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10:30-10:35
I-1

Peripheral Nerve Injury, Repair and Regeneration

Chih-Hao Chang
Department of Orthopedics, National Taiwan University Hospital

Abstract

Peripheral nerve injuries are common conditions with broad ranging groups of symptoms
depending on the severity and nerves involved. Although much knowledge exists on the
mechanisms of injury and regeneration, reliable treatments that ensure full functional recovery
are scarce. This review aims to summarize various ways these injuries are classified in the
light of decades of research on peripheral nerve injury and regeneration. In this section, we
invited several specialists to present the topic about nerve regeneration and treatment. The
topic include materials applying in nerve regeneration, cell therapy in nerve regeneration,
nerve transfer clinically and basically, and peripheral nerve repair and regeneration clinically.
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10:35-10:55
I-2

A Neural Stem/ Precursor Cell Monolayer for Treatment of Ischemic Stroke

e MR
EERE S L ERL o i

Abstract

The purpose of this study was to prepare a monolayer of neural stem/precursor cells
(NSPCs) for neural tissue engineering applications. Two components present in serum,
fibronectin and epidermal growth factor (EGF) were added into DMEM/F12 medium (termed
medium B) to examine the effect of the migration-, proliferation- and
differentiation-promoting potential on the cultured NSPCs, isolated from embryonic rat
cerebral cortex. Compared with the serum effect, medium B also permitted neurosphere
attachment onto the substrate surface and cell migration out of neurospheres extensively, but
enhanced more extensive cell division and slowed down NSPC differentiation to generate a
confluent NSPC monolayer. It was found the medium B-treated NSPCs possessed the
capability to form typical neurospheres or to undergo differentiation into neuron-related cell
types on various biomaterial surfaces. Therefore, we proposed a two-stage process for wound
healing in vitro and tried to treat ischemic stroke in a rat animal model.

Keywords: neural stem/precursor cells (NSPCs), differentiation, monolayer, epidermal
growth factor (EGF), fibronectin, ischemic stroke.
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10:55-11:15
I-3

The preclinical studies of cell therapy for multiple sclerosis

’iji 7 ; Thai-Yen Ling, PH.D.
Institute of Pharmacology, College of Medicine, National Taiwan University

Abstract

Multiple sclerosis (MS) is an autoimmune disease of the central nervous system
characterized by chronic inflammation, focal demyelination and widespread damage of axon.
Although a wide variety of medicine have been approved by FDA today,there is no cure
for MS. So far, many studies have demonstrate mesenchymal stromal cells (MSCs) as a
promising source to treat MS, however, the mechanism for the therapeutic effect of MSCs in
MS is still unclear. In this studies we demonstrated that MSCs from the maternal part of
human termed placenta (placenta choriodecidual-derived mesenchymal stromal cells, pcMSCs)
could be a potential cell source to treat MS. In order to understand the pathological
mechanism of MS and therapeutic effects of pcMSCs, we used myelin oligodendrocyte
glycoprotein (MOG)3>-55-induced experimental autoimmune encephalomyelitis (EAE) in
C57BL/6] mice as the animal model to revel the therapeutic mechanism of MSCs for MS
treatment in this study. We first demonstrated that pcMSCs could ameliorate the disease
progress of (MOG)35-55>-induced EAE mice compared to control. In in vitro studies, the results
showed that when co-culture of pcMSCs and monocyte, the progenitor cells of dendritic cells
(DCs), pcMSCs could inhibit the progress of differentiation and maturation of DCs. In the
experiments, both the expression of typical DCs costimulatory molecules (CD80 & CD86) and
antigen-presenting molecule MHC class Il peptides were strongly down regulated by
co-culture with pcMSCs. Taken together, our findings suggest that pcMSCs was likely the
regulatory to modulate the immune response in EAE animal model and pcMSCs may be a
potential therapeutic option for the treatment of MS.
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11:15-11:35
I-4

Experimental researches for nerve transfers

Tommy Nai-Jen Chang, M.D (Assistant Professor)
Department of Plastic and Reconstructive Surgery, Taipei-Linkou Chang Gung Memorial
Hospital, Chang Gung University, Taiwan

Abstract

Nerve transfer is a powerful tool in extremity reconstruction, but the neurophysiological
effects have not been adequately investigated. As 81 % of nerve injuries and most nerve
transfers occur in the upper extremity with its own neurophysiological properties, the
standard rat hindlimb model may not be optimal in this paradigm.

In our institution we have performed the rat forelimb model in rat for years, mostly for
brachial plexus injury studies. Some of the examples including the comparison of the outcome
of proximal and distal nerve transfer, steal phenomenon, injured donor nerve, agonist and
antagonist donor nerve. The result of these studies modified our strategies of clinical practice
already.

The above-described rat model demonstrated a constant anatomy, suitable for nerve
transfers that are accessible to standard neuromuscular analyses and behavioral testing. This
model allows the study of both neurophysiologic properties and cognitive motor function
after nerve transfers in the upper extremity clinically.

-10 -



2018 & o B 42 FHF £ TG
2018/03/03

11:35-11:55
I-5

From Debates to Conclusion in Peripheral Nerve Injury and Reconstruction
- a 30 years’ experience

David Chwei-Chin Chuang, M.D( Professor )
Taipei-Linkou Chang Gung Memorial Hospital, Chang Gung University, Taiwan

Abstract

[ have performed numerous reconstructions related to peripheralnerve injuries,
including adult brachial plexus injuries (more than 2000 cases of brachial plexus exploration
and reconstruction ), obstetrical brachial plexus palsy (>200 cases for infant OBPP; and >400
for late child OBPP with deformity) ,facial paralysis (> 400 using functioning free muscle
transplantation for facial reanimation ) ,functioning free muscle transplantation (over 1000
cases in face, upper and lower limbs reconstruction), compression neuropathy (thoracic
outlet syndrome, cubital tunnel syndrome, carpal tunnel syndrome, and others), and other
numerous peripheral nerve injuries, tumor resection and reconstructions since 1985. I also
performed numerous peripheral nerve-related researches during the 30 years.

There are many debates but few conclusion on peripheral nerve injury and
reconstruction. I am today trying to make some conclusion related to peripheral nerve
debates from present knowledge and techniques from my person point of views. These
conclusions include
1. Classification-related, such as degree of nerve injury, level of brachial plexus injury, level of

traction avulsion amputation of limbs and level of radial nerve injury;

2. Technique-related, such as timing of nerve exploration, carpal tunnel syndrome, cubital
tunnel syndrome, thoracic outlet syndrome, Choice of neurotizer (CFNG vs. spinal
accessory nerve vs masseter nerve) for facial paralysis reconstruction, postparalytic facial
synkinesis; and

3. debates conclusion such as multiple nerve transfers vs functioning muscle transplantation
to treat total root avulsion of the BPI; proximal nerve graft and/or transfer in incomplete
BPI;

4, Evaluation system -related, such as result evaluation after functioning free muscle
transplantation, facial paralysis reconstruction.

-11 -
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13:30-13:50
I-6

Neural Regeneration of Brain Injury in Animal Models via Cellular Therapy

& 7 2 % Chung-Liang Chien, Ph.D.
Professor, Department of Anatomy and Cell Biology,
College of Medicine, National Taiwan University

Abstract

Neurogenesis by activation of endogenous neural progenitor cells is considered as a
potential treatment strategy for brain injuries. Although several researches support the
benefit of brain-derived neurotrophic factor (BDNF) on neurogenesis as well as
Erythropoietin (EPO) for neuroprotection and neuronal survival, yet there are still some
technical problems needed to be overcome, such as the delivery system. In our studies, cDNAs
of mouse BDNF and EPO were transfected into cell lines of 3T3 fibroblasts. The expression and
bioactivity for both BDNF and EPO were analyzed by immunocytochemistry, Western blot,
Enzyme-Linked Immunosorbent Assay (ELISA), and functional assays.

The ICH mouse model was produced by collagenase injection. Hematoma area and brain
tissue loss were assessed by magnetic resonance imaging (MRI). EdU
(5-ethynyl-2’-deoxyuridine) was given intraperitoneally for 5 days after ICH induction.
Either BDNF transfected 3T3 fibroblasts or 3T3 fibroblasts were implanted as a growth factor
source in ICH mice. Neurogenesis and functional recovery was evaluated at 5 days post-ICH.
BDNF treatment mice have enriched doublecortin (DCX) positive cells toward lesion and less
brain tissue loss than the control. Both cell treatment groups have profound GFAP/EdU
colocalizing cells and better functional improvement than the PBS control. Fibroblasts
transplantation together with recombinant BDNF treatment has the potential benefit on
neurogenesis in ICH mice. The early functional recovery may be due to growth factors
provided or evoked by the implanted grafts. A potential approach could combine both gene
and cell therapy for the treatment of brain injury.

In another study, we produced ischemic stroke in adult rats by the approach of middle
cerebral artery occlusion (MCAO) and examined the infarct zone with MRI. The
EPO-overexpressing NIH/3T3 (EPO-3T3-EGFP) cells were directly injected to the infarct zone.
The brain function was assessed via modified Neurological Severity Score (mNSS). On day 14
after stroke induction, the infarct volume was measured again by MRI and the animal was
euthanized for the study of angiogenesis and neurogenesis. The result of neurological
assessment suggested that both 3T3-EGFP-treated and EPO-3T3-EGFP-treated groups showed
significantly improvement of functional ability in both acute and chronic phase of ischemic
stroke. In MRI examination, the recovery rate of the EPO-3T3-EGFP treated group could be up

-12-
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to 62% and significantly higher than 3T3-treated group and MCAO control group. In
immunohistochemistry, significant increase of cell proliferation in subventricular zone (SVZ)
was demonstrated in EPO-3T3-EGFP treated group and 3T3-EGFP group, which may indicate
implantation of EPO-3T3-EGFP cells and could further enhance the repairing process of infarct
site in our MCAO animal model

In summary, our data suggests that both BDNF-overexpressing and EPO-overexpressing
NIH/3T3 cells treatments could provide stable release of BDNF/ EPO in the brain injury area,
facilitate neurogenesis and neuroprotection ability that may contribute to the functional
recovery of brain.

-13 -
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14:10-14:30
I1-8

Extracellular Matrix as a Treatment Strategy for TM Joint Disorder

P % Ming-Lun Hsu (Professor)
HiBP 87 FEik

Abstract

Temporomandibular joint disorder (TMDs) is a common disorder in dental clinic
including joint or muscles pain, joint clicking as well as limitation of jaw movement (chewing
or opening). Based on previous studies, up to 75% of the population suffer from at least one
sign of joint disorder. Approximately 33% have at least one symptom, such as facial pain and
joint pain. In some basic research, the parts of structure in TMJ] was damaged during joint
inflammation including its fibrocartilage layer which containing extracellular matrix (ECM).
The component of ECM include aggrecan, collagen, hyaluronic acid et al. For clinical therapy,
besides splint therapy, hyaluronic acid is one of the methods which has been used for
treatment of TMDs. It can provide lubrication and nutrition as well as to increase joint space
and provide shock absorption. However, there is another ECM component named link protein
which is a stabilizer to maintain the interaction between aggrecan and hyaluronic acid. The
inflammatory response can damage the link protein resulting in the loss of the N-terminal 16
amino acid which is named as link N. It has ability to regulate inflammation and tissue repair
in the fibrocartilage tissue of intervertebral disc (IVD) which is similar in the TM]. Therefore,
Link N supposed to be another potential material for joint repair in the future.

References

1. de Souza RF, Lovato da Silva CH, Nasser M, Fedorowicz Z, Al-Muharraqi MA. Interventions
for the management of temporomandibular joint osteoarthritis. Cochrane Database Syst
Rev 2012;4: CD007261.

2. Mountziaris PM, Kramer PR, Mikos AG. Emerging intra-articular drug delivery systems for
the temporomandibular joint. Methods 2009;47:134-140.

3. Mwale F, Masuda K, Pichika R, Epure LM, Yoshikawa T, et al. The efficacy of Link N as a
mediator of repair in a rabbit model of intervertebral disc degeneration. Arthritis Res Ther
2011; 13: R120.
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14:30-14:50
I-9

N7 S Rl LY, Sl S
Possible Solutions for Keloid Prevention Therapy

TR 1234 FR 1l Fpu4s
Rss c Fdppped T#F 01 R # < FRpFEeyif?
Rod 2 FR2FFpmgd w3 RIS FRRGrgREg sy
Bz as s FLFFHps

Introduction : Keloids are claw-like fibrous scars that expand beyond the borders of the
original wound after a skin injury. The etiology of keloid disease is believed to be genetically
relevant but no single gene mutation has been detected so far. The interaction between
multifactorial inheritance genes and environmental factors has been implicated. Keloid
treatment remains a big challenge to medical doctors. Steroid injections and surgical revision
are two best treatment options nowadays. Steroid treatment can cause tissue atrophy but
surgical removal has a risk of keloid recurrence. Since extracellular matrices are key
environmental factors, we prepared four groups of keloid wound (KW) gels and investigated
their effects on keloid fibroblasts.

Materials and Methods

1.

Harvest of normal (NF) and keloid fibroblasts (KF): NF and KF were harvested from
patients’ skin under the approval by the Institutional Review Board of the National Cheng
Kung University Hospital

Preparation of KW gels: Four groups of KW gels were prepared according to our patent
application.

Cumulative population doubling of cells: NF and KF were cultured and passaged for 12
times after sub-confluence. The cumulative population doublings were calculated as
Log(Nf/NO0)/Log2.

Migration assay: NF and KF on cell inserts with 0.8 um membrane in DMEM-1% FBS were
placed in a 24-well plate with DMEM-10% FBS. The number of cells migrated onto the
reverse side of membrane was scanned by a high throughput screening Microscope. In
another study, the migration areas of NF and KF on various KW gels coated surface were
compared.

Matix contraction assay: NF and KF were mixed with collagen or various KW gels
respectively and placed in a 24-well plate. The percentage of matrix contraction by cells
after 48 hrs of incubation was calculated and compared.

Expression of keloid-related mRNA: The mRNAs from NF and KF at passages 3 and 6
cultured in various KW gels were extracted and expressions of SP-1, PAI-1, PAI-2, Cyr 61,
TGF-B1, TGF-B2, TGF-B3, Col, Fn, a-SMA, CTGF were quantified by real-time PCR.

-16 -
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Results : KF were larger than NF. The cumulative population doublings of KF were significantly
faster than NF. KF also migrated faster than NF. The contraction capacity of KF in collagen
matrix was higher than NF. Migration area and contraction percentage of KF cultured in KW3
and KW4 gels were similar to NF.

The mRNA expression of PAI-1, PAI-2, Collagen-I, Fibronectin, a-SMA, CTGF, and TGF-32 in KF
were significantly higher than NF. However, when KF were cultured in KW3 and KW4 gels, the
above mRNA expression were similar to NF.

Conclusions : Four groups of KW gels were prepared and their effects on the cellular functions
and expression of KF and NF were studied KW gels have the potential to become a clinical
therapy to prevent keloid formation during wound healing.

-17 -
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14:50-15:10
I-10

Soft Tissue Regeneration, Reconstruction and Neural Repair in Amyotrophic Lateral
Sclerosis (ALS)

Shih-Ming Weng, MD, MSc, PhD (Associate professor)
Department of Speech Language Pathology and Audiology and Audiology, National Taipei
University of Nursing and Health Sciences (NTUNHS), Taipei Taiwan

Abstract

Recent advances in pluripotent stem cell (PSC) research have facilitated the generation of
human induced pluripotent stem cells (human iPSCs) from skin fibroblasts, thus offering an
unlimited source of patient-specific disease-relevant neuronal cells in many
neurodegenerative diseases, such as ALS. Amyotrophic Lateral Sclerosis (ALS), also known as
Lou Gehrig's disease, is a progressive neurodegenerative disorder. Typical symptoms and
signs are caused by muscle weakness and atrophy throughout the whole body due to the
degeneration of the upper and lower motor neurons. Individuals affected by the disorder may
ultimately lose the ability to initiate and control all voluntary movement, except those in eyes,
bladder, and bowel, etc. Human PSCs offer a unique tool in new drug discovery of ALS or other
neurodegenerative diseases as high-throughput screening platforms. Human PSCs can also
derive various subtypes of neurons or glial cells for supporting and reorganizing the intact
nervous system. Here I will give a review of how human ALS in vitro models have been used
so far, what discoveries they have led to since 2008, and how the recent advances in
technology combined with the genetic discoveries, have widened the horizon of ALS research,
especially for either new drugs or new therapies development.
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Hyaluronan Microenvironment Enhances Simvastatin-induced Chondrogenesis and
Cartilage Defect Regeneration in Human Adipose Derived Stem Cells
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Introduction : Simvastatin (SIM) increases bone morphogenetic protein-2 (BMP-2), which is
shown to contribute to chondrogenesis and osteogenesis of mesenchymal stem cell
Hyaluronan (HA) is one of the main extra cellular matrices during the early stage of
chondrogenesis, and we previous found that HA microenvironment initiates and promotes
chondrogenesis of adipose derived stem cells (ADSCs). In this study, we hypothesize that HA
could promote the chondrogenic effect and reduce osteogenic effect of SIM on ADSCs, and this
can be applied for ADSC-based articular cartilage defect regeneration.

Materials and Methods : The hADSCs were cultured in HA-coated wel], and treated with SIM.
The gene expression of BMP-2 by hADSCs was tested. Chondrogenesis of hADSCs was tested
by cell aggregations, and chondrogenic genes (SOX-9, collagen type II: COL-II and aggrecan)
and sulphated glycosaminoglycan (sGAG) synthesis. Osteogenesis including osteogenic gene
(osteocalcin) expression and calcium deposition by hADSCs were also tested. The chondral
defect created in explants of osteochondral disc were used as the ex-vivo model The ADSCs
cultured in HA-encapsulated fibrin hydrogels (HA/Fibrin) implanted into the chondral defect
then treated SIM was used to test cartilage defect regeneration. The cartilage regeneration
was evaluated by neo-formation of cartilaginous tissue and sGAG content in the surrounding
tissue.

Results : The SIM treatments enhanced BMP-2 gene expression of ADSCs and the combination
of SIM with HA shows more enhanced BMP-2 expression. The combination of HA with SIM
also showed higher chondrogenesis on ADSCs including cell aggregation, chondrogenic genes
expressions (SOX-9, collagen type Il and aggrecan) and sulphated glycosaminoglycan (sGAG)
synthesis. HA also reduced SIM-induced osteogenic gene (osteocalcin) expression and calcium
deposition by ADSCs. Blocking the BMP-2 function by Noggin reduced the chondrogenic genes
expression of ADSCs. The ADSCs cultured in HA/Fibrin-implanted defect treated with SIM
showed the highest neo-formation of cartilaginous tissue in comparison to Fibrin- or
HA/Fibrin-implanted defects.

Discussion : Our result shows that the synergic effect of HA with SIM-induced BMP-2
promote chondrogenesis of ADSCs, and can be applied for ADSC-based articular cartilage
defect regeneration. This result shows the local cue (HA microenvironment) on affecting
chondrogenesis and cartilage regeneration of BMP-2 in ADSCs induced by SIM.
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Autologous Adipose-Derived Stem Cells Reduce Burn-Induced Neuropathic Pain in a Rat
Model
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Introduction : Burn scar pain is considered as neuropathic pain. The anti-inflammation and
anti-neuroinflammation effects of adipose-derived stem cells (ASCs) were observed in several
studies. We designed a study using a murine model involving the transplantation of autologous
ASCs in rats subjected to burn injuries. The aim was to detect the anti-neuroinflammation
effect of ASC transplantation and clarify the relationships between ASCs, scar pain, apoptosis
and autophagy.

Materials and Methods : We randomized 24 rats into 4 groups as followings: Group A and B,
received saline injections and autologous transplantation of ASCs 4 weeks after sham burn,
respectively; Group C and D, received saline injections and autologous transplantation 4 weeks
after burn injuries. A designed behavior test was applied for pain evaluation. Skin tissues and
dorsal horn of lumbar spinal cords were removed for biochemical analysis.

Results : ASC transplantation significantly restored the mechanical threshold reduced by burn
injury. It also attenuated local inflammation and central neuroinfllmmation and ameliorated
apoptosis and autophagy in the spinal cord after the burn injury.

Discussion : The differentiation of ASCs and their paracrine effect both contribute to their
therapeutic efficacy, which can also be affected by the route and the cell amount administered.
Compared to systemic injection and its direct homing effect, local injection results in lower
survival of engrafted ASCs, especially in damaged sites [23,24]. Therefore, the paracrine effect
is considered to play a major role in treatment by local injection

Conclusions : Conclusion: In a rat model, autologous ASC subcutaneous transplantation in
postburn scars elicited anti-neuroinflammation effects locally and in the spinal cord that might
be related to the relief of postburn neuropathic pain and attenuated cell apoptosis. Thus, ASC
transplantation postburn scars shows the potential promising clinical benefits.
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Parathyroid Hormone (1-34) Ameliorated Knee Osteoarthritis and Function
in Rats Via Autophagy
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Introduction : Anterior cruciate ligament (ACL) tear usually leads to osteoarthritis (OA).
However, parathyroid hormone (PTH) (1-34) was found to alleviate OA progression in a
papain-induced OA model Autophagy is a protective mechanism in normal cartilage, and its
aging-related loss is linked with chondrocyte death and OA. Thus, we examined the roles of
autophagy in PTH treatment on OA after ACL transection (ACLT).

Materials and Methods : Thirty-six rats were randomized into three groups: control group,
ACLT-induced OA (ACLT-OA) group, and OA with intra-articular PTH (1-34) treatment group.
Knee function was evaluated by weight-bearing and treadmill tests. Cartilage matrix was
determined by a histological evaluation of glycosaminoglycan (GAG), the OARSI score,
chondrocyte apoptosis, and immunohistochemistry.

Results : Rats in the ACLT-OA group had significantly decreased weight-bearing and running
tolerance. The histological results indicated that functional markers (GAG, collagen type II) and
chondrocyte autophagy had decreased, but that the OARSI score, terminal differentiation
markers (collagen type X, Indian hedgehog), and chondrocyte apoptosis had increased in the
OA group. Additionally, PTH (1-34) treatment significantly improved weightbearing and
treadmill test scores, preserved functional markers, and reduced the OARSI score and terminal
differentiation marker. Finally, PTH (1-34) ameliorated chondrocyte apoptosis by regulating
the expressions of autophagy-related proteins, through reducing mTOR and p62, and
enhancing LC3 and Beclin-1.

Discussion : In this study, we demonstrated that intra-articular PTH (1-34) treatment can
alleviate ACLT-induced OA. Potential mechanisms of PTH’s effects are the reduction of terminal
differentiation of chondrocytes, through the reduction of IThh and Col X expression and the
maintenance of GAG and Col II expression. PTH may also decrease chondrocyte apoptosis and
increase autophagy, increasing the expression of LC3 and Beclin-1 and decreasing the
expression of mTOR and p62. Finally, PTH (1-34) may be active in the treatment of ACL injury
by delaying the progression of OA. With the continuing unmet treatment needs of an ACL injury,
regardless of ACL reconstruction, it is necessary study the effect of PTH (1-34) following ACL
injury in an attempt to alleviate OA progression.

Conclusions : Reconstructive surgery after ACL rupture cannot prevent OA occurrence.
Intra-articular PTH (1-34) treatment can alleviate OA progression after ACLT, and improve joint
function and histological molecular changes. Possible mechanisms are reducing chondrocyte
terminal differentiation and apoptosis, with increasing autophagy.
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Using Induced Pluripotent Stem Cells Derived Chondrocytes Culture in 3D Scaffold
Combine with Factors to Test the Therapy Effect
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Introduction : Articular cartilage (AC) is composed of chondrocytes, responsible for
abundant matrix synthesis and maintenance. When pathological or traumatic damaged
happened, AC does not heal spontaneously and resulted in Osteoarthritis (OA). OA is the
most common musculoskeletal disease in the elderly. However, cartilage defect and OA
currently lack effective therapeutic methods. Stem cells provide hope for cell therapeutic
methods for cartilage defect and OA. In all type of stem cells, embryonic stem (ES) cells and
induced pluripotent stem (iPS) cells are the most powerful cells that could differentiate into
all three-layer cells, including chondrocyte.

Materials and Methods : Previously, we generated a novel iPS-OSH cells that under hypoxic
conditions in the absence of viral infection and oncogenic factors. In this study, we
differentiated the iPS-OSH cells into chondrocyte and cultured on the 3D bioresorbable
scaffold (polycaprolactone) to compare the proliferation and differentiation ability between
different factors treatment, including transforming growth factor-f1 (TGF-f1) and/or
Granulocyte Colony-Stimulating Factor (G-CSF). We evaluated the cell proliferation rates and
chondrogenic markers with several approach including trypan blue exclusion assay, alcian
blue staining, immunofluorescent staining and real-time RT-PCR.

Results : The results showed that the differentiation and proliferation rates of chondrocytes
were accelerated in 3D culture environment compared to the conventional 2D culture
system. Additional supplements with TGF-B1 and G-CSF also promoted the differentiation
and proliferation rates of chondrocytes both in both culture systems. Overall, iPS-OSH cells
exhibited the highest chondrogenic activities in the 3D culture environment supplied with
TGF-B1 and G-CSF.

Discussion : Chondrocytes cultured in 3D culture environment could accelerate
differentiation and proliferation rates with comparing to the conventional 2D culture system.
Moreover, both TGF-f1 and G-CSF supplements could promote the differentiation and
proliferation rates of chondrocytes in 2D and 3D culture systems. With TGF-B1 and G-CSF
supplements, iPS-OSH cells exhibited the highest chondrogenic activities in the 3D culture
environment.

Conclusions : The present study assessed the clinical application of iPS cells and suggested a
novel therapeutic strategy to improve the cartilage defect which lacking effective therapeutic
methods nowadays.

-4 -



2018 & S ML L FEE ¢ L4
2018/03/03

17:00-17:10
0-5

SIEMMBT AN SR PR/ DB kR FER L kY
An Injectable Oxidized Hyaluronic Acid/Adipic Acid Dihydrazide/Tricalcium
Phosphate Hydrogel as Bone Substitutes
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Differentiation of MSCs from Human iPSCs Results in Downregulation of c-Myc & DNA
Replication Pathways with Immunomodulation Towards CD4 & CD8 T cells
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Introduction : Multilineage tissue-source mesenchymal stem cells (MSCs) possess strong
immunomodulatory properties and are excellent therapeutic agents, but require constant
isolation from donors to combat replicative senescence. The differentiation of human induced
pluripotent stem cells (iPSCs) into MSCs offers a renewable source of MSCs; however, reports
on their immunomodulatory capacity have been discrepant.

Materials and Methods : Using MSCs differentiated from iPSCs reprogrammed using diverse
cell types and protocols, and in comparison to human embryonic stem cell (ESC)-MSCs and
bone marrow (BM)-MSCs, we performed transcriptome analyses and assessed for functional
immunomodulatory properties.

Results : Differentiation of MSCs from iPSCs results in decreased c-Myc expression and its
downstream pathway along with a concomitant downregulation in the DNA replication pathway.
All 4 lines of iPSC-MSCs can significantly suppress in vitro activated human peripheral blood
mononuclear cell (PBMC) proliferation to a similar degree as ESC-MSCs and BM-MSCs, and
modulate CD4 T lymphocyte fate from a type 1 helper T cell (Th1l) and IL-17A-expressing
(Th17) cell fate to a regulatory T cell (Treg) phenotype. Moreover, iPSC-MSCs significantly
suppress cytotoxic CD8 T proliferation, activation, and differentiation into type 1 cytotoxic T
(Tc1) and IL-17-expressing CD8 T (Tc17) cells. Co-culture of activated PBMCs with human
iPSC-MSCs results in an overall shift of secreted cytokine profile from a pro-inflammatory
environment to a more immunotolerant milieu. iPSC-MSC immunomodulation was also
validated in vivo in a mouse model of induced infllmmation.

Discussion : MSCs from iPSCs reprogrammed from diverse cell types and protocols are
multilineage and downregulate c-Myc and proliferative pathways compared to ESC cells.
Moreover, all lines of iPSC-MSCs were strongly immunomodulatory in vitro as well as in vivo,
shifting the cytokine milieu as well as effector CD4—and even CD8—T cells toward
immunomodulatory populations, thereby supporting that iPSC-MSCs may be good therapeutic
candidates.

Conclusions : These findings support that iPSC-MSCs possess low oncogenicity and strong
immunomodulatory properties regardless of cell-of-origin or reprogramming method, and are

good potential candidates for therapeutic use.
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The Effect of Chitosan on the Olfactory Neuroepithelial Regeneration
in an Anosmic Animal Model
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Introduction : The prevalence of olfactory dysfunction is 12.3% in Taiwan [1]. This
dysfunction significantly affects quality of life, such as appetite and flavors. The first relay
point of odor sensation is the olfactory neuroepithelium (ON), comprising basal cells and
various stages of olfactory receptor neurons (ORNs). Clinically, this dysfunction commonly
results from reductions in the number and/or degree of differentiation of ORNs and atrophy
of the ON. Currently, clinical practice still has no adequate approach showing a good
prognosis. Of note, chitosan has been widely studied for regenerative purposes, including
neuroprotection following ischemic stroke. However, whether chitosan enhances the ORN
differentiation and the ON regeneration remains unknown.

Materials and Methods : For an in vitro test, olfactory neuroepithelial cells (ONCs) were
isolated from embryonic day 17 of rats, and then cultured with/without 0.1 mg/ml chitosan
for 9 days. For an olfactory-lesioned animal model, 3-methylindole (3-MI) was used to destroy
the ON and chitosan was intranasally administered twice a week. The effect of chitosan
treatment is assessed with immunocytochemistry, immunohistochemistry, western blots,
and food-finding test.

Results : In an in vitro test, the number of mature ORNs, expressing olfactory marker protein
(OMP), rose with days in chitosan-treated groups, accompanied with a reduced number of
immature ORNs, expressing SIII tubulin. In the animal experiments, the duration of finding
food after chitosan treatment decreased from exceeded 5 minutes to around 80 seconds on
day 28 following 3-MI-induced lesions. Further; histological images showed that both the ON
thickness and the OMP expression gradually recover after chitosan treatment at appropriate
time point, whereas those without chitosan treatment may pause at the stage of immature
ORNs owing to the highest SIII tubulin expression among groups.

Discussion : Timing is a critical point in medication administration. In this study, we start
treatment on day 10 following 3-MI-induced lesions since basal cells proliferate at the initial
stages of regeneration, and insufficient amount of basal cells may cause incomplete recovery
of olfactory function [2].

Conclusions : Consequently, chitosan would promote the ORN maturation and the ON
regeneration, and be a promising clinical application in the future.

[1] S.H. Lin, S.T. Chu, B.C. Yuan, C.H. Shu, Survey of the frequency of olfactory dysfunction in
Taiwan, Journal of the Chinese Medical Association : JCMA 72(2) (2009) 68-71.

[2] S. Kikuta, T. Sakamoto, S. Nagayama, K. Kanaya, M. Kinoshita, K. Kondo, K. Tsunoda, K.
Mori, T. Yamasoba, Sensory deprivation disrupts homeostatic regeneration of newly
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generated olfactory sensory neurons after injury in adult mice, The Journal of
neuroscience : the official journal of the Society for Neuroscience 35(6) (2015) 2657-73.
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Scarless Healing in Adult Mice is Achieved by
Delayed Collagen Network Regeneration without Myofibroblast Activation
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Introduction : In contrast to fetal scarless healing, adult skin tends to repair with fibrosis when
injured, leading to scar formation. Whether and how scarless healing in adults can be achieved
is unclear

Methods and Results : We found that, in contrast to extensive scarring induced by
macrothermal damage, adult mice could heal scarlessly when the thermal injury was divided
into zones microthermal damage. Though the microthermal injury also induced epidermal
necrosis with dermal collagen denaturation, there was no myofibroblast activation. The skin
was reepithelialized within 24 hours through migration of surrounding keratinocytes but the
restoration of dermal collagen network showed a distinct slow process, contrasting the quick
myofibroblastmediated collagen production in macrothermal damage. In vivo multiphoton
microscopic imaging showed that the regeneration of dermal collagen network was not
restored until 4-6 months later with deposition of newly-formed collagen fibers extending
from the surrounding existing collagen network toward the wound center. The structure of
new collagen fibers merged with and better mimicked the adjacent normal collagen network
both in density and architecture

Conclusions : Our results showed that adult skin still preserves the potential to heal without
scarring. Tilting fibrotic healing toward scarless healing can be a potential strategy to reduce
scar formation in adult skin.
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Divergent Biological Consequences of 3-Dimensional (3d) Sphere Formation for Stem
Cells Vs. and Somatic Cells
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Introduction : 3-dimensional (3D) culture for spheroid formation is increasingly used as a
method to better mimic physiological states. However, the biological consequences of 3D
spheroid formation could be drastically differed for diverse cell type. For embryonic stem
cells (ESCs) which are pluripotent stem cells, spheroid formation—termed embryoid bodies
(EBs)—mimics the natural process of embryo development, and thus is known to result in
loss of pluripotency with a concomitant occurrence of differentiation and lineage
commitment. In contrast, spheroid formation in somatic cell types may allow for selection
of higher ‘stemness’ possessing cells, i.e. selection of somatic stem cell (SSC) population as
has been done with neural stem cells and mammary stem cells. Despite the biological
differences in the starting cells, however, there still should be a “core process” governing
the ability for 3D sphere formation.

Materials and Methods : We performed transcriptome analysis on conventionally
2D-cultured and 3D spheroid ESCs and SSCs to explore the “core process” for 3D spheroid
formation.

Results : As expected, pluripotency markers such as Oct4, Sox2, Nanog, & Klf4 were
significantly down-regulated in ESCs after 3D sphere formation. But, these four markers
were not significantly upregulated in somatic cells after spheroid formation. Convergent
processes for both ESCs and SSCs include hypoxia and cell cycle arrest. Our data also
demonstrate the cell cycle arrest after sphere formation via flow cytometry. Other highly
expressed pathways include metabolic pathways involved in metabolism and oxidative
phosphorylation. We found a metabolism pathway can mediate cytoskeleton
rearrangement to regulate spheroid formation across diverse cell types.

Discussion : 3D spheroid formation is a process for lineage differentiation on ESCs; but a
strategy to maintain SSC stemness. While the mechanisms of spheroid formation involved in
of these two types cell is not due to the pluripotency, but a metabolism pathway.

Conclusions : Our data implicates pluripotency, hypoxia, and cell cycle arrest are not
playing a vital role in 3D spheroid formation across diverse cell types. One metabolism
pathway mediate spheroid formation via cytoskeleton rearrangement.
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Promoting the Maturation and Growth of Induced Pluripotent Stem Cell (Ipsc)-Derived
Retina Ganglion Cells Using Glutamate-Containing Biocompatible Scaffolds
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Introduction : The optic nerve, composed of more than 1 million retinal ganglion cells (RGCs),
functions as the most important transmission of visual information from the retina to the brain.
Progressive degeneration of RGCs leads to irreversible visual disturbance in advanced glaucoma
and other optic neuropathies. Currently, there is no clinically effective treatment for RGC
degeneration. However, the development of stem cell therapy provides us a potential cure for
this problem. Several kinds of retinal neurons, including retinal pigment epithelium (RPE),
photoreceptors, and RGCs, have reported to be successfully induced from embryonic stem cells
(ESCs) and induced pluripotent stem cells (iPSCs). Among them, the development of cell
therapies for optic neuropathy remains challenging due to the need of long and functional
neurites for stem cell-derived RGCs to survive and extend through the original optic nerve
track. The purpose of this study is to develop a bioengineered scaffold system that promotes
stem cell-derived RGC production and may serve as a supportive substrate for potential
surgical transplantation in the future.

Materials and Methods : In the present study, we used the established iPSC cell line for all the
experiments. The induction of hiPSC differentiation employs a procedure based on SFEB
methods. After 27 days culture of retinal differentiation and maturation protocols, the adhesion
culture starts when the aggregates are transferred to 3% Matrigel-coated biocompatible
scaffolds or cover glasses. Different electrospun scaffolds were used for investigation. Cell
characteristics were surveyed by cell morphology, real-time PCR, and immunofluorescence
staining. The rate of neurite outgrowth, neurite lengths, and the interface between neurite and
scaffolds were also analyzed and quantified.

Results : We can smoothly produce the electrospun scaffolds with good ocular biocompatibility
and 3D fibrous structures. (Some of them are now under application of patent.)
Glutamate-containing biocompatible scaffolds showed promising results in promoting the
maturation and growth of induced pluripotent stem cell (iPSC)- derived retina ganglion cells.
Cells in that group demonstrated much more robust growth of neurites as well as RGC-specific
markers. Retinal organoid structure could also be observed soon after adhesion culture.
Discussion : Glutamate-containing biocompatible scaffolds showed promising results in
promoting the maturation and growth of induced pluripotent stem cell (iPSC)- derived retina
ganglion cells. Furthermore, the quick formation of retinal organoid structures demonstrated
the simultaneous differentiation of photoreceptors under the RGC layer. For the first time, this
kind of electrospun scaffold was used as a simulated substrate to investigate this mechanism.
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We proposed that the surface properties and the slow-release glutamate may both facilitate the
differentiation and maturation of iPSC- derived retina ganglion cells.

Conclusions : Glutamate-containing biocompatible scaffolds promotes the maturation and

growth of induced pluripotent stem cell (iPSC)-derived retina ganglion cells and can potentially
serve as an artificial RGC stem cell supporter.
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The Customized Artificial Trachea with Elastic and Biodegradable Properties
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Introduction : Tracheal repair and reconstruction is a big challenge in current medicine. The
only way to treat patients with diseases such as tracheal stenosis is to resect the stenosis path.
However, the method suffers from limited tracheal length and sources. Moreover, the currently
available tracheal prosthesis has the problems of mechanical mismatch and foreign body
reactions. Here we sought to develop a customized artificial trachea for possible applications in
tracheal tissue engineering.

Materials and Methods : The waterborne biodegradable polyurethanes were synthesized in
our laboratory. The customized artificial tracheas were fabricated by a self-designed
three-dimensional printer. The mechanical characteristics of artificial trachea were measured
by tensile tests and dynamic mechanical analyses. Adipose mesenchymal stem cells (ADSCs)
derived from adult male New Zealand white rabbits were seeded on the artificial trachea and
implanted to bridge the gap of rabbit trachea.

Results : The customized artificial trachea and native rabbit trachea demonstrated similar
flexural moduli. The flexural moduli were ~10.2 and ~9.0 kPa for the artificial trachea and
native rabbit trachea, respectively. The customized artificial trachea has higher tensile stress
than the commercial tracheal stent. The customized artificial trachea and commercial tracheal
stent showed tensile stresses of ~9.5 and ~3.8 N, respectively. The rabbit receiving the
ADSC-seeded tracheal replacement could stay alive normally over a period of 4 weeks without
any phenomenon of breathe difficulty.

Discussion : The customized artificial trachea has mechanical properties quite matched to
those of native rabbit trachea. The chemical designs for the polymeric structure of
polyurethanes and the structural stability of artificial trachea contributed to the proper
mechanical function of the customized artificial trachea. The rabbit survival over a period of 4
weeks indicated the feasibility of the designed constructs in tracheal tissue engineering. The
appropriate mechanical stability, biocompatibility, and biodegradation as well as the
chondrogenic differentiation of ADSCs may have contributed to the biological performance of
the tissue engineered artificial trachea.

Conclusions : A customized artificial trachea was successfully fabricated. The flexural modulus
of customized artificial trachea (~10.2 kPa) is similar to that of native rabbit (~9.0 kPa). The
rabbit can survive over a period of 4 weeks after implantation of the customized artificial
trachea. The customized artificial trachea may have potential applications in tracheal
reconstruction.

Acknowledgments : This work was supported by MOST 105-2218-E-002-007.
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Role of Post-translational & Epigenetic Regulation in Human Mesenchymal Stem Cell
(MSC) Immunomodulatory Properties
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Introduction : Human mesenchymal stromal cells (MSCs) are multipotent somatic progenitors
with strong immunomodulatory properties. We and others have shown that human embryonic
stem cell-derived (hE-), bone marrow- (BM), placenta-derived MSCs (P-MSCs) express HLA-G
that impart immunomodulatory actions. HLA-G is a non-classical major histocompatibility
complex (MHC) class I molecule known to be normally expressed only by placental
cytotrophoblasts and in the thymus, which are both transient organs. Thus, understanding of
regulatory mechanisms involved in expression of this elusive molecule has proven difficult,
relying almost exclusively on cancer cell line data and overexpression studies.

Materials and Methods : Using human BM- and P-MSCs, as well as human term placental tissue,
we investigated the molecular mechanisms involved in HLA-G expression in these normal
cells/ tissue.

Results : We found that BM- and P-MSCs express several but not all HLA-G isoforms, with
expression of unique glycosylated forms. Upon interferon- IFN- stimulation, HLA-G
levels are upregulated in MSCs but not the JEG-3 choriocarcinoma cell line. Most interestingly,
methylation patterns in the HLA-G proximal promoter of human BM- as well as P-MSCs are
comparable to human placental tissue but not to JEG-3.

Discussion : Our study implicates the importance of using normal cells and tissues for
physiologic understanding of tissue-specific transcriptional regulation, and the utility of human
MSCs in understanding the transcriptional regulation of HLA-G an important but elusive
immunomodulatory molecule.

Conclusions : Regulation of the non-classical MHC class | molecule HLA-G expression in human
MSCs recapitulate normal, physiologic processes which involve post-translational and
epigenetic mechanisms.
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A Rapid& Robust System for Selection of Osteogenic Phytoestrogens Using Mesenchymal
Stem Cells (MSCs) & Osteogenic Transcription Factor/co-factor Reporter Screening
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Introduction : Rapid increases in the incidence of osteoporosis are due to the aging of
worldwide populations. While multilineage mesenchymal stem cells (MSCs) appear to be
excellent cellular agents to reverse the bone loss that occurs with this disease, actual
implementation of cell therapy is not feasible due to the systemic nature of osteoporosis. On the
other hand, the ‘gold-standard’ in vitro osteogenic assay of calcium mineralization for MSCs are
well established but lengthy, taking up to 1 month for completion. We therefore took advantage
of in vitro MSC osteogenic capacity and in combination with reporter assays for multiple
relevant osteogenic transcription factors (TFs) and/or co-factors,andestablished a rapid and
robust system of screening for osteogenic compounds.

Materials and Methods : We established a rapid systemto select for
osteogenicphystoestrogens and compounds using the combination of MSC early-osteogenesis
functional assay of alkaline phosphatase (ALP) expression, and anosteogenic
TF/co-factor-luciferase reporter assay. Validation was performed with thematureosteoblast
functional assay of mouse MSC calcium mineralization as well as assessing for expression of
the osteogenic factor BMP-2.

Results : Using this combination screening system, we are able tonot only shorten the selection
process for osteogenic phytoestrogens as well as other compoundsfrom the usual 3~4 weeks
to just 3 days, but also perform screening of multiple compounds simultaneously for
comparison ofosteogenic potency.To validate the robustness of our system, we verified that
these compoundscan elicit calcium deposition in MSCs as well as induce high levels of
BMP-2protein expression in a dose-dependent fashion.

Discussion : Results elicited from the osteogenicTF-luciferase reporter assay arein close
alignment with ALP activity as well as more mature osteogenic functional assays ofMSC
calcium deposition and BMP-2 expression.Therefore, the use of MSCs and early functional
assays of osteogenesis provide rapid and robust results for in vitro screening of osteogenic
compounds.

Conclusions : Our findings demonstrate the utility of MSCs in establishingrapid and robust
platforms for drug screening, and in the translational use of these versatile stem cells in in vitro
settings.
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Development of Gelatin/Ascorbic Acid Cryogels for Potential Use in
Corneal Stromal Tissue Engineering
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Introduction : To offer an ideal hospitable environment for corneal keratocyte growth, the
carrier materials can be functionalized with incorporation of signaling molecules to regulate
cell biological events. This study reports, for the first time, the development of gelatin/ascorbic
acid (AA) cryogels for keratocyte carriers in vitro and in vivo.

Materials and Methods : The cryogel samples were fabricated by blending of gelatin with
varying amounts of AA and carbodiimide cross-linking via cryogelation technique. The carriers
were characterized to examine their structures and functions. The in vitro/vivo
biocompatibilities and anti-oxidative stress effects of materials for tissue reconstruction
applications were assessed.

Results : Hydrophilic AA content in the carriers was found to significantly affect cross-linking
degree, pore size, mechanical, biological stability and AA release profile. The cryogel carriers
with low-to-moderate AA loadings were well tolerated in vitro/vivo tissues. Although higher
incorporated AA level contributed to enhanced metabolic activity and biosynthetic capacity of
keratocytes grown on cryogel matrices, the presence of excessive amounts of AA molecules
could lead to toxic effect and limit cell proliferation and matrix production. The cytoprotective
activity against oxidative stress was shown to be strongly dependent on AA release, which
further determined cell culture performance and tissue restoration efficacy.

Discussion : With the optimum AA content in carrier materials, intrastromally implanted
cell/cryogel constructs exhibited better capability to enhance tissue matrix regeneration and
transparency maintenance as well as to mitigate corneal damage in an alkali burn-induced
animal model

Conclusions : It is concluded that understanding of antioxidant molecule-mediated
structure-property-function interrelationships in gelatin/AA cryogels is critical to designing
carrier materials for potential use in corneal stromal tissue engineering.
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Development of Gelatin-Graphene Oxide Hydrogel by Argon-Microplasma for
Orthopedics Tissue Engineering Applications

Mantosh Kumar Sathapaty’, Batzaya Nyambat®, Er Yuan Chuang’, Pei Chun Wong?,
Chih-Wei Chiang®, Chih Hwa Chen*?
Graduate Institute of Biomedical Materials and Tissue Engineering, College of Biomedical
Engineering, Taipei Medical University, Taipei, Taiwan!
School of Biomedical Engineering, College of Biomedical Engineering, Taipei Medical
University, Taipei, Taiwan?
Bone and Joint Research Center, Department of Orthopedics, Taipei Medical University
Hospital, School of Medicine, College of Medicine, Taipei Medical University, Taipei, Taiwan.3

Introduction : Gelatin is a well known biocompatible denatured biopolymer and a potential

material for pharmaceutical,biomedical and tissue engineering applications.However, the
drawbacks such as poor mechanical properties, high solubility and contagious nature
restrictits biomedical applications. Recently, graphene oxide is used as an additive in
biopolymers used in tissue engineering and regenerative medicine due to it's non-toxicity at
low concentrations with improved biomaterial scaffold properties such as cellular attachment
and proliferation. Furthermore, nanocomposite biopolymeric hydrogels which have recently
attracted significant attention in tissue engineering are generally synthesized by traditional
toxic chemical cross-linking processes. To overcome these problems, in this present study we
successfully report the first ever attempt to fabricate gelatin-graphene oxide nano-composite
hydrogel scaffolds by using microplasma as an effective and nontoxic method of crosslinking
for future orthopedics tissue engineering and clinical applications. Consequently, we aim to
create a safe and favorable environment for efficient cellular and material interaction within
tissue environment for tissue regeneration and repair.

Materials and Methods : Optimized Ar-microplasma conditions (2,500 V and 8.7 mA) for

15-30 min with a gas flow rate of 0.100 slpm was found to be most suitable for producing the
desired gel-GO nanocomposite hydrogel. The developed hydrogel was characterized by SEM,
confocal microscopy, water contact angle measurement and rheology. The cell viability,
cytotoxicity and cellular proliferation were examined by MTT assay and live/dead assay on
L929 and MG63 cell lines respectively.

Results : The pore size of the hydrogel was found to be 287 + 27 pum with water contact angle

of 78> + 3.70. Rheological data revealed the well maintained tunable viscoelasticity of the
hydrogel even up to 37 oC (body physiological temperature). Results of the MTT assay,
microscopy, and live/dead assay exhibited better cell viability at 1% (w/w) of
high-functionality GO in 8% purified gelatin.

Discussion : The adequate pore size of the hydrogel scaffold from SEM data proved it to be an
ideal scaffold for orthopedics tissue engineering in resonance with cellular adhesion,
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attachment and proliferation. In addition, results have indicated that Ar-microplasma treated
gel-GO nano-composite hydrogel meets standard qualities of hydrogels such as tunable
mechanical strength and degradation kinetic. Thus fabricated gel-GO hydrogels can also be
tailored and controlled as per the need through Ar- microplasma treatment. Hence,
Ar-microplasma treated Gelatin-GO scaffolds are promising materials especially for
biomedical applications with the ability to support cellular proliferation, adhesion, and
differentiation with little or no cytotoxicity.

Conclusion : The Ar-microplasma treated tunable designed scaffold may be used to support
cell growth without toxicity for both hard and soft tissue regeneration.2
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Development of the Genipin-Crosslinked Adipose Stem Cell Derived ECM Sponge
Containing Graphene Oxide for SKin Tissue Engineering

Batzaya Nyambatl, Chih Hwa Chen?23, Er Yuan Chuang?, Pei Chun Wong?,
Mantosh Kumar Sathapaty?, Chih-Wei Chiang3
Graduate Institute of Biomedical Materials and Tissue Engineering, College of Biomedical
Engineering, Taipei Medical University, Taipei, Taiwan?
School of Biomedical Engineering, College of Biomedical Engineering, Taipei Medical
University, Taipei, Taiwan?
Bone and Joint Research Center, Department of Orthopedics, Taipei Medical University
Hospital, School of Medicine, College of Medicine, Taipei Medical University, Taipei, Taiwan3

Introduction : Healing of the deep and chronic wound fails due to poor dermal regeneration

and it leads to scarring, amputations and death. The conventional treatment of the deep
wound is the autologous skin split graft creating donor site morbidity. Therefore tissue
engineering approaches using biological or synthetic scaffolds have been emerged to enhance
wound healing. Recently, tissue and cell derived extracellular matrix (ECM) scaffold are
gaining research interest among them due to natural preservation of bioactive compositions
such as, collagen, growth factor and cytokines. In comparison with tissue derived bio-scaffold,
cultured cell derived ECM scaffold has less risk of pathogen transfer and immune rejection.
However, mechanical property of the cell derived ECM scaffold is relatively lower than tissue
derived ECM scaffold. Therefore, we have tried to reinforce mechanical property of ECM
sponge with graphene oxide (GO) and genipin-crosslinking. GO is two dimensional carbon
sheets owing high mechanical property as well as it has positive effect on cell proliferation
and differentiation. Genipin is a natural crosslinking agent for various scaffold fabrication in
tissue engineering. The purpose of our study was to develop a biocompatible, biodegradable,
and genipin- crosslinked ADSC derived ECM sponge containing suitable amount of GO for skin
tissue engineering.

Materials and Methods : Rabbit adipose stem cell derived ECM sponge containing different

amount (10, 20, 50 and 100 pg/ml) of GO was produced using cultures of the adipose stem
cells, production of cell sheet, decellularization of the ADSC cell sheet and freeze-thawing
method. Crosslinking was performed by immersing of the sponge in Genipin solution (1%
w/v). Pore size and porosity of constructed ECM sponge were assessed by scanning electron
microscope (SEM). Immunofluorescent staining was done to identify collagen distribution in
the sponge. Cytotoxicity of the sponge were evaluated using MTT assay
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide). To identify in vivo
biocompatibility and biodegradability, constructed pure ECM sponges, non-crosslinked and
genipin- crosslinked ECM sponges containing different amount of GO were implanted
subcutaneously in rats. Rats were sacrificed after 4 weeks, and then systemic and local
inflammatory response after subcutaneous implantation were assessed by histological H&E
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staining. The different groups were compared using the T test and One Way ANOVA (IBM
SPSS statistics, 19 version).

Results : Macroscopic observation showed that the disc shaped sponges were 5mm in

diameter with 2.5 mm thickness as well as with white (pure ECM), grey (non-crosslinked) and
dark blue (genipin- crosslinked) appearance. SEM analysis demonstrated a highly porous
microstructure with 71.22 + 19.52 um pore size, whereas porosity of the sponge was 63.45 *
6.40 % in crosslinked group. Immunofluorescent staining showed that evenly distribution of
collagen type I. MTT analysis indicated that the ECM sponge with 10 and 20pg/ml
concentration of the GO had significantly higher cell viability in comparison with the ECM
sponge containing 50 pg/ml and 100 pg/ml amount of the GO (p>0.05). Histological
examination revealed that there was no inflammatory response in heart, lung, liver, pancreas,
spleen and kidney in pure ECM, non-crosslinked and genipin-crosslinked group. Moreover 4
weeks after implantation, smaller residual sponges with less inflammatory reaction was
observed in both crosslinked and non-crosslinked ECM sponge containing 20pg/ml GO group
in subcutaneous tissue compared with other groups. Further, the smallest residual sponge
was found in pure ECM sponge which indicates lower mechanical property of the sponge.

Discussion : Ideal scaffold degradation should match host tissue regeneration without

adverse efficacy. In our study, ECM sponge with 20 pg/ml of GO showed suitable degradation
with less inflammatory reaction after 4 weeks implantation. Previous studies revealed that
engineered scaffolds are degraded by activated macrophages. Therefore we assume that ECM
sponge containing 20pg/ml GO might be activate host macrophages properly.

Conclusion : We have successfully developed a biocompatible, biodegradable and

genipin-crosslinked ECM sponge containing GO using rabbit adipose derived stem cells. The
ECM sponge could preserve uniform distribution of collagen. Furthermore, suitable
degradation was found after 4 weeks implantation with no any systemic, local toxicity and
undesired host responses in rat.

- 40 -



2018 & o B 42 FHF £ TG
2018/03/03

16:00-16:10
S-12

2K T PMAR N RRBAPTH AT L L B A s
Nanostrontium Ranelate Incorporated Photo-Sensitive Hydrogel Enhanced Bone
Regeneration Supporting Spinal Fusion
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Introduction : Spinal Fusion is a well-known surgery for patients with instability in spine or
dislocations in spine. Current concerns of causing inflammation and discomfort for patients
arise from the use of bone graft, bone screw and bone plate. Strontium Ranelate (SrR), an oral
osteoporotic medicine with a dual mechanism on bone remodeling, can not only promote
bone formation but also inhibit bone resorption. We aim to improve the absorbing efficiency
of SrR compare to orally administered method by combining nanotechnology and
photo-responsive hydrogel. The goal is to achieve not only sustained release of SrR but also
supporting spinal fusion by promoting bone regeneration.

Materials and Methods : Nanostrontium ranelate (STRNP) was formulated by electrostatic
interaction. Strontium Ranelate (SrR) was mixed with Glycol Chitosan (positive charged) and
Hyaluronic Acid (Negative charged). STRNP was detected by Dynamic Light Scattering (DLS)
to check the size and zeta potential. Transmission electron microscopy (TEM) and scanning
electron microscopy (SEM) were used to observe the morphology of SrRNP. Fourier
Transform Infrared Spectroscopy (FTIR) was used to check if the peak of functional group
from materials do exist in STRNP. Rheology test was done by using Rheometer to check the
viscoelasticity of STRNP incorporated with hydrogel (SrRNP-H). Inductively Coupled Plasma
Mass Spectrometry (ICP-MS) was used to calculate the concentration of SrR inside SrRNP-H.
In vitro drug release study was carried out to check the release rate of STRNP-H. MTT assay
and LIVE/DEAD assay were done to check the cell viability in the condition of STRNP-H.
Calcium-ECM was carried out to check the osteoblastic proliferation. For animal study, 9
wistar rats (300-350g) were used. There are three groups for animal experiment including
Decorticaiton only, Decortication with hydrogel, Decortication with SrRNP-H. X-ray and
micro-CT were used to check the imaging of bone growth. Histology was done to check the
cytotoxicity in organ and bone formation.

Results : The particle size of STRNP was found to be 419.13+6.48 nm. The loading efficiency
values of STRNP were found to be 77%. TEM and SEM showed the spherical shape and
monodispersity of STRNP. FTIR showed the functional peak of SrR, HA, GCS in STRNP. The
value of G’ and G” increases as the time of UV exposure increases. The concentration of Sr in
SrRNP-H was calculated to be around 40ppm. In vitro release study showing the sustained
release of SrR in SrRNP-H compared to strontium ranelate solution. MTT assay and
LIVE/DEAD assay suggested a good cell viability of SrRNP-H. Calcium-ECM showed the
significant proliferation of osteoblast. The results of animal experiment suggested that over an
observation period of 8 weeks, the group treated with STRNP-H exhibit the highest level of
bone regeneration under the non-invasive x-ray and uCT estimation compared to the group
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treated with decortication or decortication with PEGDA hydrogel. Body weight study showed
no significant change in body weight. Histology showed bone formation in spine without
damage in organ.

Discussion : The size of nanoparticle for bone growth is suitable to be around 400nm.
Negatively charged particle also has advantages such as less toxicity and higher tissue organ
uptake. Spherical shape and monodispersity suggested the narrower size distribution of
particle, which is also good for clinical use. As the rheology study shows, STRNP-H becomes
more rigid as the time of UV exposure increases. Sustained release of drug suggested to
shorten recovery time for patients.

Conclusion : STRNP-H can not only provide sustained and slow releasing rate of SrR but also
increase bone regeneration both in vitro and in vivo. Last but not least, STRNP-H is safe and
will not cause cytotoxicity. As a result, STRNP-H could be a promising biomaterial to support
spinal fusion.
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Bio-Tribology
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