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10:20-10:40
I-1

The Immunomodulatory Effects of Mesenchymal Stem Cells in Vascularized
Composite Allotransplantation

Yur-Ren Kuo, MD, PhD, F.A.C.S.
Professor, Division of Plastic Surgery, Department of Surgery,
Kaohsiung Medical University Hospital, Taiwan

Mesenchymal stem cells (MSCs) are attractive cell sources in regenerative medicine.
Studies indicated that bone marrow-derived mesenchymal stem cells (BM-MSCs) and
adipose-derived stem cells (ASCs) are equally capable of differentiating into various
lineages of the mesenchyme and rendering immunosuppressive and immune modulatory
effect in vitro and in vivo. In this presentation, we present our work and focus on the
bio-mechanisms of immune modulatory effects of MSCs. We used the rodent or swine
hind-limb models as the vascularized composite allotransplantation (VCA) model for in
vivo study.

Our study indicated MSC/ASCs exert immunomodulatory effects including
suppressing T cell proliferation and increasing the expressions of CD4+/CD25+/Foxp3+
regulatory T cells in vitro. Matured dendritic cells (DCs) are strong antigen presenting cells
(APC) and highly potent immuno-stimulatory cells to induce allograft rejection. Our study
revealed ASCs suppressed the effect of DCs induction of CD4" T-cell proliferation. DCs
co-cultured with ASCs showed significant inhibition of DCs differentiation by the
decreasing MFI of MHC class Il and CD86 expressions. Recent study revealed that ASCs
combined with short-term immunosuppressant have a positive effect in prolongation of
rodent and miniature swine hind-limb allograft survival in vivo. ASCs suppressed DCs
maturation is correlated with indoleamine 2, 3-dioxygenase (IDO) expression in mature
DCs in vitro.

Results obtained from this review provided important information of MSCs regarding
the immune-modulation in composite tissue allotransplantation.
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Figure 2: Proposed immunomodulatory mechanisms of MSCs in a vascularized composite allotransplantation (VCA). MSCs mediate their
immunomodulatory effects by interacting with cells from both the innate (DCs, macrophages, NK cells) and adaptive immune (T cells
and B cells) systems, particularly through the regulation of T-cell proliferation and the inhibition of DC differentiation. MSC inhibition of
TNF-a and IFN-y secretion, promotion of IL-10 and TGF-f3 secretion, and IDO and PGE2 expression may affect the maturation states and
functional properties of DCs, resulting in skewing of the immune response toward the prolongation of VCA survival. DC: dendritic cells;
IFN-y: interferon (IEN)-y; IDO: indoleamine-2,3-dioxygenase; NK: natural killer; PGE2: prostaglandin E2; Tey: regulatory T-cells; TGF-5:
transforming growth factor-8; TNF-a: tumor necrosis factor (TNF)-a.
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11:00-11:20
-3

Role of Integrin/Integrin-Linked Kinase (ILK)/Wnt Signaling Cascade in Conveying
Surviving Signals from Epithelial Basement Membrane to
Corneal Epithelial Stem Cells

5B HrEARM

It has been well known that stem cell differentiation is heavily influenced by the
microenvironment, so called the stem cell niche. For epidermal keratinocytes, epithelial
basement membrane (EBM) is the major component of the niche. However, to date little is
known about how the surviving signal is transmitted from the extracellular matrix (ECM) to
the progenitor cells. Previously, using EDC/NHS cross-linked denuded amniotic membrane
(CLDAM) as a surrogate EBM, we were able to observed that progenitor cells of human
limbo-corneal epithelial (HLE) cells were better preserved on CLDAM than on natural DAM
(Biomaterials, 2010; J. Biomed. Nanotechnol., 2013). Recently, we have identified
integrin-linked kinase (ILK) may play a key role in conveying surviving signals from ECM
and cross-talk with the Wnt pathway so as to promote the proliferation and inhibit
differentiation of HLE cells (Acta Biomaterialia, 2016). Because non-organic material with
adequate surface complexity can relay survival or differentiation signals to cells, the
three-dimensional configuration of the stem cell niche might be more important than
previously recognized.Understanding the topographic features of individual SC niches may
enable the fabrication of artificial SC niches using synthetic biomaterials to replace more
expensive natural basement membrane proteins.

11
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11:20-12:00
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Cell and Gene Therapy of Congenital and Acquired Cornea Diseases

Dr. Winston Whei-Yang Kao
Professor, University of Cincinnati
USA

Abstract

Umbilical cord mesenchymal stem cells (UMSCs) have unique immunosuppressive
properties enabling them to evade host rejection and making them valuable tools for cell
therapy for treating congenital and acquired cornea diseases. We previously showed that
human UMSCs can modulates the host immune response enabling them to survive
xenograft transplantation via the expression of a glycocalyx. In vitro, UMSCs inhibit the
adhesion and invasion and cell death of inflammatory cells, and also the polarization of
M1/M2 macrophages and maturation of T-regulatory cells. Moreover, UMSCs exposed to
inflammatory cells synthesize a rich extracellular glycocalyx composed of the chondroitin
sulfate proteoglycan versican bound to a heavy chain (HC, heavy chains of inter alpha
trypsin inhibitors) modified hyaluronan (HA) matrix (HC-HA), which contains
TNFa-stimulated gene 6 (TSG6), the enzyme that transfers HCs to HA, and pentraxin-3.
Our results, both in vivo and in vitro, show that this glycocalyx confers the ability for
UMSCs to survive the host immune system and to regulate the inflammatory cells.
Administration of antibodies against the constituents of the glycocalyx, digestion of
hyaluronidase and Chondroitinase ABC abolish the UMSC ability to modulate immune
responses. Furthermore, treatment anti-CD44 antibodies also greatly diminishes the
UMSC ability in modulating formation of M2 macrophages, suggesting that cell surface
CD44 is required for the correct assemble of the UMSC glycocalyx for modulating
inflammatory cells. Use of CRSIPR genome editing, we also show the feasibility of treating
lysosomal storage diseases, e.g., MPS VII (mucopolysaccharidosis type VII).

Key words:

Cell Therapy, Mesenchymal Stem Cells, Congenital and Acquired Cornea Diseases,
Glycocalyx, Immune Suppression, CRISPR genome editing
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13:30-13:50
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The Gap between the Academic Research and Industrialization of Cellular
Therapeutic, SBI Experience

T L BB FAH

Abstract

As one of the clinical stage biotechnology company focused on the development and
commercialization of regenerative medicine and cell therapy technologies, SBI echoes
many struggles of the industrial pioneers. The efforts have been engaged in
1. Adaption and maintenance of the quality system and principle of pharmaceutical
manufacturing practice.
2. Scaling up and tuning the consistency of production
3. Transport and package of product warranting the product stability
4. Strengthen the product safety for clinical usage
(www.steminent.com)
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14:30-14:50
1-8

The Isolation, Enrichment and Differentiation Mechanism for a Type of Pulmonary
Stem/ Progenitor Cells

iR K LA FERELS

The lung is a complex organ consist of many functional gas-exchanging units, named
alveoli. There are approximately 300 million alveoli in adult lung. The type-lI and type-Il
pneumocytes contribute to the maintenance of the epithelial layer for alveoli formation.
Type-lI pneumocytes are large, thin cells stretched across a large surface area, and cover
a majority of the alveolar surface area (>95%), and are responsible for gas exchange.
However, the knowledge about Type-l pneumocyte was quite rare because the difficulty of
purification of the Type-l pneumocyte in past, as well as, the main function of Type-I
pneumocyte: blood-air barrier for oxygen transportation was also quite hard to study. In
previous studies, we have reported the enrichment of mouse pulmonary stem/progenitor
cells (mPSCs) by using serum-free primary selection culture followed by FACS isolation
using the coxsackievirus/ adenovirus receptor (CAR) as the positive selection marker. Our
results demonstrate that lung stem/progenitor cells could promote angiogenesis as well as
the differentiation of alveolar pneumocytes.

16
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ALEPMEEHREABFERER
Infected Animal Model for Artificial Joint Replacement
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Introduction : Osteomyelitis is the infection of the bone perse. The bacteria could travel to
the infection site through bloodstream, or inoculate directly, such as surgery, invasive
procedure or open wound. Both conditions need a long period of treatment and high
recurrent rate. In this study, we are going to test the hyperthermia effect of nanoparticles
on treating osteomyelitis by use the previously established rat osteomyelitis model with
implanting the frequently used metallic pin (stainless, titanium, and CoCrMo).

Materials and Methods : We used 300+50g rat to develop an Osteomyelitis model, knee
joints were subjected to inserted a stainless steel pin and inject 107CFU/0.5ml of
Staphylococcus. Aureus of the bacterial suspension. It took about 21 days to develop
Osteomyelitis.

In this study, we would going to test the hyperthermia effect of nanoparticles on treating
osteomyelitis. The animals would be 4 groups: SA-, SA+, SA+ with nanoparticle, and SA+
with nanoparticle treated by hyperthermia.

Results : In this study, for example, as an additional infection with histological assessment
Congo Red, H & E and Gram stain and other objective indicators of the extent and degree
of restoration.

The therapeutic results show that magnetic heat treatment can reduce the amount of
bacteria in vivo in rats; if the magnetic heat treatment and Vencomycin administered
simultaneously, can effectively reduce the amount of bacteria was more than 10 times. But
the number is slightly less because of the subject, the statistics yet there are significant
differences can, in the hope of future plans by the continuation of treatment outcomes to
make a more complete show.

Discussion : This study found that taking 21 days after infection can be detected more
complete model of the biofilm, more suitable for subsequent thermal parameters and
magnetic therapy and other tests; in addition to the 23G needle as the femur fixator its
length to 20mm is most appropriate. Currently biofime validation to the main sections were
stained by the needle out when biofilm may cause decalcification biofilm is washed off and
can not detect other factors, follow-up will consider ways undecalcified frozen sections and
stained verification.

Conclusions : Take 21 days of infection mode not only makes high biofilm integrity, for
subsequent magnetic heat treatment is obvious; and after 21 days the mice both in terms
of recovery of appetite and ability to act more complete, more in line with animal ethics. In
this study, for example, as an additional infection with histological assessment Congo Red,
H & E and Gram stain and other objective indicators of the extent and degree of
restoration.
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The therapeutic results show that magnetic heat treatment can reduce the amount of
bacteria in vivo in rats; if the magnetic heat treatment and Vencomycin administered
simultaneously, can effectively reduce the amount of bacteria was more than 10 times. But
the number is slightly less because of the subject, the statistics yet there are significant

differences can, in the hope of future plans by the continuation of treatment outcomes to
make a more complete show.

20
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Self-Assembled Peptide-Based Hydrogels as Scaffolds for Proliferation and
Multi-Differentiation of Mesenchymal Stem Cells
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Introduction : Fluorenyl-9-methoxycarbonyl (Fmoc)-diphenylalanine (Fmoc-FF) and
Fmoc-arginine-glycine-aspartate (Fmoc-RGD) peptides self-assemble to form a 3D
network of nanofibrous hydrogel (Fmoc-FF/Fmoc-RGD), which provides a nanofibrous
hydrogel network that uniquely presents bioactive ligands at the fibre surface for cell
attachment.

Materials and Methods : Fmoc-FF, Fmoc-RGD and Fmoc-RGE were synthesized. The
immortalization of human primary MSCs were tested by cell proliferative, live-dead assay,
histochemistry and immunohistochemistry after in vitro and in vivo differentiation or not.
Results : In the present study, the proliferation and differentiation of mesenchymal stem
cells (MSCs) encapsulated in Fmoc-FF/Fmoc-RGD hydrogel were investigated and
compared to that in Fmoc-FF/Fmoc-RGE (a chemical analogue of RGD but does not
promote cell adhesion) hydrogel. MSCs in Fmoc-FF/Fmoc-RGD hydrogel increased in
proliferation and survival compared to that in Fmoc-FF/Fmoc-RGE hydrogel. Moreover,
MSCs encapsulated in Fmoc-FF/Fmoc-RGE hydrogel and induced in each defined
induction medium underwent in vitro osteogenic, adipogenic and chondrogenic
differentiation. The optimal cell density for differentiation is 2.5x10° per 200 ul cell-gel
mixture for each differentiation. For in vivo differentiation, MSCs encapsulated in
Fmoc-FF/Fmoc-RGD hydrogel or Fmoc-FF/Fmoc-RGE hydrogel were induced in each
defined medium for 1 week, followed by injection to gelatin sponges and transplantation
into immunodeficient mice for 4 weeks. MSCs in Fmoc-FF/Fmoc-RGD hydrogel increased
in differentiation into osteogenic, adipogenic and chondrogenic differentiation, compared to
that in Fmoc-FF/Fmoc-RGE hydrogel.

Discussion : Many kinds of hydrogels had been explored as scaffolds for tissue
engineering and regeneration medicine. Although Fmoc-FF/Fmoc-RGD hydrogel has been
investigated for delivering anchorage-dependent cells (Zhou, Smith et al. 2009), its
application for tissue engineering using MSCs has not been demonstrated. This is the first
study to demonstrate the suitability of Fmoc-FF/Fmoc-RGD hydrogel for serving as
scaffolds for multi-differentiation of MSCs both in vitro and in vivo.

Conclusions : These data conclude that nanofibers formed by self-assembly of Fmoc-FF
and Fmoc-RGD are suitable for the attachment, proliferation, and multi-differentiation of
MSCs and can be applied for musculoskeletal tissue engineering.
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Preservation of Human Limbal Epithelial Progenitor Cells on Carbodiimide
Cross-Linked Amniotic Membrane Via Integrin-Linked Kinase-Mediated Wnt

Activation
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Introduction : Given that the Wnt pathway is a major signaling pathway regulating corneal
epithelial stem cells, this study aims to investigate the mechanism of preservation of
human limbal epithelial (HLE) progenitor cells on carbodiimide cross-linked amniotic
membrane (CLDAM) via integrin-linked kinase (ILK)-mediated Wnt activation.

Materials and Methods : HLE cells were cultured on dishes (HLE/dish), AM (HLE/DAM) or
CLDAM (HLE/CLDAM). BrdU label retention, CFE assay, immunoconfocal microscopy,
real-time quantitative RT-PCR, Western blot, and effect of ILK silencing or over-expression
on Wnt activation and HLE cell differentiation were performed to study the influence of
matrix ultrastructure on Wnt activity.

Results : Compared with HLE/dish or HLE/DAM cultures, HLE/CLDAM cultures showed
greater BrdU retention and colony formation efficiency and expressed higher levels of p63,
ABCG2, integrin B1, and ILK. Nuclear B-catenin and TCF-4 levels were higher in
HLE/CLDAM cultures compared with HLE cells cultured on collagen 1V, laminin, Matrigel,
or DAM. Silencing of ILK in HLE/CLDAM cultures led to decreased levels of nuclear
B-catenin, TCF-4, and deltaNp63a, whereas cytokeratin 12 expression increased.
Over-expression of ILK in HLE/dish cultures had the opposite effects.

Discussion : Carbodiimide cross-linked AM can potentially serve as an artificial corneal
epithelial stem cell niche. For the first time, the CLDAM was used as a simulated substrate
to investigate this mechanism. We proposed that the CLDAM with its higher rigidity and
rougher ultrastructure better preserved HLE progenitor cells in vitro, possibly by activating
integrin B1/ILK, which indirectly activated Wnt/B-catenin and subsequently deltaNp63a.
Conclusions : Crosstalk between integrin $1/ILK and Wnt/B-catenin pathway plays a role
in HLE cell cultivation.
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Evaluation the Anti-inflammation and Anti-Apoptosis Abilities of Mesenchymal Stem
Cell by Chondrocyte/Wharton’s Jelly Mesenchymal Cells (WJMSC)
Co-culture System
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Introduction : Due to mesenchymal stem cell is easily expanded in culture, generally not
tumorigenic, and can be readily obtained from patients, they have become an ideal cell
source for osteoarthritis (OA) therapy. Here, we tried to use human Wharton’s Jelly MSC
(WJIMSC) as a cell source for OA treatment. Chondrocyte was induced inflammation by
hydrogen peroxide (H2O.) incubation first, and then co-cultured with WJMSC or
WJMSC-conditioned medium to evaluate the anti-inflammatory and anti-apoptosis ability.
Materials and Methods : Four kinds of culture conditions were evaluated in the study
including (1) H202-chondrocyte, (lI) H2O2-chondrocyte/WJMSC co-culture system, (lll)
WJMSC-conditioned medium system and (IV) chondrocyte control group. In system I,
chondrocyte and WJMSC was cultured on the bottom layer of the wells and the transwell,
individually. In system Ill, WIJMSCs was cultured for 1 day and collected the medium to
prepare the WJMSC-conditioned medium. Cells were all collected after 1-day incubation
for further analysis by real-time PCR.
Results : The cell viability was decreased, and the morphology was changed in H20O;
treated chondrocyte groups, especially when the H,O, concentration was higher than 300
M. In system I, we found H,O, can up-regulated COX-2 expression. Besides, we also
found when chondrocyte/WJMSCs ratio was decreased, the inflammation-related genes
such as COX-2, MMP13 and iNOS were up-regulated (system II). In system lll, we found
the inflammation genes were up-regulated in 10X WJMSC-conditioned medium treated
group, and the anti-inflammation related gene IGF-1 was also increased. However, the
inflammation and apoptosis genes were significantly decreased in 10X WJMSC-pass
through medium group.
Discussion : Summarized the cell viability, cell morphology and gene expression results,
chondrocyte treated with 200 uM H,O, was the optimal concentration to induce the cell
damage. We found 10X WJMSC-pass through medium possess better anti-inflammation
and anti-apoptosis ability. It not only reduce the inflammatory level of COX-2, MMP13,
INOS, TNF- but also decrease the apoptosis level of Caspase 3, TNF-R1, Caspase 8, and
assist chondrocyte repair.
Conclusions : Compared to all of the co-culture systems, the 10X WJMSC-pass through
medium could effective reduce the inflammation and apoptosis of the chondrocyte.
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Water-Based Polyurethane 3D Printed Scaffolds with Controlled Release Function
for Customized Cartilage Tissue Engineering
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Introduction : 3D printing is a rapid prototyping and fabrication technology. Scaffolds can
be fabricated by the 3D printing method. However, non-toxic biodegradable materials
available for 3D printing are relatively limited. Transforming growth factor  family is the
most frequently used bioactive factor to induce chondrogenic differentiation but is
expensive and can cause the hypertrophy through the sustained high content. Y
compound is an inhibitor for ROCK and is under clinical trials for treating heart failure. Y
compound increases the differentiation of chondroprogenitors, but its effect on
mesenchymal stem cells (MSCs) depends on cell density and morphology. Here we
develop 3D printed scaffolds with cell aggregation capacity and controlled release function
based on polyurethane (PU) and hyaluronan (HA) for cartilage tissue engineering
applications.

Materials and Methods : The biodegradable PU elastomers were synthesized from a
water-based process. The soft segment was poly( -polycaprolactone) diol and
polyethylene butylene adipate diol. The hard segment was isophorone diisocyanate,
2,2-bis(hydroxymethyl) propionic acid and ethylenediamine. 3D scaffolds were printed from
a feed containing PU, HA, and Y compound. The expression levels of chondrogenic,
hypertrophic, and fibrotic marker genes for MSCs grown in the 3D printed scaffolds were
analyzed by qRT-PCR. The contents of glycosaminoglycan were determined by
dimethylmethylene blue assay. The capacity for chondral regeneration of the 3D printed
scaffolds was evaluated in a rabbit chondral defect model.

Results : A 3D scaffold was successfully fabricated by the 3D printing process from PU
dispersion mixed with HA and Y compound. MSCs seeded in the scaffolds were
aggregated and underwent chondrogenesis effectively. Transplantation of the
MSC-seeded PU/HA/Y scaffold in a rabbit chondral defect significantly improved the
cartilage regeneration.

Discussion : Scaffolds are printed from the PU dispersion with the aid of high viscosity HA.
The PU/HA/Y scaffolds promote the self-aggregation of MSCs and, with timely release of
the Y compound, induce the chondrogenic differentiation of MSCs and produce matrix for
cartilage repair.

Conclusions : The 3D printing composite scaffolds with controlled release bioactivity may
have potential in customized cartilage tissue engineering.
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Gelatin-Hydroxyapetite/Beta-Tricalcium Phosphate Hybrid Scaffold as a Type 2
Bone Morphogenetic Protein Carrier to Enhance Supra-Alveolar Osteogenesis
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Introduction : The aim for this study is to evaluate preclinical efficiency of a novel
gelatin-hydroxyapatite/beta-tricalcium phosphate (gelatin-HA/R-TCP) hybrid scaffold as a
type 2 bone morphogenetic protein (BMP-2) carrier in promoting supra-alveolar
osteogenesis.
Material and Methods : Thirty-two rats were utilized and were divided into four groups:
gelatin-HA/R-TCP scaffold alone, scaffold infused with BMP-2, scaffold infused with
poly-(D,L) lactide (PDLLA) microspheres encapsulating BMP-2, and no scaffold (control)
groups. The hybrid structure of gelatin-HA/R-TCP was fabricated by freeze-drying and
crosslinking with glutaraldehyde, and the PDDLA microspheres were fabricated using
co-axial elecrohydrodynamic atomization. The scaffold (56X2 mm) was fixed on the buccal
surface of rat mandible using a 1.2X6 mm mini-screw for 28 days. The treatment
outcome was evaluated by bone flurochrome staining using calcein and Alizarin red,
micro-CT imaging, and histology.
Results : The crosslinked gelatin-HA/R-TCP scaffold was successfully fabricated with a
pore size of 439456 m and a porosity of 81.7+1.2 %. The PDLLA microsphere was 7+3
m in diameter, with an encapsulation efficiency of 64.9%+4.59 % and controlled release
capability over 2 weeks. Osteogenesis to augment the ridge height was evident, and
newly-formed bone was well integrated with HA/R-TCP particles. Stronger bone
flurochromatic signals was noted in the specimens infused with BMP-2 and microspheres
with BMP-2. On the micro-CT imaging, the groups treated with gelatin-HA/R-TCP scaffold
showed significant greater supra-alveolar osteogenesis relative to the control, and no
significant difference was noted among these three groups in the percentage of new bone
formation between three scaffold groups.
Discussion : Supra-alveolar osteogenesis was promoted according to great space
maintanence and osteoconductive capabilities of the gelatin-HA/R-TCP scaffold, and the
osteogenic potential was apparently greater with BMP-2 treatment. However, no further
significant improvement by BMP-2 was presumably associated with the radiopaque
nature of HA/R-TCP that the newly-formed was not entirely distinguishable from residual
HA/R-TCP.
Conclusion : The novel gelatin-HA/R-TCP scaffold was able to enhance supra-alveolar
osteogenesis. Further investigation to evaluate the additional benefit of carrying BMP-2 is
still needed.
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Vascular Endothelial Responses to Disturbed Flow in Arteriovenous Fistula
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Introduction : Although the Autogenous arteriovenous fistula (AVF) was the preferred form
of permanent hemodialysis access, it still had significant problems such as thrombosis,
stenosis.

Materials and Methods : Human sample was collected from hemodialysis patients. We
used the rat AVF model to mimic the human AVF condition. The flow pattern and shear
stress in the AVF was measured by Doppler ultrasound imaging system. The cultured
Human saphenous vein endothelial cell (HSVEC) was subjected to shear stress in a
parallel-plate flow chamber to mimic the flow pattern in the human AVF.

Results : We found that the abnormal disturbed flow with high and oscillatory shear stress
(HOS) was generated in the anastomosis site of AVF by Doppler ultrasound. The
expression pattern of high HDAC-1/2/3 and low TM was shown in ECs exposed to HOS on
both human patients and AVF rat model. In order to confirm the change of HDAC-1/2/3
and TM in AVF, we developed the in vitro flow system to generate the HOS with 30 + 100
dyne/cm? and laminar shear stress (LSS) with 5 dyne/cm? to mimic flow pattern in the
physiological environment of human AVF. Application of ECs with HOS induced the
association of HDAC-3 with KLF2 to deacetylate KLF2, and resulted in down-regulation of
TM protein. Transfection of ECs with HDAC-3 specific siRNAs eliminated HOS-induced
TM downregulation in ECs. In rat AVF model, intraperitoneal administration of the class
I-specific HDAC inhibitor valproic acid (VPA) into AVF rats inhibited the increased stenosis
at anastomosis sites.

Discussion : An important limitation of this study is the use of anesthetized animals to
obtain the hemodynamic data, which could have altered flow rates compared with
non-anesthetized animals. However, we previously demonstrated that the flow pattern in
our rat AVF model is similar to human AVFs.

Conclusions : Taken together, our findings demonstrate the HOS induces HDAC3 to
deacetylate KLF2 and repress TM and its contribution to stenosis in AVF failure.
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Adipose Stem Cell Sheet Transduced with Baculovirus
GDNF Expression Vector Enhance Sciatic Nerve Regeneration
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Introduction : Peripheral nerve regeneration is often suboptimal after nerve injury, with
poor functional recovery because peripheral nerve regeneration is slow and usually
incomplete. In this study, we developed a baculovirus-transduced, glial cell line-derived
neurotrophic factor (GDNF)-expressing adipose-derived stem cell sheet and then applied
this sheet to accelerate nerve regeneration.

Materials and Methods : ASCs were isolated from the adipose tissue of Sprague-Dawley
rats and seeded on 6 well then transduced with baculovirus GDNF Expression Vector to
create a transduced cell sheet. ASCs sheet were wrapped around sciatic nerve defect
(end-to-end repair) in Sprague-Dawley rats (group LEGW). The control groups were a
non-transduced cell sheet transplantation group (group Mock); direct repair without cell
sheet (group NC), nonoperative group (group Sham). Eight weeks after surgery, gait
analysis, electrophysiological recordings, gastrocnemius muscle wet weight, and
myelinated axon counts were measured to evaluate the repair of peripheral nerve defects.
Results : The gait analysis, nerve conduction velocity, compound muscle action potentials,
gastrocnemius muscle wet weight, and myelinated axon counts in the LEGW group were
significantly higher than in the other groups.

Discussion : Transwell migration assay demonstrated the GDNF transduced ASCs did not
directly differentiate into Schwann cell phenotype but facilitating the migration of Schwann
cells in vitro. The effects of GDNF transduced ASCs on migration and anti-inflammation in
nerve defect promote axon regeneration through trophic functions, acting on Schwann
cells, and promoting angiogenesis.

Conclusions : The combination of adipose-derived stem cell sheet and exogenous glial
cell line-derived neurotrophic factor exhibited a synergistic effect in promoting nerve
regeneration, and could provide an alternative cell therapy for nerve repair.
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Human Pluripotent Stem Cell (PSC)-Derived Mesenchymal Stem Cells (Mscs) Show
Potent Neurogenic Capacity Which is Enhanced with Cytoskeletal Rearrangement
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Introduction : Mesenchymal stem cells (MSCs) are multilineage somatic paraxial
mesodermal progenitors with potent immunomodulatory properties. Reports also indicate
that MSCs can undergo neural-like differentiation, which offers much hope for the use of
these versatile stem cells in neurodegenerative & ischemic diseases. However, MSCs are
generally isolated from primary organs and tissues, and can undergo replicative
senescence during in vitro expansion to reach the cell volumes needed for therapeutic use.
A new source of renewable MSCs can be derived from pluripotent stem cells (PSCs) such
as embryonic stem cells (ESCs) and induced pluripotent stem cells (iPSCs). These
PSC-derived MSCs (PSC-MSCs) can offer the ‘best-of-both-worlds’ scenario, by
differentiating PSCs to a somatic progenitor, which then abrogates teratoma formation—a
concern for all PSCs—while preserving the proliferative capacity of the parental PSCs.
Moreover, PSC-MSCs are an earlier developmental stage than any post-natal MSCs,
which may bring additional advantages in terms of broader differentiation capacity. We
therefore investigated the neuro-differentiation capacity of these MSCs

Materials and Methods : Real-time PCR and immunofluoresent staining were used to
detect the expression of NSC-related genes.

Results : We found that PSC-MSCs express higher levels of neural stem cell
(NSC)-related genes and transcription factors than bone marrow (BM) MSCs at baseline.
When cultured in standard neurogenic differentiation medium, PSC-MSCs express higher
levels of neural-stem cell (NSC)-related genes than BMMSCs. PSC-MSCs also readily
acquire a neurogenic phenotype when the cytoskeletal modulator RhoA kinase (ROCK) is
inhibited. Interestingly, when standard neurogenic differentiation medium is combined with
ROCK inhibition, PSC-MSCs undergo further neural lineage commitment, acquiring
characteristics of post-mitotic neurons. This is not only evidenced by elongation of
cytoplasmic and growth of dendrite-like processes, but also by nuclear condensation and
protein expression of nuclear NeuN as well as neuron-restricted markers including
B-11l-tubulin and Doublecortin.

Discussion : These findings also implicate the important role of the cytoskeleton in MSC
lineage commitment towards neurogenic cell types, as well as the influence of the
developmental stages of stem cells on differentiation capacity.

Conclusions : Our data demonstrates that PSC-MSCs have a potent capacity to undergo
neural differentiation.
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An Injectable, Self-Healing Hydrogel to Repair the Central Nervous System
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Introduction : Neurological disorders are diseases of the body nervous system. Very few
treatments can lead to complete recovery, especially for central nervous system disorders.
Stem cell-based therapies have emerged as treatment options for repairing neurological
disorders. However, transplantation of stem cells to the injured sites shows poor
engraftments. Smart hydrogels can serve as promising cell delivery vehicles for
therapeutic healing and tissue regeneration. Self-healing materials are a class of smart
materials that have drawn much attention, but the biomedical applications of self-healing
materials are rarely reported. Therefore, we sought to determine if cells combined with a
self-healing gel may offer therapeutic potentials for treating neurological disorders.
Materials and Methods : The self-healing chitosan-based hydrogel was prepared and
characterized by rheological measurement. Neural stem cells (NSCs) were then
encapsulated in the self-healing gel for 3 and 7 days. Cells encapsulated in alginate gel or
poly(ethyleneimine)-based self-healing gel of the same rigidity were used for comparison.
The cell-laden constructs were monitored and analyzed for cell viability, cell proliferation,
and neural differentiation tendency. They were then injected in zebrafish embryos for
assessment of neural repair capacities.

Results : NSC spheroids grew twice faster in self-healing hydrogel compared to
conventional alginate gel and had a greater tendency to differentiate into neuron-like cells.
In the zebrafish embryo neural injury model, injection of the chitosan-based self-healing
hydrogel could partially heal the neural development. Injection of the chitosan-based
self-healing hydrogel with NSC spheroids produced a remarkable healing effect on neural
development (~81% recovery). In contrast, the stiffer chitosan-based self-healing gel (4.2
kPa) or poly(ethyleneimine)-based self-healing gel (1.5 kPa) did not have any healing
function.

Discussion : NSC spheroids proliferated much faster in self-healing hydrogel, which may
be associated with the halo formation in self-healing gel. The amine groups on chitosan
backbone may interact with NSCs and further induce the neuronal differentiation. The
differentiation of NSCs may also be affected by substrate stiffness.

Conclusions : An injectable, self-healing hydrogel (stiffness ~1.5 kPa) was developed for
healing central nerve system deficits. Particularly, the chitosan-based self-healing hydrogel
encapsulating aggregated NSCs represents a promising strategy for rescuing the neural
functions.
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Synergistic protection of hypoxic-ischemic brain injury by endothelial and neural
lineage cells induced from adipose-derived stem cells
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Introduction : Neonatal hypoxic-ischemic (HI) injury disrupts the neurovascular
architecture and leads to life-long functional deficits. The devastating outcome can be
ameliorated by preserving the endothelial or neural structures, but the source of
therapeutic cells were limited. Adipose-derived stem cells (ASCs), an ideal autologous cell
source, showed high potential to differentiate toward various lineages. We aim to elucidate
the importance of microenvironmental induction for ASCs and evaluate the therapeutic
potential of ASC-differentiated cells in neonatal HI injured brain.

Materials and Methods : ASCs, isolated from liposuction aspirates, were differentiated into
endothelial lineage cells (ELCs) using combination of biochemical and mechanical
stimulations, or induced toward neuronal lineage cells (NLCs) by forming neurosphere on
chitosan-coated surface. After neonatal HI brain injury in SD rats, the differentiated cells
were transplanted via percutaneous injection and assess the outcome after 7 days of
therapy.

Results : As compared to ASCs, the ELCs possessed endothelial characteristics and
significantly reduced the infarction area after transplanted to the HI injured brain. The
transplanted ELCs can engraft to the brain vessels as well as promote the angiogenesis
through the neuropilin 1 (NRP1) and vascular endothelial growth factor receptor 2
(VEGFR2) signals via activation of Akt. We further interested to test the beneficial effect of
combine NLCs with ELCs (E+N) to protect both neural and endothelial network. The E+N
combination showed an even more significantly decrease of brain infarction and apoptotic
area than ELCs transplantation. By observing the neurovascular architectures, we found
the transplanted ELCs and NLCs can homing to the injured brain for specific vascular and
neural structures as well as the boost-up of endogenous angiogenesis and neurogenesis.
In addition, the combine treatment of E+N showed better recovery of memory for long-term
cognitive function. To reveal the cell-cell interactions between ELCs and NLCs, we used
Boyden chamber to assess the in vitro cell mobility and revealed an interesting synergetic
increase of transmigration when combining ELCs and NLCs under hypoxic
microenvironment. The interaction signal is involved with NRP1 signaling in ELCs and with
the C-X-C chemokine receptor 4 (CXCR4) and fibroblast growth factor receptor 1 (FGFR1)
signals in NLCs. Blockage of specific signals in either ELCs or NLCs diminished the
beneficial effects of cell migration, homing, and protection of neurovascular structures in
the E+N combined treatment.
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Conclusions : The microenvironmental cues provide induction factors for ASCs to

differentiate into endothelial and neural lineages. The synergistic effect of combine ELCs
and NLCs improved both structural and functional recovery for neonatal HI brain injury.
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Bone Marrow- Mesenchymal Stem Cell Derived Chondroprogenitor Scaffold for the
Treatment of Osteoarthritis
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Introduction : Osteoarthritis (OA) is a degenerative disorder of articular cartilage that limits
the mobility of patients and treatments to manage the disease remain symptomatic. Total
joint replacement remains the definitive treatment for end-stage OA.

In this study, we explore a new approach to treat OA by implanting in a porcine OA
model a chondroprogenitor cell scaffold derived from human bone marrow mensenchymal
stem cells (BM-MSCs).

Materials and Methods : To develop an OA model, porcine knee joints were subjected to
anterior cruciate ligament transection (ACLT). It took about 4 months to develop OA.

Following BM-MSC expansion, cells were seeded onto a collagen-based scaffold and
then underwent chondrogenic induction for 14 days prior to implantation.

OA animals were treated with the chondroprogenitor scaffold plus microfractures in one
of rear knees and microfractures alone in the contralateral knee. Histological and
histomorphometric evaluations were performed at 6 months after surgery.

The scaffold for chondrogenic induction of BM-MSC is a 2mm thick collagen-based
porous membrane with high pore interconnectivity and pore sizes varying between
200~300um.

1. Establishment of a porcine OA model

ACLT -induced OA model was utilized for the implantation study as the extent of the

cartilage damage was more consistent between animals and did not result in

subchondral bone remodeling.
2. Evaluation of the chondroprogenitor scaffold in the OA model

At 6 months post-implantation, newly generated tissues were observed at the site of

implantation with the cell scaffold. Histological examination of the generated tissue

revealed evidence of cartilage-like tissue with lacuna formation.
Discussion : This study shows that BM-MSC derived chondroprogenitor scaffolds can
generate new cartilage-like tissue in vivo and have the potential as a useful treatment
option for early osteoarthritis.
Conclusions : This study shows that BM-MSC derived chondroprogenitor scaffolds can
generate new cartilage tissue in vivo and have the potential as a useful treatment option
for osteoarthritis.
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Optimization of Porous Structure, Mechanical Strength and Cell Affinity of Novel
3D Printing Silica Bioceramics for Custom-made Bone Scaffold
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Introduction : The repair or replacement of injured or defective bone is a critical problem
for orthopedic surgeons. Recently, silica bioceramics have been widely used for bone
restoration and bone tissue engineering, but silica is insufficient to support the bone
structure. In this study, we add CaCOs; into slurry to enhance mechanical property by
laser-aided gelling (LAG) method on a self-developed 3D printer.

Materials and Methods : The principal materials used in this study were SiO, powder. The
SiO; sol and SiO; powder were mixed at a 20/80 ratio (w/w) to produce a SiO; slurry,
termed CS0. CaCO3; was another powder additive that served as a filler substance and
solid content after sintering. CaCO3; powder was added separately to the SiO; slurry at
weight ratios of 5% and 9%, termed CS5 and CS9, respectively. In order to assess the
scaffold feasibility by compressive test, SEM, XRD and MTT assay.

Results : At 1300°C, the compressive strength of CS5 was obviously improved. The
highest compressive strength is 47 MPa, which represents a 30% improvement over CSO
and CS9. Because B-CaSiO; crystals are observed on the CS5 surface and the
needle-like crystals have a lattice structure and can resist stress rupture, resulting in a
significant improvement in compressive strength.

Discussion : The optimal material is CS5 which has not cytotoxicity by in vitro test, and the
mechanical property is 47.5 Mpa. The optimal material prescription and heat treatment
temperature were used to produce an inter-porous bioceramic model for use in bone
scaffolds. The inter-porous bioceramic scaffold model, designed using the Solidworks
software, has dimensions of @ 15x6.5 mm, a pore size of 0.8x0.8 mm and a pore distance
of 0.8 mm.

Conclusions : The LAG method and a home-made 3DP machine were used to produce
bioceramic bone scaffold. The maximum compressive strength of CS5 was 47 MPa and
the porosity was increased to 34%. The optimum CS5 scaffold shows no cytotoxicity and
good bone cell attachment and growth. The inter-porous silica bioceramic scaffolds with a
pore size of 0.8 mm has been successfully fabricated.
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Non-Regenerative Hind Limb Ischemia Model on Diabetic Mice
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Introduction : Hind limb ischemia is a disease mainly caused by the peripheral arterial
disease (PAD), thromboangiitis obliterans and arterial injury. However, the existent
murine animal models for evaluation of therapeutic effect have a problem with
spontaneously vessel regeneration. The therapeutic effect can’t be distinguished
medical effect from the vessel regeneration. In our research, we modified and
established a hind ischemia mice model to imitate the real ischemic condition.

Materials and Methods : We used C57BL/6 strain male mice age 2~10 months to
exclude the confounding effects and ensure the fully developed vascular system.
Operating the severe surgery on mice hind limb which ligate and remove the backside
vessels such as femoral artery, collateral arteries and so on. Using the table of physical
score and laser Doppler-based perfusion measurements to evaluate tissue necrosis
level and vascular response.

Results : In this research, we observed that limb blood vessel regeneration occur at
young age (2~6 months) limb ischemic mice or the mice performed a general hind limb
ischemia surgery. In addition, hind limb ischemia recovery process in non-diabetic
condition is better than diabetic condition. These result was different from most limb
ischemia animal model.

Discussion : C57BL/6 mice are known to recover quickly from ischemia, so it must be
perform the severe surgery to avoid vessel regeneration. Moreover, the result showed
that old aged and diabetic mice have worse recovery which is consistent with the actual
situation of limb ischemic patients.

Conclusions : Our modified hind limb ischemia model could rational imitate the limb
ischemia situation and have the potency to be used as a therapeutic angiogenesis
research platform.
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Investigation of Overrun- Processed Porous Hyaluronic Acid Carriers in Corneal
Endothelial Tissue Engineering
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Introduction : Given that bioengineered corneal endothelial cell (CEC) sheet grafts are
fragile, it is necessary to provide supporting structure during surgical handling and tissue
reconstruction. Hyaluronic acid (HA) is a well-known ophthalmic biomaterial. For the first
time, this study reports development of overrun-processed porous HA hydrogels for
CEC sheet transplantation applications.

Materials and Methods : The hydrogel carriers were characterized to examine their
structures and functions. Evaluations of air-dried and freeze-dried HA samples were
conducted simultaneously for comparison.

Results : Among all the groups studied, the overrun-processed porous HA carriers show
the greatest biological stability, the highest freezable water content and glucose
permeability, and the minimized adverse effects on ionic pump function of rabbit CECs.
Clinical observations showed that the cell-biopolymer constructs can regenerate corneal
endothelium and restore tissue transparency at 4 weeks postoperatively.

Discussion : Clinically, the loss of CECs causes corneal opacity and failure and
eventually leads to serious vision problems. Here, we propose the use of
overrun-processed and freeze-dried HA hydrogels as cell sheet carriers in corneal
endothelial tissue engineering. During the fabrication of biopolymer carriers, an
additional nitrogen gas injection in HA solutions is beneficial to enlarge the pore
structure and prevent dense surface skin formation. Thus, after intraocular delivery of
cell-biopolymer constructs, the corneal edema is greatly reduced, suggesting the
therapeutic efficacy of bioengineered cell sheets.

Conclusions : Cell sheet tissue engineering using overrun-processed porous HA
hydrogels offers a new way to reconstruct the posterior corneal surface and improve
endothelial tissue function.
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