-Derived Stem Cells with Higher Regenerative Capability for
Clinical Application

Nai-Chen Cheng, MD, PhD - 2:
! Department of Surgery, National Taiwan University Hospital and College of Medicine, Taipei, Taiwan
2 Research Center for Developmental Biology and Regenerative Medicine, National Taiwan University,
Taipei, Taiwan

Abstract

Stem cell therapy have raised significant interest for their potential therapeutic applications in
regenerative medicine. Among the various sources of stem cells, adipose-derived stem cell (ASC)
represents an abundant cell source that can easily be accessed from subcutaneous adipose tissue
through minimal surgical intervention, such as liposuction. However, the regenerative effects of ACSs
from diabetic donors are impaired, and whether a high-glucose (HG) to low-glucose (LG) culture
environment in vitro can affect the regenerative property of diabetic ACSs has not been determined
previously. Our study demonstrated decreased cell proliferation and migration with enhanced
senescence in non-diabetic human ASCs cultured in a HG condition in vitro. Similar findings were
noted in ASCs derived from diabetic mice. The inferior cellular functions could be partially recovered
when they were cultured in a LG condition. In an animal study, wounds in diabetic mice healed faster
when treated with either HG or LG-cultured diabetic ASCs relative to the control group. Moreover,
higher collagen density, more angiogenesis and cellular retention of applied ASCs were found in
wound tissues treated with LG-cultured diabetic ASCs.

Moreover, we sought to develop a continuous cell production system that can mass-produce ASCs
with sustained regenerative capacity. Previously we have found spheroid formation of ASCs on
chitosan (CS) films with enhanced stemness and differentiation capabilities. Therefore, we developed
a strategy of blending pH-responsive CS with polyamide-66 (PA) to generate combined surface
properties with controllable cell growth/detachment ability to achieve a repeated cell production
process. In this study, all the polymer blends were capable of completing a minimum of four
consecutive production cycles, wherein the PA17CS blend (PA:CS = 1:7) outperformed with respect
to the working effectiveness and the cell viability. Compared to the conventional trypsin-based method,
ASCs harvested from PA17CS exhibited superior stemness characteristics along with SDF-1-
mediated CXCR4 chemotactic response for stem cell homing. In an ischemic flap model in rats,
injection of ASCs generated from PA17CS blend could more effectively induce neovascularization
and protect skin flaps from distal necrosis. Hence, this pH-responsive platform not only boasts
effectiveness in stem cell expansion but also provides more therapeutic opportunities for the
regenerative medicine.
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Engineered Hetero Nanostructures for Photocatalysis Mediated Intratumoral
H:S Splitting and Drug-free Colon Cancer Therapy

> fg lx

Arjun Sabu' § #8% ¥ s
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Introduction : The tumor microenvironment of the 3™ most common cancer, colorectal cancer (CRC)
is characterized by the presence of endogenous gaseous transmitter hydrogen sulphide (H2S) (0.3 to
3.4 mmolL™"). Photocatalysis mediated drug free cancer therapy using NIR activable nanocatalyst
have been recently used to treat tumors. Bismuth sulphide (Bi2S3) is a narrow band gap photo
catalyst that transit electrons in the valance band (VB) to conduction band (CB) under NIR
irradiation and generate electron-hole pairs. Taking account, Bi:S3@C/Pd-BSA hetero
nanostructures (HNSs) was synthesised for intratumoral H>S photocatalytic splitting and hydrogen
(H2) generation. The heterostructure formation enhances the 1) photothermal efficiency 2)
continuous H> production 3) continuous H>S depletion and 4) oxygen (O2) production from H2O».
The generated H» gas induces mitochondrial damage that decreases cellular energy consequently
reducing the expression of heat shock protein, enhancing the efficacy of photothermal treatment
(PTT). Both H>S depletion and O production relieve hypoxia and modulate the tumor
microenvironment.

Materials and methods : Bi»S3@C was successfully synthesized by glucose assisted hydrothermal
process and Pd nanoparticles were decorated in situ on the surface of Bi:S;@C to construct
BixS;3@C/Pd HNSs. Different material characterizations and measurements were conducted to
evaluate the size, stability, and photocatalytic properties of Bi»S3@C/Pd HNSs. CT26 colon
carcinoma cells were used to check the effect of Bi2S3@C/Pd HNSs in vitro. Further, a subcutaneous
CT26 tumor model was used for the in vivo studies.

Results : Both in vitro and in vivo studies show the effective depletion of H>S and generation of H»
under BizS;@C/Pd HNSs+NIR treatment. Photothermal conversion efficiency as well as Oz
evolution were also increased. The in vivo studies show successful inhibition of tumor growth,
modulation of hypoxia and tumor microenvironment.

Conclusion : BixS3@C/Pd HNSs which were capable of splitting intertumoral endogenous H>S/HS-
into molecular H> upon NIR irradiation (808nm) via photocatalysis were successfully designed and
developed. Few nm layer thick carbon over the surface of Bi>S3 reduces the photo-corrosion and Pd
decoration effectively prolonged the carrier lifetime by preventing the recombination of electron and
holes for continuous H>S splitting, H> generation and effective PTT for cancer treatment.
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Harnessing Semiconductor Alchemy: Copper Selenide Nanoparticles for
Synergistic Cancer Therapy

Manoj Kandel' /& #F ! Arjun Sabu! § 48 % 2% st fg 1%
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Introduction : In this work, we report in vivo band gap changing NIR-II responsive copper selenide
nanoparticles for synergistic cancer therapy. Copper deficient copper selenide nanoparticles (Cux«Se
NPs) were synthesized by one step hydrothermal process and surface modified with bovine serum
albumin (BSA) for colloidal stability. Cuz.xSe NPs reacts with and deplete overexpressed H>S in
colon cancer cells to form CuSSe NPs. While doing so, the band gap of nanoparticles is changed and
subsequently the photothermal property is enhanced. Potential of endogenous change in the band gap
of nanomaterials is postulated for the first time in this work. Copper containing nanoparticles is
advantageous in remodeling cancer microenvironment in different ways. We use bivalent copper to
deplete the level of glutathione (GSH) and to produce hydroxyl radical (*OH) via Fenton like reaction
that promote cell death by apoptosis. CuxSe NPs prepared herein is 56 nm in size and possess
excellent photothermal property, acts as a HoS depleting agent and catalyze GSH oxidation. It’s
effectiveness in cancer catalytic therapy were analyzed using CT 26 colon cancer cells in vitro and
subcutaneous tumor model. Our study presents endogenously band gap changing nanoparticles for
synergistic cancer therapy.

Materials and methods : We use one step hydrothermal reaction to synthesize copper selenide
nanoparticles. CT26 cells were used for in-vitro cell experiments and subcutaneous CT26 tumor
model was used to analyze the in vivo therapeutic outcomes of the NPs.

Results and discussion : In-situ characterization revealed hexagonal Cuz.«Se NPs of ~56 nm. Cu,.
xSe NPs alters band gap after reaction with H>S to enhance photothermal property. In situ, in vitro as
well as in vivo experiments proved effective GSH depletion, H>S scavenging property, enhanced
photothermal property and ROS production by nanoparticles.

Conclusion : Our findings show the synergistic tumor treatment by band gap changing copper selenide
nanoparticles.
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Integration of Bacterial Cellulose Membrane and Human Adipose-Derived
Stem Cell Sheets for the Enhancement of Diabetic Wound Healing
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Introduction : Cell sheet composed of adipose-derived stem cells (ASCs) are increasingly recognized
in regenerative medicine, especially for their efficacy in wound healing. Traditional ASC sheets, while
effective, face challenges in detachment and harvesting due to their fragile nature. Addressing this,
our research has ventured into combining ASC sheets with bacterial cellulose (BC), an economical
biomaterial, aiming to innovate chronic wound dressings for practical clinical use. Although BC is a
commonly used material, the cultivation of cell sheets on bacterial cellulose has not been previously
explored. This research delves into the synergistic effects and mechanisms of the ASC-BC composite,
specifically targeting its role in the healing of diabetic chronic wounds.

Materials and Methods : Adipose-derived stem cells (ASCs) were cultured on bacterial cellulose
(BC) membranes with L-ascorbate 2-phosphate for seven days to form BC sheets. Material
characterization and cell morphology on BC sheets was analyzed. Cellular responses, focusing on
angiogenesis and wound repair, were evaluated. The effectiveness of ASC-BC sheets in full-thickness
diabetic wound healing was also assessed in vivo.

Results : The BC sheet exhibited comparable cellular viability to cells cultured on traditional TCPS.
In vitro analyses demonstrated a significant enhancement in the proliferation and tube formation of
human umbilical vein endothelial cells (HUVECs). Additionally, it promoted proliferation and
migration in fibroblasts (HS68) during wound healing assays. In vivo investigations using diabetic
full-thickness skin wounds showcased remarkable improvements in healing with the BC sheet,
particularly in terms of accelerated wound closure.

Discussion : The BC sheet composite exhibits several advantageous properties, including ease of
handling and cost-efficiency, in addition to promoting cell proliferation, angiogenesis, and epithelial
repair, all of which are crucial for chronic wound healing. The remarkable acceleration of wound
healing in vivo highlights the therapeutic potential of BC, especially in the treatment of chronic
wounds, including those in diabetic models.

Conclusions : This study demonstrates that bacterial cellulose (BC) serves as an effective scaffold
for cell sheet cultivation, offering advantages over traditional methods. The integration of BC with
adipose-derived stem cell (ASC) sheets significantly enhances the healing of chronic diabetic wounds,
suggesting its potential utility in clinical applications for advanced wound care.
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Introduction : This study combines magnetic hyperthermia therapy with chemotherapy to provide a
new option for cancer treatment. We used the thermal decomposition method to synthesize iron-
platinum nanoparticles (FePt NPs) and modified them with chemotherapeutic drugs, methotrexate
(MTX), and SN38. SN38 is commonly used in the treatment of colorectal cancer, while MTX can
target cancer cells. The dual-drug-modified FePt nanoparticles were injected into the cancer site and
subjected to high-frequency alternating magnetic fields for magnetic hyperthermia therapy.
Transmission electron microscopy (TEM) revealed that the particle size of the material was
approximately 17.56 = 2.94 nm. The cytotoxicity results showed that the FePt nanoparticles had a cell
survival rate of over 70% at concentrations below 250 pg/mL. The results of magnetic hyperthermia
cellular therapy showed that the cell viability was suppressed by 11.56%.

Materials and Methods : First, FePt NPs are synthesized using iron acetylacetonate, platinum
acetylacetonate, 1,2-hexadecanediol, oleic acid, and 1-Octadecene (ODE). Subsequently, the surface
of FePt NPs is modified using cysteine to introduce amino functional groups. Next, SN38 and MTX
surface-modified with EDC and NHS are added to the system. Finally, the synthesis of FePt-SN38-
MTX is achieved.

Results and Discussion : The synthesized FePt nanoparticles were confirmed to be composed of iron
and platinum through X-ray diffraction analysis (XRD) and X-ray photoelectron spectroscopy (XPS).
Transmission electron microscopy (TEM) revealed that the particle size of the material was
approximately 17.56 = 2.94 nm. Fourier-transform infrared spectroscopy (FT-IR) and ultraviolet-
visible spectrophotometry (UV-Vis) confirmed the successful loading of both drugs on the surface of
the FePt nanoparticles. The results of the superconducting quantum interference device (SQUID)
analysis confirmed the material's superparamagnetic properties, making it suitable for use as a contrast
agent in magnetic resonance imaging (MRI) and heating in cancer thermotherapy using high-
frequency fields. The cytotoxicity results showed that the FePt nanoparticles had a cell survival rate
of over 70% at concentrations below 250 png/mL.

Conclusions: According to the experimental results, this study successfully synthesized iron-platinum
nanoparticles carrying dual drugs with excellent biocompatibility. Through magnetic field heating,
heat energy is generated to accelerate drug release, achieving the combination of hyperthermia and
chemotherapy and effectively inhibiting the growth of cancer cells. This material also provides
outstanding MRI imaging effects, offering a new option for diagnosing and treating cancer.
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IL-1 Stimulated Chondrocytes

Mg BEH Mt
Rame it F1iy |

Introduction : Osteoarthritis (OA) is a common symptom of cartilage inflammation. It is caused by
external impact and long-term wear and tear of cartilage. This symptom is accompanied by joint
stiffness, redness, swelling and pain. Common treatments include painkillers, steroids, or hyaluronic
acid injections. However, these can only delay the disease but do not cure OA. In recent years,
exosomes derived from mesenchymal stem cells (MSC) have been found to have cartilage repair and
anti-inflammatory effects. Therefore, this study tries to isolate MSC exosomes by 2D monolayer and
3D micromass cultivation and analyze the impact of them on chondrocytes.

Materials and Methods : Two types of exosomes including A (2D monolayer cultured / o-MEM)

and B (3D micromass cultured / a-MEM) were prepared and added into medium after IL-1f3
stimulation. Exosomes treatment effects were evaluated by BCA, WST, and ELISA assay.

Results : In this study, the protein concentration of MSC exosomes isolated from 2D and 3D cultured
on days 1, 3 and 8 was evaluated. Results showed that under the conditions of 2D cultured exosomes,
on day 8 there was highest protein concentrations. Comparing the results of 2D and 3D MSC
exosomes, it can be seen that the protein content of exosomes extracted under 3D culture is higher.
Next, cell viability analysis was performed. IL-1B at 10 ng/ml was added on day 1 to induce
inflammatory response, and then exosomes were added at the following day for cell viability analysis.
On the third day, it can be seen that the effect of adding 3D MSC exosomes is better than 2D MSC
exosomes (no significant difference).

Discussion : From the BCA assay, it can be seen that the content of exosomes extracted in 3D in this

study is higher than that in 2D, and the protein concentration reaches about 300 pg/ml. Then in the
cell viability, we can see that after IL-1f stimulation at day 1, exosomes addition can increase cell
viability. On the third day, the cell viability in 3D exosomes groups is better than that in 2D grouos.
In the future, we will conduct gene expression analysis and anti-inflammatory protein analysis.
Conclusions : Based on current research findings, we discovered that exosomes isolated from the 3D
micromass culture system can enhance cellular activity. These exosomes may have potential
applications in the treatment of early-stage osteoarthritis. Subsequent analysis, including gene
expression and anti-inflammatory protein assessments, will be conducted to further explore the
outcomes of this study.
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Comparing the Therapeutic Efficacy of Human iPSC-derived Exosomes (hiPSC-Exos) and
hiPSC-derived MSC Exosomes (hiMSC-Exos) in Osteoarthritis Treatment
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Introduction : Mesenchymal stem cells (MSCs), featured in in vitro proliferation and maintained
multipotency, possess advantages like multipotency, immunological compatibility, and a lower
probability to form teratomas. On the other hand, induced pluripotent stem cells (iPSCs),
characterized by self-renewal and pluripotency, provide a limitless cell source. Exosomes secreted
from both cell types play roles in tissue repair, and hiPSC-derived MSCs (hiMSCs) combines the
advantages of both cells. Our study focuses on whether iPSC-derived exosomes (hiPSC-Exos) or
hiPSC-derived MSC exosomes (hiMSC-Exos) treatment can suppress the progression of osteoarthritis
(OA), and we also aim to compare their effects.

Materials and Methods : This experiment involves assessing and comparing the effects of exosomes

from hiPSCs and hiMSCs on normal human articular chondrocytes (HACs) after terminal
differentiation induced by AzaC (or IL1 treatment) for 24 hours, and with or without adding 108
exosomes (exos). Hence, the study consisted of six groups: Control, hiMSC-Exos, hiPSC-Exos, IL1,
IL1+hiMSC-Exos, IL1+hiPSC-Exos. Cells from all groups were harvested on specific days to analyze
cell morphology, the presence of senescent cells, glycosaminoglycan (GAG) deposition, and cell
viability, using a microscope, -Galactosidase staining, dimethylmethylene blue (DMMB) assay, and
MTS assay, respectively. Additionally, gene expression, including IL-1, MMP-13, COL-X, and COL-
I, was analyzed by real-time PCR.

Results : We successfully derived MSCs from 1PSCs and confirmed positive and negative CD markers.
Also, we successfully extracted exosomes from both iPSCs and hiMSCs, and assessed their protein
markers, such as CD9 and CD63. After IL-1 treatment, the cell morphology showed a reduced number
and unhealthy appearance, while -galactosidase staining revealed an increase in senescent cells, and both
of which reversed after treating hiPSC-Exos and hiMSCs-Exos. However, MTS assay for evaluating cell
viability showed no significant difference after IL-1 treatment with or without exosomes. Moreover, after
IL-1 treatments with exosomes, PCR showed that the gene expression of IL-1, MMP-13, and type X
collagen were suppressed, while type II collagen was enhanced; and DMMB assay indicated the increase
of GAG synthesis. Nevertheless, when comparing hiPSC-Exos and hiMSCs-Exos, hiPSC-Exos exhibited
better effects on gene expression, while hiMSC-Exos had a better outcome in GAG synthesis.
Discussion : The results showed that both hiPSC-Exos and hiMSCs-Exos have a regenerative potential
in HACs, and the identified protein markers in exosomes allow us to predict possible involved signaling
pathways. When comparing the exosomes treated after IL1 treatment, hiPSC-Exos exhibit better effects
on gene expression such as chondrogenesis markers like type II collagen, degeneration markers like type
X collagen and MMP-13, and inflammation marker like IL-1, indicating the group of cells being healthy,
less degenerative, and anti-inflammatory, respectively; yet, hiMSC-Exos demonstrate a better outcome in
GAG synthesis, showing the properties of compressive stiffness and load-bearing in such group.
Conclusions : In conclusion, we found that both hiPSC-Exos and hiMSCs-Exos have significant potential
in improving damaged cells, while featured in different ways. In future research, it is anticipated to study
the relation between miRNA in exosomes and gene function of HACs in OA repair. Moreover, we aim to
deepen the research in testing the efficacy of hiPSC-Exos and hiMSC-Exos in different OA models.
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Extracellular Vesicles from Stem Cells Apply to Severe Bone Defect —
Animal Experiment
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Introduction : Extracellular vesicles (EVs) play a pivotal role in facilitating intercellular
communication and have emerged as a promising non-cellular therapeutic approach in clinical
applications. Stem cell-derived EVs, particularly those obtained from induced pluripotent stem cells
(iPSCs), have become a focal point in research, especially for their potential in addressing unhealed
fractures as an alternative to traditional methods such as bone grafting or artificial substitutes. This
study aims to explore the impact of iPSC-derived EVs on bone healing through their administration
into mice with tibia defects.

Materials and Methods : The experimental design involved the administration of iPSC-derived EVs
to BALB/c mice with tibia defects, dividing them into a control group and an iPSC-EV group, each
consisting of 5 mice. Surgical procedures prioritized minimizing mouse discomfort. Bone growth was
assessed after two and four weeks using a Micro Computed Tomography Imaging System (uCT) and
immunohistochemical staining techniques, including H&E, BMP2, and vWF.

Results : After two weeks, mice treated with iPSC-EVs (bone volume 3.62+0.18 mm?, p=0.0001)
exhibited significantly increased callus formation around the tibial fracture site to the control group
(2.29+0.20 mm®) in pCT analysis. Connective tissue volume was also significantly elevated in the
iPSC-EV group (5.44+0.36 mm?, p=0.03). However, cortical bone porosity showed no significant
difference between groups. Additionally, iPSC-EV-treated mice demonstrated significantly larger
areas in H&E (59.1+9.4 kilo-pixel, p=0.024), BMP2 (57.6+8.4 kilo-pixel, p=0.033), and vWF staining
(42.3+16.2 kilo-pixel, p=0.016) after two weeks.

Discussion : In pCT analysis, mice tibia injected by iPSC-EV exhibited a significant increase in both
callus volume and connective tissue, which suggested that extracellular vesicles secreted by induced
pluripotent stem cells have potential to enhance the reparative capacity of the mice tibia. Furthermore,
H&E staining revealed a homogeneous eosinophilic callus surrounded by hematoxylin-stained
chondrocytes and fibroblasts. The callus area in the iPSC-EV group was nearly three times that of the
control group during the defected bone callus phase. We can deduce an early onset of endochondral
ossification in mouse tibiae after two weeks of iPSC-EV administration happened. Additionally, we
focus on BMP2 (bone morphogenetic protein 2) whose function is to induce osteochondral progenitor
cells into osteoblasts by synergy of inflammatory cells and blood vessels. Consistent with our
experiment, higher BMP2 accelerate osteoblast formation directly contributing to osteogenesis.
Finally, the elevated levels of vWF (Von Willebrand factor) produced by vessel endothelial cells
successfully demonstrated the ability of iPSC-EVs to stimulate angiogenesis.

Conclusions : In conclusion, our findings indicate extracellular vesicles obtained from induced
pluripotent stem cells possess a robust ability to expedite endochondral ossification, as evidenced by
CT analysis and tissue staining. The iPSC-EVs could potentially induce similar reparative effects as
stem cells with a lower likelihood of rejection by the human body, holding promise for advancing
non-cellular therapeutic strategies in bone repair applications.
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Tailoring of Adipose-Derived Stem Cells Secteome in Enhance Chronic Wound Healing in
Type 1 Diabetic Rat
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Introduction : Non-healing foot ulcers in patients with diabetes are the leading cause of complications
such as infection and amputation. Accordingly, we hypothesize that the secretome derived from
cultured adipose-derived stem cells (ASCs), particularly under hypoxic conditions, may facilitate the
healing of chronic wounds. This study investigated whether hypoxia-induced secretome (HIS) derived
from ASCs could enhance wound healing as a primary factor by promoting angiogenesis.

Materials and Methods : The ASCs were collected and divided into a normoxic group and a hypoxic
group, whose oxygen fraction is 21% and 1% respectively. The enzyme-linked immunosorbent assay
was used to detect the content of TGF-B1, basic FGF (bFGF), and VEGF. In vivo, the diabetes rodent
dorsal wound healing model was carried out to demonstrate the therapeutic effects of HIS.

Results : The morphological changes of ASCs did not show obvious differences under hypoxia or
normaxia conditions. TGF-B1, bFGF, and VEGF were significantly increased in the hypoxia group,
as compared to that in normaxia. HIF-1a expression of ASCs revealed a significant increase. HIS
could enhance chronic wound healing by promoting angiogenesis in a streptozotocin-induced diabetes
rodent dorsal model.

Discussion : We have demonstrated a role for hypoxia-precondition cultured medium in wound
healing in STZ-induced diabetic rats. The results showed markedly increased expression of HIF-1
and VEGEF portion levels in the hypoxia-treated group compared to the control group in ASCs. We
have histologically observed a better formation of granulation tissue with marked proliferation of
fibroblasts, increased vascularization, and deposition of collagen fibers after HIS treatment. The
results suggest a better and accelerated wound healing in diabetic rats treated with HIS.

Conclusions : Because HIS can promote the secretion and expression of growth factors, it can
significantly improve the speed and quality of wound healing.
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The Impact of Extracellular Vesicles (EVs) of Human Induced Pluripotent Stem Cells
(iPSCs) and iPSC-derived Mesenchymal Stem Cells (iMSCs) on Osteogenic Differentiation
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Introduction : Osteoporosis and bone defects pose significant challenges in contemporary orthopedics.
Therefore, this study aims at addressing these issues by promoting stem cell-mediated bone
differentiation and subsequently repairing bone defects. Extracellular vesicles (EVs) exhibit
promising therapeutic effects on damaged cells while demonstrating lower immunogenicity, which
means EVs are safer than conventional cell therapies. Moreover, patient-specific induced pluripotent
stem cells (iPSCs) hold immense research value due to their rapid proliferation and lack of immune
rejection risk while iPSC-derived mesenchymal stem cells (iMSCs) exhibit robust proliferation,
differentiation, and therapeutic efficacy. To sum up the benefit mentioned above, this study
hypothesizes that EVs of iPSCs and iMSCs can stimulate bone cell differentiation and regeneration,
consequently aiding in bone defect repair.

Materials and Methods : Our study utilized EVs purified from iPSCs and iMSCs cultured cell

supernatants to assess their impact on osteogenic differentiation of murine bone marrow mesenchymal
stem cells (D1 cells). The evaluation concluded the observation of upregulated RNA after 1day and
2days culture as well as protein expression of osteogenic markers (BMP2, RUNX2, OC, CoLI, ALP)
after 3days and 5days culture, and the enhancement of calcium deposition following Alizarin Red S
staining (ARS) after 4 to 7 days culture.

Results : In this research, iPSCs and iMSCs were confirmed to be successful differentiated and their
EVs were appropriately purified by CD markers. At first, we found that iPSCs and iMSCs conditioned
medium had the effect of promoting D1 cell osteogenic differentiation. Subsequently, after purifying
EVs from iPSCs and iMSCs conditioned medium and culturing D1 cell for 7 days, the upregulation
of osteogenic markers indicated that cells were undergoing osteogenic differentiation. We identified
that RNA upregulated after 1day culture while iPSC-EVs demonstrated better efficacy in ALP,
RUNX2, BMP and iMSC-EVs had higher scale of upregulation in CoLI, OC. In Western Blot analysis,
both iPSC-EVs and iMSC-EVs revealed benefit on upregulation of osteogenic markers after 3days
and Sdays culture. Subsequently, ARS staining disclosed that 5*10"8 particles/mL was the optimal
EVs concentration to maximize effectiveness in calcification, and iMSC-EVs performed better than
iPSC-EVs .

Discussion : Better effect in promoting osteogenic differentiation could be achieved after EVs
purification. It indicated that EVs were effective in osteogenesis and purification was crucial to
minimize the interference from other molecules in conditioned medium. Furthermore, iMSC-EVs had
better overall efficacy. The finding may be explained by previous studies that iPSCs are more
unspecialized while iMSCs are more differentiated as well as equivalent to normal MSCs and play
role in osteogenesis.

Conclusions : We verified that EVs, especially iMSC-EVs under concentration of 5*1078
particles/mL, are effective in promoting stem cell-mediated osteogenesis. Aiding in bone defect repair
can be anticipated.
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To Develop In-vitro Biomimetic Endometrium-like Tissues for Application
in Asherman's Syndrome
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Unlocking Scarless Wound Healing: Exploring the Therapeutic Potential of Axolotl
Decellularized Matrix
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Introduction : Axolotls are renowned for their remarkable regenerative abilities. Unlike mammals,

which typically heal wounds with scar formation, axolotls can regenerate full-thickness skin perfectly,
leaving no scars at the injury site. The extracellular matrix (ECM) plays a crucial role in orchestrating
the wound healing process, prompting the development of decellularized ECM (dECM) for
regenerative applications. However, the functional differences between dECMs derived from
regenerative and non-regenerative animals remain poorly understood. Building upon this premise, we
hypothesized that utilizing axolotl dECM (A-dECM) could enhanced scarless wound healing in
mammals.

Materials and Methods : We hypothesized that the therapeutic properties of dECMs are species-
specific, dependent on their detailed composition. dECMs derived from the skin tissues of mice (M)
and axolotls (A) were solubilized. To assess their therapeutic potential, we evaluated the dECMs in a
murine cutaneous burn model. The burn wounds were treated with PBS, M-dECM, or A-dECM, and
wound tissues were harvested for expression analysis and immunostaining related to inflammation
and fibrosis. Additionally, we stimulated human dermal fibroblasts (HDF) with TGF-B1 and treated
them with either M-dECM or A-dECM to investigate whether dECM can reduce fibroblast
transformation into myofibroblasts.

Results : The mice treated with A-dECM exhibited accelerated wound closure compared to the control

and M-dECM treated groups. Immunohistochemistry analysis of mice wounds on day 14 post-burn
showed a decrease in pro-inflammatory markers and an increase in anti-inflammatory markers
following A-dECM treatment, indicating its potential to modulate inflammatory responses.
Additionally, A-dECM treatment resulted in reduced expression of TXNDCS5, a marker associated
with fibrosis, in burn wounds on day 14. Stimulation of HDF with TGF-B1 and treatment with A- or
M-dECM showed lower expression levels of fibrotic markers in A-dECM compared to TGF-f1-
stimulated cells. These findings suggest that A-dECM may attenuate fibrosis by reducing the
expression of fibrotic markers and modulating inflammatory responses, providing insights into its
potential therapeutic mechanisms. Discussion : The reduced inflammatory response and absence of
fibrotic scarring in axolotls suggest that an inflammatory macrophage response may contribute to the
high collagen deposition observed in mammals, leading to scarring. Notably, inducing an
inflammatory response has been shown to inhibit regeneration and result in fibrotic scars resembling
those in mammals. Considering the ability of axolotls to prevent highly inflammatory responses, we
hypothesize that A-dECM may similarly mitigate inflammatory responses, thereby accelerating burn
wound healing in mice.

Conclusions : Our study provide valuable insights into the therapeutic potential of A-dECM in
promoting scarless wound healing in mammals and unravel the underlying molecular mechanisms
involved in its regenerative effects.
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Unsaturated Fatty Acids Promote Hair Growth by Forming Regenerative Catagen
to Bypass Telogen
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Introduction : Hair follicles (HFs) typically cycle through catagen (regressing phase) and telogen
(resting phase), then back into anagen (growing phase). Alopecia is often caused by prolonged stasis
in telogen during which hair follicle stem cells remain proliferatively quiescent. Whether and how
telogen can be bypassed while hair cycle propagation is maintained is unknown.

Materials and Methods : C57BL/6 mice were purchased from National Laboratory Animal Center.
Waxing strips were purchased from Vigill. Palmitic acid (PA), stearic acid (SA), palmitoleic acid
(POA), oleic acid (OA) were purchased from Cayman. Minoxidil (Mx) was purchased from Rogaine.
Ethanol(EtOH) was purchased from JT baker. Lgr5-EGFP-IRES-CreERT2 mice were purchased from
The Jackson Laboratory. Rosa-26:tdTomato mice and R26-Mito-EGFP mice were purchased from
RIKEN BioResource Research Center. Click-iT™ EdU Cell Proliferation Kit was purchased from
Invitrogen. PGCla antibody was purchased from Bioss(catalog: bs1832R).

Results : In this research, we found that topical unsaturated fatty acid (usFA) application not only
prolonged anagen but also fastened the entry into the next anagen. The new anagen HF was
regenerated from a catagen phase, or regenerative catagen, without forming a typical telogen HF
structure. Moreover, long term usFA treatment enables continued hair regeneration without stem
cells depleting. Cells in the lower tip of a regenerative catagen HF were of a stem cell property and
regenerated the whole lower epithelial segment of the new anagen HF. Compared with secondary hair
germ stem cells of telogen HFs, lower tip cells exhibited a transcriptional profile of a highly primed
state. Mechanistically, we found that usFA empowered lower tip cells by enhancing mitochondrial
biogenesis and fatty acid oxidation.

Discussion : Our research explores the impact of unsaturated fatty acids on mitochondrial function in
regenerative catagen hair follicle stem cells (rcHFSCs), uncovering potential links between
unsaturated fatty acids, mitochondrial biogenesis, and the promotion of hair growth.

Conclusions : In conclusion, we characterized the detailed process of the formation of regenerative
catagen, origin and molecular features of lower tip cells and the underlying regulatory molecular
mechanisms that accelerate anagen entry. This study has provided new insight into the effect of fatty
acid metabolism on hair growth and provide novel strategies for the treatment of hair loss.
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Advancing Real-time Biomedical Analysis with Surface Plasmon Resonance
Single-Particle Detection
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Introduction : Surface Plasmon Resonance (SPR) is a photoelectric effect observed at the metal-
dielectric interface, enabling real-time monitoring of molecular interactions without labeling. This
interaction principle applies to various analytes, from proteins to nanoparticles. In a continuous flow
system, nano to micron-sized particles interact at the sensor interface, causing a transient increase in
refractive index near the surface. These changes in refractive index result in variations in surface
plasmon waves, forming the basis of our single-particle detection technology. With this technology,
we aim to investigate the analysis of small molecules in proximity to the human body.

Materials and Methods : SPR experiments were conducted at 25 °C using a SensiQ discovery device

and COOHS sensor chip with PBS (pH 7.4) as the running buffer. Injecting a 30 pl mixture at a flow
rate of 5-50 pl/min until a steady state was reached, we observed responses on sensor chips from
various samples, including PS microplastics of different sizes and quantities, liquid environmental
molecules, single cells (PANC-1), nanoscale iron oxide, and low-concentration exosomes.

Results : Using our developed SPR single-particle detection, we established a linear relationship
between particle size and reaction intensity for PS microplastics with the same particle number. This
allows for the estimation of microplastic concentration in rainwater. Additionally, accurate detection
of single micron-sized biomolecules (PANC-1), nanoscale iron oxide, and exosomes (around 100 nm)
using anti-CD63 was successfully achieved through SPR technology.

Discussion : In addition to detecting and characterizing the non-bio-molecules at the micro-to-nano
level, SPR single particle detection technology can also detect bio-molecules such as PANC-1 tumor
cells and exosomes in real time without labeling.

Conclusions : SPR single-particle detection technology shows promising applications in biomedical
fields, including exosome analysis, single-cell typing, and real-time detection.
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Aerosol Delivery Nanoformulation for Pulmonary Fibrosis Treatment
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Introduction : Pulmonary fibrosis is a disease that active a series of signaling pathways during its

development, leading to the proliferation and differentiation of fibroblasts, resulting in lung damage
and loss of lung function. The treatment of the disease varies depending on the degree of fibrosis, with
the majority of patients undergoing oral medication therapy. However, frequent and high-dose oral
medication intake can lead to low patient compliance and severe side effects. Therefore, our goal is
to develop a novel inhalation nano formulation to investigate the therapeutic effects of aerosolized
drug delivery for the treatment of pulmonary fibrosis.

Materials and Methods : Dissolve type A gelatin in ultrapure water, then add N131 for mixing. After

completing the mixing, slowly drip acetone into the mixture to form nanoparticles. Subsequently, add
8% glutaraldehyde for crosslinking. After crosslinking, remove acetone using a vacuum concentrator,
and finally, use a protein concentrator to remove residual solvents and concentrate the nanoparticles
(GNP-N131). After concentration is complete, redissolve in ultrapure water.

Results : From this study, it was found that the encapsulation efficiency of N131 encapsulated with
GNP can reach 89.41%. DLS analysis of GNP-N131 revealed an average particle size is 90.83 nm,
and zeta potential is 16.2 showing a positive charge. Through TEM, it was observed that the GNP-
N131 have a stable spherical structure and are well-dispersed. In terms of drug release test, compared
to free form, GNP-N131 exhibited a slow-release ability. Finally, through cell viability testing, it was
determined that GNP-N131 could demonstrate inhibitory effects on fibroblasts on the third day.
Discussion : Respiratory delivery enables localized drug delivery, and particle size determines the
location within the lungs. Nanosizing the drug enhances its ability to reach the deep lung for cellular
uptake. DLS analysis of GNP-NT confirms that the particle size meets our requirements. The
characteristics of NPs allow for a slow-release effect, and in vitro drug release studies demonstrate a
sustained release extending until the third day, aligning with our expectations for low-dose medication
and prolonged efficacy.

Conclusions : Successfully prepared GNP-N131, and experimental results demonstrate that N131 can
effectively optimize its drawbacks through encapsulation by GNP. GNP-N131 achieves drug
nanoization, successfully achieving a slow-release effect. In vitro tests also show sustained inhibitory
effects on fibroblast cells.
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Chitosan-based Nerve Guiding Conduit for Peripheral Nerve Repair
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Introduction : Neurological damage poses significant challenges in therapeutic interventions,
necessitating the exploration of effective repair strategies. To address these limitations, the present
study investigates the potential of chitosan-based nerve conduits as an alternative therapeutic option.
Chitosan, recognized for its excellent biocompatibility, degradability, and ease of production, was
chosen as the primary material for crafting the nerve conduits.

Materials and Methods : The experiment utilized a 2% chitosan solution dissolved in 0.1 M

CH3COOH. Subsequently, the films were retrieved and subjected to a drying process. The dried films
were then immersed in NaOH solutions of 0.5 M, 1.0 M, and 1.5 M concentrations. Following this,
the films were rolled into tubes, and a comprehensive series of measurements was conducted. These
measurements included degradation testing, microstructure observation, bending angle and
mechanical property evaluation.

Results : The study involved producing chitosan films using varying sodium hydroxide concentrations
(0.5M, 1.0M, 1.5M) and assessing their tensile strength, resulting in values of 1.75 MPa, 1.98 MPa,
and 1.35 MPa, respectively. These films were then shaped into spacious conduits for nerve repair,
achieving average inner diameters of approximately 1.09+0.13 mm, 1.32+0.05 mm, and 1.33+0.11
mm, with corresponding outer diameters of 1.63+0.15 mm, 2.04+£0.07 mm, and 1.70+£0.15 mm.
Bending tests conducted on the fabricated conduits showed bending angles of 100.67+£17.48°,
48.42+11.40°, and 35.73+3.22°, respectively. Additionally, the conduit's degradation characteristics
were evaluated over a six-month period, demonstrating gradual degradation while maintaining
structural integrity.

Discussion : This study involved preparing chitosan films with different sodium hydroxide
concentrations for smoother microstructures. Bending tests highlighted superior bending ability in the
0.5M hydroxide concentration conduit, while tensile evaluation showed the highest strength in the
1.0M concentration. During the six-month degradation tests, the conduit maintained favorable
properties.

Conclusions : In summary, this study offers valuable insights into the practicality of chitosan-based
nerve conduits for nerve repair. The research findings on their mechanical properties, biocompatibility,
degradation traits, and nerve regeneration potential serve as crucial references for future
advancements in neural conduit materials and technology.
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Developing a MRI Trackable Tumor Bone Scaffold for Cancer Cell 3D Culturing
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Introduction : In the past, tissue analysis in three-dimensional models has typically involved

destructive methods. Therefore, the aim of this study is to develop a three-dimensional tumor scaffold
for non-invasive medical imaging observation. In contrast to regularly structured pore scaffolds
created through three-dimensional printing, this experiment utilized a three-dimensional GHG
scaffold with irregularly sized pores. Three-dimensional irregular pore scaffolds are better suited to
mimic the human body environment. However, recognizing these irregularities in imaging poses
significant challenges, requiring collaborative resolution through numerical analysis. The non-
invasive medical imaging observation model anticipated in this study is expected to facilitate
observation without damaging the sample which allows for quantitative analysis of the tissue within
the sample.

Materials and Methods : The 7T MRI was used as an imaging tool for both phantoms and external
three-dimensional scaffolds in this study. IMAGE J was employed as an image analysis tool. In order
to assess the clarity of MRI imaging between materials and cell clusters, unlabeled phantoms were
conducted initially. Subsequently, the tissue phantoms simulated with cells and gelatin were
performed for testing for differentiating scaffold materials, fixed solution, and tissue in the images.
Finally, MR imaging was conducted on the GHG scaffold and followed validation by H&E stain. The
numerical analysis was carried out via T2 mapping.

Results : In the MRI images were capable of distinguishing between materials and cells within
phantom and similar results were observed in scaffold images where the micron-sized pores were
clearly visible. Through image processing, it became possible to visualize large areas of tumor tissue
within the scaffold. Signal strength interpretation from scaffold images revealed a hierarchy: material
<< tissue ~ fixed solution. In addition, the tissue signals closely resemble fixed solution signals.
Although T2 mapping signal decay trends allowed for differentiation between solution and cells, and
the MRI can differentiate cells, distinguishing between different cell densities is still a work in
progress.

Discussion : Compared to MRI, pCT may offer superior resolution, but observing soft tissues in
medical imaging is challenging. In this experiment, MRI significantly distinguished between materials
and cells in both phantoms and external tumor models. However, the external model faced limitations
in visualizing large areas of tumor tissue, and small areas of tumor tissue within the pores still could
not be distinctly differentiated from the surrounding fixative solution.

Conclusions : MRI has significant potential for non-invasive observation. This study successfully
utilized MRI to distinguish large-sized tumor tissue and materials in imaging. The use of mapping
techniques further allowed for in-depth signal analysis, paving the way for achieving quantitative
tissue characterization in the future.
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Development of Nerve Guidance Conduit with Spatial Gradients of Schwann Cells
for Repairing Peripheral Nervous System
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Enhancing Osteogenesis: Synergistic Effects of Crimped Electrospun Scaffold
and ZIF-8 Nanoparticle Coating
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Introduction : Osteoconductive grafts are needed for reconstruction and repair of critical-sized bone
defects and non-unions. Electrospun scaffolds is a promising scaffold that can be fortified to enhance
osteogenesis [1]. Surface features such as nano- to microscale topography and porosity enhance
integration andosteoconduction [2-3]. We have previously generated wavy electrospun scaffolds that
enhanced collagen expression in fibroblasts [4]. In the current project, we introduce nanoscale
topography by coating the PLA fibers with ZIF-8 nanoparticles (NPs). This study investigates
interactive effects of fiber structure and surface topography on human mesenchymal stem cell (hMSC)
osteogenesis.

Materials and Methods : Polylactic acid (PLA) and polyethylene oxide (PEO) were electrospun as
previously described, followed by PEO removal to increase porosity [4]. Fiber wave was induced by
ethanol washes and heating. In the NP-coated group, the fibrous materials were immersed in zinc
acetate and 2-methylimidazole water-based reaction for one-pot synthesis. Fiber and ZIF-8
morphology were visualized with SEM and analyzed in Image J. All samples were treated with
polydopamine-assisted collagen coating to facilitate cell adhesion and infiltration [5]. Each 1x2 cm
scaffold was seeded with 80,000 hMSCs and cultured in osteogenesis medium that consisted of
DMEM supplemented with 10% FBS, 0.1 uM dexamethasone, 50 uM L-ascorbic acid-2-phosphate,
and 10 pM PB-glycerophosphate. Calcium content was assessed using alizarin red staining and
quantification.

Results : After 21 days, hMSCs cultured on NP-coated wavy scaffolds had significantly higher
calcium deposition compared with all other groups. A minor enhancement was also observed on the
neat wavy scaffolds compared with the straight fibers. Interestingly, NP coating had no effects on the
straight scaffolds, indicating synergistic effect of wavy fiber structure and NP coating. High
magnification SEM revealed that the ZIF-8 nanoparticles exhibited a hexagonal morphology, with
different sizes on straight (307 = 63 nm) and wavy fibers (99 = 30 nm).

Discussion : ZIF-8, a biocompatible NP, has been proposed for bone implant and tissue engineering
applications due to its antibacterial and drug-delivery abilities [6]. In this study, we report that
combination of nano- (ZIF-8 topography) and micro- (fiber structure) scale cues synergistically
enhances MSC osteogenesis. Nanotopography has been shown to regulate focal adhesion and receptor
co-signaling, which can interact with microscale cues to promote osteogenic pathways [7].
Alternatively, the nanoparticle size differences may contribute to the different cell responses.
Preliminary studies revealed that the ethanol wash step for generating the wavy fibers may change
surface energy of the polymer, thus resulting in different particle diameter[8]. Current studies are
investigating the individual roles and mechanisms of NP size and fiber structure on regulating
osteogenesis.

Conclusions : In summary, we demonstrate the synergistic osteogenic enhancement of our electrospun
scaffold with nanoparticle coating. Our findings highlight the synergistic effects of nano and micro
cues on MSC behavior and future studies will incorporate osteoinductive reagents for targeted
delivery in bone tissue engineering.

46



FMEPENLLFEL AT E
2024 5 S REIPEE LT G

References :

[1] Lin CC, Ju FS, Mat Sci Eng C 2016, 58:254.

[2] Cooper LF. J Prosthet Dent. 2000, 84:522.

[3] Dalby MJ, et al. Nat Mater. 2007, 6:997.

[4] Chao PG et al, Biofabrication 2014, 6:035008.

[5] Chang CW et al, Tissue Eng A 2020, 26:102.

[6] Hoseinpour V and Shariatinia Z, Tissue & Cell 2021, 72:101588.
[7] Yang J, et al. ACS Nano. 2014.

[8] Chen P et al. Ecotoxic Environ Safety 2020, 205,:111110.

47



FMEPENLLFEL AT E
2024 5 S REIPEE LT G

P-20
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Introduction : The tumor tissue formed by cancer cells has always been a major obstacle in the clinical

treatment of cancer. Many literatures have pointed out that the matrix tightly wrapped around some
cancer tumor tissues may be one of the reasons for the decrease in the penetration ability of therapeutic
drugs. Pancreatic cancer ranks among the cancers with the highest mortality rate in the world. It is
caused by the difficulty of clinical treatment. It is mentioned in the literature that the delivery of
therapeutic drugs in pancreatic cancer tumors is not effective, which is due to the formation of a rich
extracellular matrix (ECM) outside the tumor. The aim of this study is to introduce an innovative
method for realistically simulate the pancreatic cancer tumor microenvironment by using the three-
dimensional (3D) structure and more accurately evaluate the effect of anti-cancer drugs by culturing
PANC-1 cells in vitro enriched with extracellular matrix.

Materials and Methods : The 3D structure was enriched with ECM to simulate the microenvironment
and the PANC-1 cells were cultured and analyzed using the scanning electron microscopy (SEM).
Afterward, the cultured cells were stained with H&E stainnig and analyzed with image software. To
determine the IC50, gemcitabine and Erlotinib drugs were applied to the cells and analyzed.

Results : We obtain a 3D structure enriched with ECM by using PANC-1 cells. Furthermore, through
drug applications, we demonstrated an increase in IC50 at a specific level.

Discussion : The crucial role of the ECM in influencing drug delivery significantly contributes to the
challenges in treating pancreatic cancer. To address this, we successfully simulated pancreatic cancer
tumor tissue by stimulating the microenvironment and EGF. Applying this model to drug testing
yielded surprising results, indicating an upward trend in IC50 compared to traditional two-dimensional
culture. We hypothesize that the observed increase in IC50 may be directly correlated with the
formation of tissues rich in ECM.

Conclusions : The study highlights the crucial role of the extracellular matrix in tumor tissue also
underscores the significance of considering the ECM in drug testing, shedding light on its potential
influence on drug efficacy within the tumor microenvironment.
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Polydopamine-dressed 3D Stem Cell Spheroid-derived Decellularized Extracellular
Matrix Scaffolds for Promoting Tissue Regeneration
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Porous, Injectable, Expandable, Angiogenic Scaffold for Adipose Tissue Regeneration
FEoode TEIB AT
¢ W%é’g"‘ éi*%%élﬁiﬁﬁiéfiéﬁil ¢ @q%@%’g," —’%ﬁi*;'%g—’%ﬁiﬁ;i ':'Li'z

Introduction : Regenerative aesthetics is an emerging field aimed at rejuvenating aging tissues using
regenerative medicine, especially for facial aesthetics. Autologous fat grafting has been used to plump
up sunken areas with a more natural appearance than dermal filler implantation. However, autologous
fat grafting is limited by post-operative volume loss due to ischemia-induced cell death in fat grafts
and fat absorption in the long term. Here, we developed a dermal filler named “porous, injectable,
expandable, and angiogenic scaffold (PIEAS),” which can carry fat graft to restore volume and
improve fat graft survival by promoting angiogenesis.

Materials and Methods : The microbubble scaffold was fabricated using a homemade microfluidic
device that can easily control the bubble size and foam quality. Due to its porous structure, our filler
can accommodate the micronized fat to support cell proliferation. In addition, we incorporated VEGF-
laden nanoshell in the filler to facilitate angiogenesis because the supply from the bloodstream is the
key to enhancing the survival of implanted fat.

Results : Our filler exhibits favorable features for fat transplantation, including biocompatibility,
biodegradability, high-porosity, injectability, stretchability, and proangiogenic capability. These
validations were completed using in vitro, in ovo, and in vivo assays. The excellent biocompatibility
and low cytotoxicity of PIEAS were tested using PrestoBlue™ and LDH assay, respectively. The
proangiogenic capability was tested using in vitro HUVEC tube formation assay and in ovo CAM
assay, and results indicated VEGF-laden nanoshells promote vascular network and angiogenesis in
chicken eggs. Most importantly, the results of subcutaneous implantation in mice demonstrated that
the SFVNS+Fat exhibited better volume maintenance and angiogenesis than fat grafting: volumes
were maintained at 81% v.s. 45%; the expression level of CD31 was higher.

Discussion : Autologous fat grafting is widely used to fill soft tissue and contour defects because of
its relatively low cost, ease of harvesting, low donor site morbidity, and lack of allergic reactions.
However, the average volume loss after autologous fat grafting has been reported to be 50% due to
fat absorption and ischemia-induced necrosis. Our PIEAS demonstrated better volume maintenance,
and its porous structure provides a favorable microenvironment for cell homeostasis and adipogenesis.
In addition, the angiogenic VEGF nanoshell can reduce ischemia-induced cell death through
vascularization.

Conclusions : Overall, this study suggests that the PIEAS holds a promise to advance autologous fat
grafting for better volume restoration with long-term efficacy.
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Therapeutic Application of 3D Stem Cell Spheroid-derived
Decellularized Matrix for Traumatic Brain Injury
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Using 3D Bioprinting Technology to Establish Biomimetic Cochlear Organoids
as an In-vitro Testing Platform
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Enhancing Immunomodulation in Umbilical Cord Mesenchymal Stem Cells with
Lipopolysaccharide: Therapeutic Prospects for Microbe-associated Inflammatory
Diseases
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Introduction : Mesenchymal stem cells (MSCs), known for their immunomodulatory ability and
biocompatibility, are the focus of numerous clinical trials for immune and inflammatory disease
treatment. The recent shift towards allogeneic umbilical cord (UC) MSCs presents a promising avenue
for future cell therapies. However, the majority of ongoing UCMSC clinical trials are in the early
stages, indicating that, while UCMSCs demonstrate a certain level of safety, their immunomodulatory
function falls short of achieving anticipated therapeutic outcomes. To enhance the immunomodulatory
potential of MSCs, priming strategies, such as exposure to microbial materials like lipopolysaccharide
(LPS), have been investigated. Nevertheless, conflicting results regarding the impact of LPS on MSC
immunomodulation exist, showing dependency on their sources and raising questions about its overall
effectiveness. Our study aims to elucidate the therapeutic effect of LPS-treated UCMSCs in treating
microbe-associated inflammatory diseases and the underlying mechanisms.

Materials and methods : Bioinformatics analysis was used to elucidate the immunomodulatory
properties of UCMSCs and bone marrow (BM) MSCs. T-cell suppression assays were performed to
demonstrated MSC immunomodulation in the presence or absence of LPS through flow cytometric
analysis.

Results : Bioinformatics analysis revealed the enhanced immunomodulatory properties of UCMSCs
compared to BMMSCs. Pathways related to response to bacterial origin and LPS were highly enriched
in UCMSCs versus BMMSCs using transcriptomic data. Moreover, both BMMSCs and UCMSCs
demonstrated the ability to suppress T cell proliferation triggered by T cell receptor signaling. Notably,
UCMSC:s exhibited a significantly greater inhibitory effect on T cell activation compared to BMMSCs
when LPS was added to the co-cultures.

Discussion : Further investigations will focus on unraveling the molecular mechanisms underlying
the enhanced immunomodulation of UCMSCs exposed to LPS, aiming to provide a comprehensive
understanding of their therapeutic potential in cellular therapy.

Conclusion : These findings suggest that UCMSCs hold promise as therapeutic source for microbe-
associated inflammatory diseases due to their potent immunomodulatory properties, particularly in
modulating T cell responses.
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Evaluation of Anti-inflammatory Activity of Djulis Extract on IL-13-stimulated Human
Retinal Pigment Epithelial Cells
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Introduction : Retinal inflammation and its associated complications significantly contribute to vision
loss and impacting one's life. It may occur due to external damage, eye infections, aging, and gene
factors. Various inflammatory mediators such as tumor necrosis factor (TNF)-a, interleukin-1p (IL-
1B) and interleukin-6 (IL-6) may trigger inflammatory responses, and lead to diabetic retinopathy and
age-related macular degeneration (AMD). A meta-analysis has indicated that the prevalence of AMD
is on the rise, with an estimated 288 million cases by 2040 due to the increasing aging population.
Materials and Methods : Therefore, we used djulis extract, a natural antioxidant, to treat
inflammation. RPE cells were cultured with DMEM/F-12. Medium was supplemented with 10% fetal
bovine serum (FBS) and 1% antibiotic-antimycotic. At specific time point, cell viability was
determined by WST reagent and mRNA was evaluated by real-time PCR.

Results : According to the WST results, one day after stimulating RPE cells with IL-1p, the cell
viability increased slightly, but on the third day, a slight decrease in cell viability was observed.
Djulis extract was added to IL-1B-induced RPE cells. Experimental data showed that there was no
significant difference when the concentration was lower than 200 pg/ml. The cell viability was good.
In addition, genes related to inflammation were found to be suppressed in the djulis extract group.
Discussion : Djulis is a natural plant, and contains several antioxidant compounds, such as phenolic
acids, flavonoids and triterpenes. These molecules may be involved in alleviating inflammation. More
cell level study could be conduct, such as intracellular ROS staining and ELISA analysis.
Conclusions : In summary, the djulis extract (< 200 pg/ml) contains anti-inflammatory components.
It holds the potential to improve inflammatory reactions in RPE cells and could function as a
therapeutic approach for retinal inflammatory conditions like AMD.
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In Vitro Modeling of Viral Pneumonia Responses for Screening Mesenchymal Stem Cell-
derived Secretome with Therapeutic Efficacy
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Introduction : Viral pneumonia and its complications, particularly acute respiratory distress syndrome
(ARDS), pose significant global health challenges. Proinflammatory pulmonary macrophages (M®s)
contribute to the severity of viral pneumonia, but responses of specific M® subsets remain unclear.
Mesenchymal stem cells (MSCs), known for potent immunomodulatory and regenerative properties,
hold therapeutic promise for viral ARDS through secreted factors. The MSC secretome, emerges as a
promising cell-free product in treating viral pneumonia, addressing safety concerns associated with
live-cell therapies. However, MSC efficacy is source- or donor-dependent, promoting exploration of
the MSC secretome for immunomodulation. Our study aimed to establish an in vitro platform
mimicking viral pneumonia responses to screen the MSC secretome for therapeutic efficacy and
explore detailed M® responses.
Materials and Methods : Bioinformatics analysis was used to elucidate the impact of
polyinosinic:polycytidylic acid (poly I:C) treatment on pulmonary immune responses in monkey and
murine models. Poly I:C was added to murine lung-extracted cells to evaluate its influence on
pulmonary M® responses through flow cytometric analysis.
Results : Bioinformatics analysis revealed that poly I:C treatment in monkey or murine lungs induced
a response resembling viral ARDS. This response was characterized by upregulated pathways related
to viral infections and inflammatory cytokine responses using transcriptomic data. Culturing lung-
extracted cells from mice with poly I:C showed no significant changes in overall viable pulmonary
M®s. However, poly I:C exposure significantly increased the frequency of inflammatory M1-typed
pulmonary M®s, while anti-inflammatory M2-typed pulmonary M®s remained unaffected. Moreover.
CD86 expression levels, but not CD206, in pulmonary M®s increased dose-dependently with poly
I:C treatment.
Discussion : The study establishes a rapid in vitro platform for screening the MSC secretome in
treating viral pneumonia, emphasizing further investigations into different M® subsets and the
therapeutic mechanisms of the MSC secretome. Additionally, performing poly I:C-induced virus-like
pneumonia in a murine model is crucial for obtaining clinically relevant outcomes when considering
the use of the MSC secretome.
Conclusion : These findings confirm that in vitro poly I:C stimulation mimics viral pneumonia
responses, inducing enhanced inflammatory M1 polarization.

55



FMEPENLLFEL AT E
2024 5 S REIPEE LT G

P-28
F #Reh o B 0 A S 4B AT KR AR &Y T E R e
PRI K AL F M ) For i R %
Inflammatory Polarization of Pulmonary Macrophages Induced by
Porphyromonas Gingivalis-derived Lipopolysaccharide: Implications for Aspiration
Pneumonia Pathogenesis and Therapeutic Strategies
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Introduction : Aspiration pneumonia, a life-threatening condition often caused by periodontal
pathogens such as Porphyromonas gingivalis (Pg), poses a significant health risk. The main virulence
factor of Pg, lipopolysaccharide (LPS), abundantly present on the bacterial surface, plays a pivotal
role in the pathogenesis of Pg-related diseases. Macrophages (M®s), as the primary immune cell type
in the lung, determine the orientation and magnitude of the immune response during respiratory
infections. However, the impact of Pg-derived LPS on M®s, particularly pulmonary M®s, remains
unclear. Our study aimed to investigate the regulatory role of Pg-derived LPS on pulmonary M®s and
explore the potential therapeutic strategies for Pg-mediated aspiration pneumonia.

Materials and Methods : Bioinformatics analysis was used to elucidate the impact of Pg-LPS
treatment on M® responses. Pg-LPS was added to murine lung-extracted cells to evaluate its influence
on pulmonary M® responses through flow cytometric analysis.

Results : With bioinformatics analysis, we found that Pg-LPS treatment in human M®s led to a
response resembling a cytokine storm, marked by the upregulation of various inflammatory mediators,
including IL-1p, IL-6, and TNF-a, based on transcriptomic data. These findings highlight the potent
stimulatory effect of Pg-LPS in activating M®s, polarizing them towards an inflammatory M1
phenotype. To specifically characterize the impact of Pg-LPS on pulmonary M®s, lung-extracted cells
were cultured with Pg-LPS for 16 hours. Our results revealed that Pg-LPS treatment not only
enhanced the population of viable pulmonary M®s but also significantly reduced the frequency of
anti-inflammatory M2-typed pulmonary M®s. Moreover, overall CD86 expression levels in treated
pulmonary M®s were elevated.

Discussion : Further investigations are warranted to unravel the intricate mechanisms underlying Pg-
LPS-mediated pulmonary M® responses, given the diverse subsets within pulmonary M®s
originating from various sources. Additionally, our study provides an in vitro platform to screen for
potent therapeutic agents such as mesenchymal stem cells in treating Pg-mediated aspiration
pneumonia.

Conclusion : Our findings provide evidence that Pg-LPS is a crucial factor in activating pulmonary
M®s, promoting a shift from an ani-inflammatory M2 phenotype to a pro-inflammatory M1 status.
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Introduction : Djulis (Chenopodium formosanum.) is a unique Taiwanese plant with good drought
tolerance. It is not only rich in dietary fiber, which can promote digestion, but also contains many
essential amino acids for human body. Importantly, there are also many antioxidants in Djulis, which
can scavenge free radicals to achieve antioxidant effects, and may helpful for inflammation related
disease treatment, such as arthritis, atherosclerosis, and diabetic retinopathy. Thus, we try to develop
a simple and environment friendly method to prepare djulis extracts.

Materials and Methods : We obtained the Djulis extract through simple water extraction and
employed high performance liquid chromatography-mass spectrometry (HPLC-MS) with high-
resolution electrospray ionization (ESI) and ESI quantitative analysis to detect total phenols and
flavonoids. Additionally, we conducted four antioxidant assays—ABTS, DPPH, total flavonoids and
total phenols—to assess the antioxidant capacity of the Djulis extract.

Result and Discussion : The utilized of HPLC-MS with high-resolution Electrospray lonization (ESI)
and ESI quantitative analysis revealed the presence of flavonoids and total phenolic compounds in the
Djulis extract. This indicates that the Djulis extract possesses antioxidant properties. Antioxidant
assay results showed that Djulis extract exhibited good ABTS radical scavenging activity (IC50 =
2572.8 pg/ml) and DPPH radical scavenging activity (IC50 = 50.77 pg/ml). Besides, we also found
that the total flavonoid content of djulis extract was approximately 0.14-fold of quercetin, and the
total flavonoids content of djulis extract was approximately 0.22-fold of gallic acid. Besides, the
higher concentration of djulis extract, the stronger its antioxidant capacity.

Conclusion : These results indicate that djulis contains compounds such as flavonoids and total
phenols, suggesting its antioxidant properties. Besides, djulis extracts possess well free radical
scavenging activity based on ABTS and DPPH assay. These findings suggest that the antioxidant
properties of Djulis could be utilized in treating inflammatory and free radicals related disease, such
us arthritis, atherosclerosis, and diabetic retinopathy.
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The Study of Quercetin in Inflammatory Reduction of Retinal Pigment Epithelial Cells

P s 'sRET 2 ke !
Meme g gamg ! Mamec F1pPr@3Fsm ]’

Introduction : According to data from the World Health Organization, approximately 196 million
people globally were affected by age-related macular degeneration (AMD) in 2020, with over 104
million individuals experiencing moderate to severe visual impairment. As aging, the retinal pigment
epithelium (RPE) undergoes degeneration and inflammation, causing vision deterioration in
individuals and may ultimately lead to vision loss. Various inflammatory factors, such as IL-6, IL-1[,
and TNF-a, are associated with the progression of AMD.

Materials and Methods : Here, we try to evaluate the treatment effect of quercetin on IL-1 or HNE
(4-Hydroxynonenal) induced inflammatory RPE cells. Experiment will be divided into quercetin
treatment before and after IL-1p or HNE stimulation. Cell-viability, mRNA, and protein synthesis will
be evaluated by WST-8, real-time PCR and ELISA kit. Inflammatory related genes/proteins including
IL-1B, IL-6, IL-1pB, and TNF-a will be evaluated.

Results : In IL-1f inflammation-induction system, the concentration of IL-6 protein synthesized by
RPE cells is shown as follows: Control - 1237.70 pug/mL, IL-1B - 246831.25 pg/mL, Q+IL-1B -
46789.58 pg/mL, IL-1B+Q — 42700 pg/mL. In HNE system, the concentration of IL-6 protein
synthesized by RPE cells is shown as follows: Control-1237.70 pg/mL, HNE - 410.71 pg/mL,
Q+HNE -91.96 pg/mL, HNE+Q - 57.14 pg/mL. Besides, we also found several inflammatory related
mRNA was down regulated.

Discussion : Based on IL-6 ELISA test, we found IL-1f could enhance RPE cells synthesize lots IL-
6 protein, and the IL-6 value was significantly reduced regardless of whether before or after quercetin
treatment. According to other reference, quercetin could modulate the expression of miR-29b and the
PTEN/AKT NF-«xB pathway, thereby significantly reducing apoptosis and inflammatory damage in
ARPE-19 cells.

Conclusions : Based on the above results, we found that RPE cells that were inflamed by IL-1p and
treated with quercetin before or after inflammation showed obvious anti-inflammatory effects. It is
suggested that quercetin can protect PRE cells as a pre- and post-inflammatory anti-inflammatory
agent.
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Anti-angiogenic Effects of Epigallocatechin-3-gallate (EGCG) Nanoparticles
in a Zebrafish Model

PETeF | B P RESC B’
;7 CF A g XSS o FLFE ek AT g
TAFEFAFFR RS A FE AT FHP FeR g e
EAAEIFFE L

Introduction : Along with low cost for maintenance, zebrafish possess numerous advantages, such

as high fecundity, transparent embryos, rapid embryonic development, fully sequenced genome, and
some phenotypes similar to human diseases. The Danio rerio species are now a popularized in vivo
model for biomedical /pharmaceutical studies. including drug screening. Epigallocatechin-3-gallate
(EGCQG) is a therapeutically active polyphenol compound; and moreover, it has been shown to inhibit
angiogenesis in mice cornea in nano-form gelatin/EGCG self-assembling nanoparticles (GE-NPs), in
our previous research. In this study, transgenic zebrafish expressing green fluorescent protein was
employed to explore the anti-angiogenic effects of this nanomedicine, GE-NPs.

Materials and Methods : Gelatin-EGCG nanoparticles (GE-NPs) were synthesized by a self-
assembling method at an ideal ratio. The GE-NPs were administered to Tg (fli: EGFP) zebrafish 36
hours post fertilization and the zebrafish were imaged at day 4 post fertilization under an inverted
fluorescence microscope. The zebrafish were cocultured with embryo fish medium containing GE-
NPs at variant EGCG concentrations (0.2~0.05 mg/mL); EGCG solution and pure E3 embryo fish
medium were also tested. Furthermore, to track biological interaction, GE-NPs labeled with red
fluorescence (5-(and-6)- Carboxytetramethylrhodamine, Succinimidyl Ester, TAMRA, SE) was used
for in vivo labeling.

Results : Cationic GE-NPs were approximately 46.57 nm in size and showed 95.56% EGCG-
encapsulation efficiency. GE-NPs™MRAwere observed in the sub-intestinal vessel (SIV) region of the
zebrafish, indicating that the nanoparticles displayed activity in the area. Moreover, fluorescence
microscopy imaging exhibited that SIV branching, sprouting, and overall basket size was most
significantly reduced at GE-NP concentration of 0.1 mg/ml, This result revealed the anti-angiogenic
capacity of GE-NPs in a zebrafish model.

Discussion : High GE-NP concentrations (above 0.2 mg/mL) caused fish malformations, showing the
risk for influencing zebrafish embryo development. However, at an optimal GE-NP concentration,
anti-angiogenesis via SIV vessel formation inhibition was observed. Encapsulation of EGCG in
nanocarriers leads to enhanced chemical stability in physiological environments and optimal remedial
results, as exhibited in zebrafish SIV development.

Conclusions : In conclusion, GE-NPs possessed more prominent anti-angiogenic effects in inhibiting
vessel formation in the SIV area of zebrafish when compared with free EGCG solution, validating
that this nanomedicine displays increased bioavailability, chemical stability, drug release, and
remedial effects via a different in vivo model
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Adipose-derived Stem Cells Co-culture with Chondrocytes Secrete Extracellular Vesicles
Maintain Chondrogenic Phenotype of Monolayer-expanded Chondrocytes
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Introduction : Clinical outcomes of autologous chondrocyte implantation (ACI) are not optimal for
the fibrocartilage is formed in articular cartilage defect. The monolayer expansion in vitro of
chondrocytes for ACI makes chondrocytes lose chondrogenic phenotype is indicated as the cause of
fibrocartilage formation. Studies indicate that monolayer-expanded chondrocytes lose chondrogenic
phenotype is due to dedifferentiation, senescence and hypertrophic change in these cells. Adipose-
derived stem cells (ADSCs) have been studied as an alternative cell source for articular cartilage
defect. ADSCs secreted extracellular vesicles (ADSC-EVs) is known for intercellular communication.
ADSCs co-cultured with chondrocytes also shows enhanced chondrogenesis and hyaline cartilage
synthesis. We hypothesize that EVs secreted from ADSCs co-culture with chondrocytes
(ADSC/chondrocyte-EVs) can be used for maintenance of chondrogenic phenotype in monolayer-
expanded chondrocytes.

Materials and Methods : ADSCs were cultured with or without chondrocytes in DMEM
supplemented with 10% FBS for EVs induction. After EVs were released, the conditioned medium
(CM) was collected for EVs isolation and characterization. The monolayer-expanded chondrocytes
were divided into three groups: 1. Control group: cells without any EVs treatment, 2. ADSC-EVs
group: cells treated with ADSCs-EVs, 3. ADSC/chondrocyte-EVs group: cells treated with
ADSC/chondrocyte-EVs. The EVs uptake by cell, survival, dedifferentiation (chondrogenic markers:
collagen type II: Col-II and sulphated glycosaminoglycan: sGAG; fibrocartilaginous matrix marker:
collagen type I: Col-I), hypertrophic change (collagen type X: Col-X) and senescence (senescence-
associated B-galactosidase: SA- 3 -gal) in monolayer-expanded chondrocytes after EVs treatment
were analyzed.

Results : The results showed that the mean diameters of ADSC-EVs and ADSC/chondrocyte-EV's

are 170 + 17.4 nm and 136 + 80 nm, respectively. Both EVs were found uptake by monolayer-
expanded chondrocytes, and cell survival was not altered after EVs uptake. The levels of Col-II and
sGAG of monolayer-expanded chondrocyte are significantly enhanced in ADSC-EVs and
ADSC/chondrocyte-EVs groups when compared with Control group. The decreased the Col-I and
Col-X expressions of chondrocytes was also found in ADSC-EVs and ADSC/chondrocyte-EVs
groups than in Control group. Moreover, ADSC/chondrocyte-EVs showed more pronounced effect
than ADSC-EVs in reducing Col-X expression of chondrocytes. The SA-B-gal expression was
decreased in ADSC-EVs and ADSC/chondrocyte-EVs groups when compared with control group.

Discussion : We show that both ADSC-EVs and ADSC/chondrocyte-EVs can be used for enhancing

chondrogenic phenotype of monolayer-expanded chondrocytes. Moreover, ADSC/chondrocyte-EVs
have more pronounce effect than ADSC-EVs on reducing hypertrophic change of monolayer-
expanded chondrocytes.

Conclusions : The ADSC/chondrocyte-EVs may be used as a biologic agent for more effective ACI.
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Adipose-derived Stem Cells Mitochondrial Transfer Enhances Mitochondrial and
Chondrogenic Functions of Senescent Chondrocytes
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Introduction : Osteoarthritis (OA) is the most common joint disorder throughout the whole human

population, and it is also the most common form of arthritis. Studies indicate that osteoarthritic
chondrocytes show similar characteristics with chondrocytes culture expanded in monolayer. The
osteoarthritic chondrocytes lose chondrogenic phenotype and show dedifferentiation, senescence and
hypertrophic change in cells. Medical care is mainly based on alleviating pain symptoms, and no
effective drug can stop the disease progression, especially by suppressing dedifferentiation,
senescence and hypertrophic change. Adipose-derived stem cells (ADSCs) have been studied as an
alternative cell source for articular cartilage defect. ADSCs secreted extracellular vesicles (ADSC-
EVs) is known for intercellular communication. ADSCs co-cultured with chondrocytes also shows
enhanced chondrogenesis and hyaline cartilage synthesis. We hypothesize that EVs secreted from
ADSCs co-culture with chondrocytes (ADSC/chondrocyte-EVs) can be used for maintenance of
chondrogenic phenotype in osteoarthritic chondrocytes.

Materials and Methods : ADSCs were cultured with or without chondrocytes in DMEM
supplemented with 10% FBS for EVs induction. After EVs were released, the conditioned medium
(CM) was collected for EVs isolation. The chondrocytes were divided into four groups: 1. Control
group: chondrocytes without any EVs treatment, 2. IL-1 group: The osteoarthritis (OA)-like
chondrocyte model is used. Chondrocytes were treated with IL-3 to induce OA change. IL-1p3+ADSC-
EVs group: chondrocytes were treated with IL-B, then treated with ADSCs-EVs, 3. IL-
1p+ADSC/chondrocyte-EVs group: chondrocytes were treated with IL-B, then treated with
ADSC/chondrocyte-EVs. The dedifferentiation (chondrogenic markers: collagen type II: Col-II and
sulphated glycosaminoglycan: sGAG; fibrocartilaginous matrix marker: collagen type I: Col-I),
hypertrophic change (collagen type X: Col-X) and senescence (senescence-associated f-galactosidase:
SA- 3 -gal) in OA-like chondrocytes after EVs treatment were analyzed.

Results : In comparison to Control group, the levels of Col-II and sGAG of chondrocyte are
significantly reduced in IL-1fB group, while the levels of Col-I and Col-X of chondrocyte are found
increased. The levels of Col-II and sGAG of chondrocyte are enhanced in IL-1B+ADSC-EVs and IL-
1B+ADSC/chondrocyte-EVs groups when compared with IL-1p group, and the levels of Col-1 and
Col-X of chondrocyte are significantly reduced. Moreover, ADSC/chondrocyte-EVs showed more
pronounced effect than ADSC-EVs in reducing Col-X expression of chondrocytes. On the other hand,
the SA-B-gal expression was also found increased in IL-1fB group when compared with control group.
The SA-B-gal expression was also decreased in IL-1B+ADSC-EVs and IL-1B+ADSC/chondrocyte-
EVs groups when compared with IL-1 group.

Discussion : We show that both ADSC-EVs and ADSC/chondrocyte-EVs can be used for enhancing
chondrogenic phenotype of OA-like chondrocytes. Moreover, ADSC/chondrocyte-EVs have more
pronounce effect than ADSC-EVs on reducing hypertrophic change of OA-like chondrocytes.
Conclusions : The ADSC/chondrocyte-EVs may be used as a biologic agent for OA treatment.
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Introduction : A chronic wound is one of the complications of diabetes and is not easy to heal. Every

year, millions of people face the risk of wounds that won’t heal, infection, and amputations. Routine
clinical wound management does not effectively promote chronic wound healing, and the increasing
number of patients with refractory non-healing wounds highlights the current unmet need for wound
healing treatments. Exosomes are emerging as a potential option for expensive stem cell treatments
to bridge this gap. Milk is one of the most consumed safe foods and is very helpful for growth and
immunity, especially for babies as it contains many nutrients. Bovine milk-derived exosomes are an
advantageous source that can be obtained without culture and have been proven to have
immunomodulatory effects.

Materials and Methods : Bovine milk-derived exosomes were isolated using differential

centrifugation and calculated particle size by Nanoparticle Tracking Analysis. A dorsal skin defect
(area, 1x1 cm?) wounding model in a streptozotocin-induced diabetes mice model was applied for in
vivo study. Group 1 consisted of sham, non-diabetic control; group 2, diabetic control without
treatment; group 3, diabetic mice received 10° particle adipose-derived mesenchymal stem cells
(ADSCs)-derived exosomes (ADSC-Exo) for triple dosage in one week; and group 4, diabetic
received 10° particle milk-derived exosomes (Mi-Exo) for triple dosage in one week. The wound
healing was assessed clinically. The tissue biopsy was done on day 3 post-wounding. The glutathione
peroxidase 4 (GPX4) and IL-1P were analyzed with Western blotting.

Results : The wounding area was significantly reduced in the two exosome-treated groups than in the
diabetic control group. However, there were no significant differences between ADSC-Exo and Mi-
Exo treatment groups. Histological findings of peri-wounding tissue revealed a diabetic mice had
more monocyte infiltration on the third day, but both ADSC-Exo and Mi-Exo could reduce this
inflammatory infiltration. Western blotting of peri-wounding biopsy tissue showed increasing GPX4
expression and suppressed IL-1pB levels in the two exosome-treated groups as compared to that in
diabetic control.

Conclusions : The above preliminary results at least show that the ability of milk-derived exosomes
to accelerate chronic wound healing is no less than that of ADSC-derived exosomes, and it is easier
to obtain a sufficient number of particles than ADSC-derived exosomes without the need for tedious
cell culture. Milk-derived exosomes have the advantage of being easier to preserve.
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Human Adipose Derived Mesenchymal Stem Cells (Stemchymal®):
Anti-inflammation and Anti-oxidation in Acute Lung Injury
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Introduction : Acute lung injury (ALI), which caused by various factors, is a life-threatening disorder
of severe inflammation that damages the lung endothelial and epithelial barriers. Due to the
characteristics of retaining in lung through low invasive intravenous infusion of mesenchymal stem
cell (MSC). MSC is ideal for treatment of various lung diseases.

Materials and Methods : BALB/c male mice, weighing about 21 g (~7-week-old) were anaesthetized
under isoflurane, and the LPS was challenged through intratracheal (I.T.) route. Three doses of
Adipose derived MSC (ADMSC) and the vehicle (0.9% NaCl) were administered intravenously (I.V.)
at 1 hour after the LPS challenge.

Results : In this research, we found that after 24 hours of infusion of Stemchymal® (ADMSC), tissue
damage, neutrophilia inflammatory cytokines in bronchoalveolar lavage fluid (BALF) were reduced
compared to lipopolysaccharide (LPS) group. (e.g. The IL-1f can be reduced by 4.7 times in BALF).
The oxidative stress induced by LPS in lung may also be ameliorated by the administration of
Stemchymal®. The myeloperoxidase positive cell in lung can be reduced to 51.5% compared to LPS
group. Furthermore, the effect of Stemchymal® showed dose-dependent trend.

Discussion : LPS-induced lung injury is considered one of the most suitable rodent models for ALI,
which mimic the inflammatory response in patients of ALI. Moreover, LPS-induced ALI model shares
many pathological features with COVID-19-caused ALI. The result of this study showed that the
Stemchymal® has therapeutic potential for ALI caused by a variety of causes, including covid-19.
Conclusions : This finding suggests a potential new therapeutic method for treating ALI by 1.V.
administration of Stemchymal®.
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Hypoxia-ADSC-Exo Rescues Inflammaging of Osteoarthritic Chondrocytes Via
NAMPT /NAD+/SIRT Signaling Pathway
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Introduction : Nicotinamide adenine dinucleotide (NAD) and SIRT1 together regulate nuclear and
mitochondrial functions and decline with many age-associated diseases. Restoring NAD" and
combining sirtuin activation may be an effective anti-aging intervention. Our previous study has found
that exosomes derived from hypoxia-cultured human adipose stem cells (Hypoxia-ADSC-Exo0) can
alleviate articular chondrocyte inflammaging and osteoarthritis progression. This study aimed to
investigate the anti-aging effects of hypoxia-ADSC-Exo on osteoarthritic chondrocytes and to explore
the underlying molecular mechanisms. We hypothesized that hypoxia-ADSC-Exo might contain
NAD" or be associated with some biochemical reactions, such as activated nicotinamide
phosphoribosyltransferase (NAMPT), to increase NAD" biosynthesis then ameliorates chondrocytes
inflammaging.

Materials and Methods : Hypoxia-ADSC-Exo were derived from ADSCs cultured in 1% O2 and
10% de-Exo-FBS for 48 hrs. The biological and senescent effects of hypoxia-ADSC-Exo were tested
on IL1-B-induced OA-like human articular chondrocytes (HACs) in vitro.

Results : The results showed that the hypoxia-ADSC-Exo suppressed cell senescent marker, SA-f-

gal and p16ink4a, and DNA damage marker, 8-OHdG, and histone H2AX phosphorylation (DHI2AX).
Hypoxia-ADSC-Exo also promoted SOD1, SOD2, catalase activity, and mRNA/protein level to
reduce intra-cellular and mitochondria ROS in OA-like HACs. Furthermore, we measured the NAD™
levels after applying hypoxia-ADSC-Exo and observed an increase in NAD™ and ATP levels by
stimulating NAMPT activity and consequently enhancing SIRT1 activity and protein expression in
OA-like HACs. In conclusion, hypoxia-ADSC-Exo enhanced SOD1, SOD2, and catalase activity to
lower ROS-induced DNA damage and HAC senescence by activating the NAMPT/NAD"/SIRT
signaling pathway.

Discussion : H-ADSC-Exo increased cell viability, chondrocytes functions and suppress cell
senescence in IL1-B induced inflammaging OA-like cell model. This effect is mediated by the
activation of the NAMPT/NAD/SIRT signaling pathway, which enhances the activity of SOD1/2 and
catalase, two antioxidant enzymes that protect against ROS-induced DNA damage.

Conclusions : These results indicate that hypoxia-ADSC-Exo treatment could be an effective

antiaging biological agent, offering hope to aging populations worldwide.
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The Study of the Human iPSC Extracellular Vesicles (hiPSC-EV) and Human ADSC-EV on
Improving Human Articular Chondrocyte (HAC) Function
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Introduction : Osteoarthritis (OA) is a global orthopedic challenge. Mesenchymal stem cells (MSCs)
are used in various orthopedic conditions, including OA. Recent studies highlight the role of
extracellular vesicles (EVs) in MSCs for tissue repair. However, obtaining sufficient EVs from MSCs
is challenging due to their limited proliferative ability. Induced pluripotent stem cells (iPSCs) are a
promising source for EVs, being highly proliferative. We hypothesize that both iPSC-EVs and ADSC-
EVs enhance chondrogenic functions, offering potential for osteoarthritis treatments. This study aims
to compare the impact of iPSCs-EVs and ADSCs-EVs on chondrogenic function and inflammatory
response in human articular chondrocytes (HACs).

Materials and Methods - Ultra-high-speed centrifugation was employed to isolate extracellular
vesicles (EVs) derived from hiPSC and hADSC. The particle size and concentration of hiPSC-EV
were determined using Nanoparticle Tracking Analysis (NTA). Western blotting was utilized to
identify positive markers (ALIX, TSG101, CD63, CD81) and negative markers (B-actin, Calreticulin)
of EVs. HACs were subjected to IL-1 treatment conditions, with or without hiPSC-EV or hADSC-
EV, to replicate osteoarthritis (OA) inflammation. Chondrogenic and inflammatory gene expression
was assessed through Q-PCR, while alcian blue staining and GAG synthesis kit were employed to
evaluate glycosaminoglycan (GAG) synthesis.

Results : Our findings reveal higher hADSC-EV concentration than hiPSC-EVs in the same
conditioned medium volume, with comparable particle sizes. Both hiPSC-EVs and hADSC-EVs
express positive markers and lack negative markers. Alcian blue staining and DMMB assay revealed
a reduction in GAG synthesis with IL-1 treatment, but this effect was reversed by hiPSC-EVs and
hADSC-EVs. Inflammatory genes (IL-1, MMP-13, TNF-a) increased with IL-1 treatment, yet iPSC-
EVs and hADSC-EVs demonstrated a reduction in these inflammatory genes. Notably, hADSC-EVs
exhibited superior effects compared to hiPSC-EVs. Chondrogenic genes (COL-2 and aggrecan)
decreased under IL-1 conditions, and post-treatment with hiPSC-EV or hADSC-EV did not induce
their increase.

Discussion : Our study demonstrated that both hADSC-EVs and hiPSCs effectively reduce IL-1-
induced inflammatory responses and promote chondrogenic functions in HACs, with hADSC-EVs
outperforming hiPSC-EVs. These results underscore the positive impact of both hADSC-EVs and
hiPSC-EVs in mitigating IL-1-induced damage in HACs.

Conclusions : These results showed that hADSC-EVs and hiPSC-EVs have potential to treat OA and
maintain the chondrocyte functions. It is expected to explore the application in OA treatment in the
future.
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Adipose-derived Stem Cells Mitochondrial Transfer Recovers Mitochondrial
and Cartilage Functions of Senescent Chondrocytes
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Introduction : Previous studies indicate that fibrocartilage formation in articular cartilage defect is
due to chondrocyte senescence. Chondrocytes senescence is closely associated with both
mitochondrial dysfunction and cartilage dysfunction. Adipose-derived stem cells (ADSCs) are known
to transfer mitochondria to recipient cells for tissue regeneration. In this study, we investigate the
human ADSCs mitochondrial transfer into senescent chondrocytes on mitochondrial and cartilage
functions of senescent chondrocytes.

Materials and Methods : Senescence of chondrocytes were identified through expressions of P16
and P21. ADSC mitochondria were isolated using an isolation kit, and transferred into senescent
chondrocytes by co-culture for 3-days. The oxygen consumption rate (OCR), and energy analysis
parameters were analyzed by Seahorse XF. JC10 and cartilage functions were analyzed by PCR and
assay Kkits.

Results : The senescence chondrocytes show positive for P16 and P21, while only P21 was found in
young chondrocytes. The mitochondrial function analysis shows senescence chondrocytes were
significantly increased in OCR, and basal respiration, ATP production, max respiration and Spare
respiratory when compared with young group. After ADSC mitochondrial transfer, the OCR was
increased in senescence + Mito than in senescence, The JC-10 results show the mitochondrial
membrane potential were recovered after mitochondrial transfer. Compared with senescence group,
the mRNA level of osteocalcin, SOX9, BMP2 and type II collagen were recovered, while RUNX2,
ALP, type I collagen and type X collagen were suppressed in senescence + Mito group.

Discussion : Based on these results, we found that mitochondrial transfer from ADSC into senescent
chondrocytes recover mitochondrial function and cartilage function. This may be used for improving
chondrocyte function in ACI.

Conclusions : Mitochondrial transfer of ADSCs recovers mitochondrial and cartilage functions of
senescence chondrocytes.
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Collagen Type II Solution Derived from Supercritical Carbon Dioxide Decellularized
Cartilage: Regenerative Efficacy in Medial Meniscectomy-Induced Osteoarthritis Model

Yun-Ju Chen', Periasamy Srinivasan!, Ko-Chung Yen!, Dur-Zong Hsu?, Dar-Jen Hsieh!
R&D Center, ACRO Biomedical Co. Ltd, Kaoshiung, Taiwan'
Department of Environmental and Occupational Health, College of Medicine, National Cheng Kung
University, 138 Sheng-Li Rd., Tainan 70428, Taiwan?

Introduction : Osteoarthritis (OA) is the most common disease affecting synovial joints and a leading
cause of morbidity affecting millions of people around the world. About 9.6% of men and 18.0% of
women over the age of 60 are affected by OA, estimated the Worldwide Health Organization (WHO).
Knee OA contributes significantly to the financial burden of the healthcare sector. Nonoperative OA
therapy has the potential to manage symptoms, improve function, and delay the need for joint
replacement. Viscosupplementation with hyaluronan is a well-established therapy choice in OA.
Materials and Methods : In the present study, we extracted type II collagen solution from
supercritical carbon dioxide decellularized porcine cartilage and used it to treat the surgical medial
meniscectomy (MNX) induced post-traumatic osteoarthritis (PTOA) model in rats.

Results : OA progression was attenuated dose-dependently in the intra-articular administration of type
II collagen 1, 5, 10 mg/mL which significantly decreased the pain in MNX-induced OA. The pain was
evaluated by a capacitance meter, type Il collagen attenuated dose-dependently the pain. Type II
collagen dose-dependently attenuated articular cartilage damage as evidenced by Micro-CT. The bone
volume significantly increased with increasing doses of type II collagen in OA-treated animals. The
therapeutic efficacy of type II collagen on articular cartilage damage is due to its role in the expression
of type II collagen, aggrecan and SOX-9.

Discussion : Intraarticular Col II solutions showed therapeutic efficacy and cartilage regenerative
efficacy in MNX-induced OA rats, similar to HA. In the current study, Col II solution-treated OA
attenuated the loss of type II collagen expression thereby preserving the chondrocyte density and
cartilage similar to HA. Treatment of Col II solution and HA increased the aggrecan that acted as a
defensive mechanism against OA and SOX-9 expression decreased cartilage damage thereby
preventing the extensive collagen destructions of chondrocytes in articular cartilage of MNX-induced
OA rats similar to HA.

Conclusions : In the present study, we demonstrated that the intra-articular administration of type II
collagen solution reestablished the injured cartilage and decreased osteoarthritis in the experimental
PTOA model.
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Rabbit Organoid Kidney Transplantation by Using scCO2 Decellularized Method
and Development of in Vivo 3D Bio-scaffold
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scCO2 Decellularized Rabbit Kidney Bio-scaffold Promoted
Adipose-derived Stem Cell Differentiation
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Supercritical Carbon Dioxide Decellularized Porcine Nerve’s Regenerative Efficacy by
Direct Xenotransplantation

Yuan-Yu Hsueh!, Ming-Wei Hsu', Ko-Chung Yen?, Periasamy Srinivasan®, Dar-Jen Hsieh>"
Division of Plastic and Reconstructive Surgery, Department of Surgery, National Cheng Kung
University Hospital, College of Medicine, Tainan, Taiwan'

R&D Center, ACRO Biomedical Co. Ltd, Kaoshiung, Taiwan>

Introduction : Peripheral nerve injury (PNI) is a common medical ailment. About 1 million PNIs rise
globally each year. PNI is a serious economic issue to humanity and leads to the functional loss of
limbs, which greatly affects the patient's life quality. Autologous nerve transplantation is the “gold
standard” for the treatment of nerve defects. However, it has several limitations, including nerve size
differences, secondary dysfunction in the donor area, risk of neuroma formation and inadequate donor
sources.

Materials and Methods : In the present study, we decellularized porcine nerve using supercritical
carbon dioxide (SCCO:) and subsequently xenogenic transplantation to a rat. Decellularized nerves
(DN) were stained by hematoxylin-eosin (H&E) and 4,6-diamidino-2-phenylindole (DAPI) staining
and DNA was quantified. The type of collagen was analyzed and quantified in DN. DN was tested for
cytotoxicity using a 3T3 cell line.

Results : The SCCO2 DNs were stained by H&E staining revealed no nuclei and DAPI staining
showed no fluorescent nucleus. The DN was found to consist of type I collagen with al and all bands
with a collagen concentration of more than 200ug per milligram of tissue and most importantly DN
proved to be non-toxic in the 3T3 cell line. Animal studies revealed sciatic function index has an
improvement of more than 40 points in DN-transplanted rats.

Discussion : Using SCCO-, technology we obtained an innovative DN, in which the fat and cells have
been removed. The DNA content is well below the clinical standards. The three-dimensional structure
of the DN is well-preserved has good guidance and encourages the regeneration of nerve. Von Frey
tests for paw withdrawal thresholds indicated DN-transplanted rats are relatively better than the
control animal. Neuroelectrophysiological function tests showed no difference between DN-
transplanted and control rats. The sciatic nerve regeneration test after 12 weeks depicted the
remyelination rate of the DN graft was 73.63%, statistically significantly different to the control rat.
Conclusions : In the present study, DN graft was regenerated to depict the motor function, sensory
function and nerve regeneration. Therefore, we believe that the porcine DN graft may be the most
promising graft for repairing human nerve defects.
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Extracellular Vesicles from ADSCs Suppress Osteoclast Activation Through Inhibition of

the RANK-C-CBL-cathepsin K Pathway
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Introduction : Adipose fatty tissue—derived mesenchymal stromal cell (ADSC)-derived extracellular
vesicles (EVs) have been widely utilized for the treatment of diverse inflammatory diseases due to
their potent immunosuppressive functions. However, the molecular mechanism underlying the
modulation of osteoclast function by ADSC-EVs is not fully understood.

Materials and Methods : To obtain highly purified EVs from ADSCs, tangential flow filtration was

employed, and these ADSC-EVs were exposed to human osteoclast precursor cells to analyze their
potential to inhibit osteoclast formation. High-throughput RNA sequencing (RNA-seq) was utilized
to elucidate the mechanism by which ADSC-EVs modulate osteoclastogenesis. In addition, to confirm
the inhibitory effect of ADSC-EVs on osteoclast activation in the inflammatory arthritis, collagen-
induced arthritis rats were used in the study.

Results : ADSC-EVs inhibited osteoclast activation by modulating C-CBL and cathepsin K expression.
In addition, ADSC-EVs have abundant miR-143, a molecule known to inhibit RANK downstream
signaling, thereby impeding osteoclast formation. RNA-seq revealed that ADSC-EVs suppressed
canonical RANK signaling and Ca®" oscillation during osteoclast differentiation, accompanied by
changes in protein levels within the RANK downstream signaling pathway. Moreover, under
inflammatory conditions, ADSC-EVs reduced RANKL expression in human Thl7 cells and
aggressive synovial fibroblasts. In a rat model of advanced arthritis, a combination treatment of
ADSC-EVs and etanercept, a soluble TNF receptor used for TNF blockade, led to disease remission
and bone erosion repair.

Discussion : Biological drugs for RA, like etanercept, target immune components but entail side
effects. Etanercept, a TNF inhibitor, binds to TNF-alpha, limiting inflammation in RA. TNF-alpha,
vital for infection control, poses risks with etanercept, including infections, malignancies, and
autoimmune issues. To meet this clinical need, our results showed that combining the TNF inhibitor
with ADSC-EVs could enhance immunomodulation, boosting anti-inflammatory effects and reducing
etanercept-related side effects. Taken together, our findings reveal a model of ADSC-EVs targeting
RANK signaling to alleviate abnormal osteoclast activation, proposing them as a therapeutic strategy
in diseases with overactive osteoclasts, driven by their immunosuppressive capacity, especially in
osteoclast precursor cells.

Conclusions : ADSC-EVs inhibit osteoclast differentiation by targeting the RANK signaling pathway
and inflammatory bone destruction. Thus, our results define ADSC-EV as a new class of biologic
treatment for inflammation-driven osteoclastogenesis and advanced inflammatory arthritis.
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G protein-coupled Estrogen Receptor 1 (GPER-1) Deficiency Regulates Growth Plate
Development by Affecting Cartilage Pthrp and Ihh Expression
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Introduction : Chondrocyte proliferation and hypertrophy are crucial for endochondral ossification
in the growth plate, regulating long bone elongation. The balance between chondrocyte proliferation
and differentiation, controlled by the parathyroid hormone-related peptide (PTHrP) and Indian
hedgehog (Ihh), influences growth rate. This study investigates the effects of GPER-1 deficiency
affects the regulation of PTHrP and Ihh in chondrocytes within the growth plate.

Materials and Methods : We purchased the GPER-1"™!¢ mice from KOMP and crossed with collagen
2a-Cre mice from Jackson Lab. The offspring intercrossed to obtain Col2a-Cre; GPER-1  mice (KO).
Sulfated glycosaminoglycan (sGAG) was stained with Safranin O/Fast Green. Detecting protein
expression in growth plate cartilage by immunohistochemistry (IHC), including GPER-1, type II
collagen, Ki67, type X collagen, PTHrP and IHH.

Results : KO mice had a reduced GPER-1 protein expression in the chondrocytes but not in cortical
bone tissue. In growth plate cartilage, the number of GPER-1 positive cells decreased by
approximately 82% in CKO mice. Both male and female KO mice exhibited reduced body length
(crown-rump length) and bone length compared to the control mice. In the structure of growth plate,
the thickness of the proliferative zones was decreased and the hypertrophic zones were increased in
the KO mice compared to control mice. In KO mice, the proliferative zone of the growth plate,
proliferative chondrocytes and PTHrP/Ihh were decreased.

Discussion : During endochondral ossification, a growth plate forms where chondrocytes proliferate,
transforming into bone-replacing hypertrophic chondrocytes. GPER-1 promotes chondrocyte
proliferation and inhibiting hypertrophy by upregulating PTHrP/Ihh expression in growth plates.
Conclusions : The potential for circulating testosterone to convert into estrogen indicated that GPER-
1 could be influenced both in males and females.
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O ne-ste p auto | Og ous @ Harvesting cartilage @ Mincing cartilage ® Enzyme digestion @ Injecting processed
ca rtl | ag e repa | r Syste m from the non-weight by AccuCut® cartilage chips into

bearing site biphasic chondroplug

® Drilling a hole
at defect site
and implanting
the chondroplug
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EElE s R F 5 0066895k
+» Single-stage autologous cartilage repair surgery

(regeneration within natural environment)
» Grow durable hyaline-like cartilage

» Restore abhility to play competitive sport
and maintain for at least five years

Approved indication: &
PP / -"\l-

Cartilage defect (including chondral or 0@ -’ q
osteochondral defect) in the knee N 0",

= IR &5 2023
Other applications with clinical evidences: %%#@*45‘2 ﬁlﬁNﬁE;gELLENCE
*Early osteoarthritis MEERE Cverypolay Excellence

% Cartilage defect in elbow or ankle
% Cartilage defect in tibial plateau
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HyLink®

’ s ma=m Cross-linked Hyaluronate
E"E Eﬁ W PEQHDHFU 3.0 mL Single-Injection Treatment
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Amnion Membrane Allograft
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Product No.

l.GEN

" in the womb.

Because of its natural microstructure and
biological characteristics, amnion has in
recent years gained popularity in North
America and Europe for treating all sorts
of wounds. From Ophthalmology to
wound management, amnion has shown
to be an excellent source to promote
healing and reduce scarring.?

5]

Amnion is the inner membrane of tissue
closest to the fetus throughout development

Amnion is composed of structural extracellu-
lar matrix (ECM) and it contains specialized
proteins and natural growth factors.’

The amnion is dehydrated and placed on an
aluminum foil carrier for ease of use and
application. The patches are stored at ambient
temperature and have a 5 year shelf life.

1 Silini, Antonietta R. et al. “The Long Path of Human Placenta, and Its Derivatives, in
Regenerative Medicine.” Frontiers in Bioengineering and Biotechnology 3 (2015):

162. PMC. Web.

2 ElHeneidy, Hossam et al. “Amniotic Membrane Can Be a Valid Source for Wound
Healing.” International Journal of Women's Health 8 (2016): 225-231. PMC. Web.

( AGCS : Single Layer / AGCD : Double Layer )

AGCS024
AGCDO024

AGCS022
AGCDO022

2X2 em

2X4 em

AGCS046
AGCDO046

4X6 cm

AGCS038
AGCDO038

2.5X7.5 cm

#* Actual size



