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Mapping Melanocyte Stem Cell Activities During Feather Pigment Pattern Formation

Sung-Jan Lin, MD. PhD.
Institute of Biomedical Engineering/Department of Dermatology,
National Taiwan University, Taipei, Taiwan

The diversity of feather pigment patterns has amazed many, but the identity of feather
melanocyte stem cell (McSC) and the mechanisms regulating pigment patterns have been
unveiled little. We show that McSCs are arranged as a ring around the proximal collar
bulge epithelium, continuously sending out progeny distally to paint the differentiating
keratinocytes in growing stage. In resting stage, this circular niche descends to the lowest
tips of papilla ectoderm and McSCs become quiescent. The unique cylindrical plane
formed by McSCs and their progeny yields new dimensions of regulatory possibilities that
are constrained by the highly localized McSC niche topology in mammalian hair follicles.
For pigment switch, all whites observed in various pigment patterns are not equal. They
are created by several basic cellular mechanisms including McSC removal, suppressed
melanocyte emigration or inhibited differentiation. Variation in temporal and spatial
employment of these cellular mechanisms helps to create pigment patterns. We also found
an unexpected role of feather mesenchymal pulp cells in regulating pigment patterns by
inhibiting melanocyte differentiation through patterned expression of agouti signaling
protein. Feather pulp cells are also able to respond to physiological changes, such as
sexual maturity, to change pigment patterns in regenerating feathers through varying
temporal and spatial agouti expression patterns. Hence, the complex feather pigment
patterning on the cylindrical epithelial canvas is achieved by multiple-dimensional
co-option of basic cellular mechanisms during evolution.
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Endothelial Progenitor Cell and Cardiovascular Disease —
A Marker for Vessel Health

Po-Hsun Huang, MD, PhD
Associate Professor
Institute of Clinical Medicine, National Yang-Ming University, Taipei, Taiwan;
Division of Cardiology, Taipei Veterans General Hospital, Taipei, Taiwan.

Atherosclerosis is a systemic inflammatory disease of arterial wall and initiated by
endothelial damage. The integrity and functional activity of endothelial monolayer play an
important role in atherogenesis. The extent of endothelial injury may represent a balance
between the magnitude of injury and the capacity for repair. Traditional view suggested
endothelium integrity is maintained by neighboring mature endothelial cells which migrate
and proliferate to restore the injured endothelial cells. However, a series of clinical and
basic studies prompted by the discovery of bone marrow-derived endothelial progenitor
cells (EPCs) have demonstrated that the injured endothelial monolayer may be
regenerated partly by circulating EPCs. These circulating EPCs are mobilized
endogenously triggered by tissue ischemia or exogenously by cytokine stimulation. Clinical
studies demonstrated that levels of circulating EPCs are associated with vascular
endothelial function and cardiovascular risk factors, and help to identify patients at
increased cardiovascular risk. Reduced levels of circulating EPCs independently predict
atherosclerotic disease progression and development of cardiovascular events. There are
several ways to increase levels of circulating EPCs and improve their function by
pharmacological strategies and lifestyle modification. Enhancement of the regenerative
capacity of the injured endothelium seems one way to reduce the incidence of
atherosclerotic lesions. Therefore, a better understanding of the relation between EPCs
and atherosclerosis would provide additional insight into the pathogenesis of
cardiovascular disease and create novel therapeutic strategies.
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Human Experienced Medicine Based Regenerative Drug Discovery:
Anti-aging Herbs to Panacea, Fact or Fiction ?

FER WEFLY e APEEFT N REBP A E
Rong-Tsun Wu, Research Center for Drug Discovery,
Institute of Biopharmaceutical Sciences, National Yang-Ming University

There are many traditional and anecdotal claims to the therapeutic properties of
ethnobotanical drugs. The prevalence of age-related pathologies, such as cardiovascular
disease, neurodegenerative disease and diabetes type Il, has increased dramatically with
the rising average age of populations. Regenerative medicine aims to develop new
therapies through the stimulation of natural regenerative processes in human beings. Our
body endogenously produce many factors gives rise to autocrine and/or paracrine
signaling in different organs particularly during hypoxia, inflammatory and injury conditions
for tissue or organ regeneration. Here, we address the function of nerve growth factor
(NGF) in neuronal cells and erythropoietin (EPO) in non-hematopoietic cells as the
regenerative factors for age-related diseases, and highlight the endogenous NGF or EPO
inducers from human experienced medicine will provide important clues to develop drugs
for age-related diseases.

We found that NGF enhanced mitochondrial biogenesis through activating PGC-1a in
PC12 neuronal and astrocytes cells, and NGF treatment could reduce Huntington
aggregates through autophagy induction in a cellular Huntington model. We furtherly found
a famous anti-aging Chinese herb Ganoderma lucidum (GalLu) as an astrocytic NGF
inducer, both the extract and its active constituents had potent effects. After the
mitochondrial toxin 3-nitropropionic acid (3-NP) induced behavioural impairment and
striatal degeneration, GalLu treatment therapeutically restored the behaviour score,
sensorimotor ability and neuronal loss in this HD mouse model. We also found that striatal
NGF, PGC-1a mRNA expression and succinate dehydrogenase activity were recovered in
the GalLu-fed HD mice. Our data suggest that the modulation of endogenous NGF
signalling may offer an effective approach for neuroregeneration in mitochondrial-related
diseases, such as Huntington’s disease, ischemia, Alzheimer’s disease and Parkinson’s
disease.

We also demonstrated that a small molecule inducer of EPO isolated from P.
multiflorum Thunb, EH-201, activated EPO-mediated mitochondrial function and
hemoglobin expression in C2C12 myocytes, kidney slices, and hepatocytes. EH-201
robustly enhanced the endurance performance activity during hypoxia stress in both
healthy and doxorubicin-induced cardiomyopathic mice with increasing myocardial
hemoglobin expression and mitochondrial biogenesis, and resulting improvement of
cardiac damages. EH-201 also ameliorated the anemia and renal failure in
cisplatin-induced nephropathic mice. Thus, the enhancement and recovery of cellular
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oxygenation through stimulating mitochondrial activity and hemoglobin production in
non-hematopoietic cells by an endogenous EPO inducer might serve as a potential
therapeutic strategy for age-related diseases as dry eye, chronic heart failure, aging
related neurodegenerative diseases, age-related macular degeneration, chronic obstrutive
pulmonary disease, chronic kidney disease, and anemic cancer patients undergoing
chemotherapy. We shed light the active ingredient EH-201 from anti-aging herb to
panacea for age-related diseases is a fact, not fiction.
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Induction of Cells Into Senescence by PTTG1 and its Implication in Tumorigenesis

Jing-Jer Lin
Institute of Biochemistry and Molecular Biology,
National Taiwan University College of Medicine, Taipei, Taiwan

Abstract

Under normal culture conditions, normal diploid fibroblasts undergo a limited number
of cell divisions and then cease proliferation. It is well documented that cellular
senescence is caused by attrition of telomeres after repeated cycles of cell divisions. The
mechanism of how senescence is induced is less clear. | will discuss several of our
attempts to understand the mechanism of senescence. Among these attempts, | will focus
on pituitary tumor transforming gene (PTTG1, securin) to discuss its role in senescence.
PTTG1 is involved in cell-cycle control through inhibition of sister-chromatid separation.
Elevated levels of PTTG1 were found to be associated with many different tumor types
that might be involved in late stage tumor progression. We found expressing PTTG1 in
normal human fibroblasts inhibited cell proliferation. Several senescence-associated (SA)
phenotypes including increased SA- -galactosidase activities, decreased BrdU
incorporations, and increased SA-heterochromatin foci formation were also observed in
PTTG1-expressing cells, indicating that PTTG1 overexpression induced a senescent
phenotype in normal cells. Significantly, the PTTG7-induced senescence is p53-dependent
and telomerase-independent, which is distinctively different from that of replicative
senescence. We also provide evidence that PTTG7-overexpression caused chromosome
instability, which subsequently induced p53-dependent senescence through activation of
DNA-damage response pathway. The role of PTTG1 in initiating tumorigenesis will also be
discussed.



2014 2R LA FEFEHIFHETEGR
2014/02/22

11:30-12:10
-5

Telomerase Activation in Telomere Replication

Shu-Chun Teng
Department of Microbiology, College of Medicine, National Taiwan University

Telomeres are dynamic DNA-protein complexes that protect the ends of linear
chromosomes. Most telomeric DNA is synthesized by the enzyme telomerase. While most
somatic cells do not express telomerase and therefore have limited life span, cancer cells
can bypass the crisis mainly through telomerase reactivation.

The Kruppel-like transcription factor 4 (KLF4) has been implicated in cancer formation
and stem cell regulation. However, the function of KLF4 in tumorigenesis and stem cell
regulation are poorly understood due to limited knowledge of its targets in these cells. We
have revealed a surprising link between KLF4 and regulation of telomerase, which offers
important insight into how KLF4 contributes to cancer formation and stem cell regulation.
KLF4 directly activate expression of the human telomerase catalytic subunit, hTERT. Our
findings demonstrate that hTERT is one of the major targets of KLF4 in cancer and stem
cells to maintain long-term proliferation potential.

Moreover, we demonstrated that telomerase is mainly activated by Cdk1/Tel1/Mec1
on telomeric binding protein Cdc13 from late S to G2 phase of the cell cycle. Cdk1
phosphorylates residues 308 and 336 of Cdc13. The residue T308 of Cdc13 is critical for
efficient Mec1-mediated S306 phosphorylation. Phenotypic analysis in vivo revealed that
the mutations in the Cdc13 S/TP motifs phosphorylated by Cdk1/Mec1/Tel1 caused cell
cycle delay and telomere shortening and these phenotypes could be partially restored by
the replacement with a negative charge residue. Furthermore, the Cdk1-mediated
phosphorylation was required to promote the regular turnover of Cdc13. Hypernegatively
charged domain of Cdc13 contributed by Cdk1, Tel1 and Mec1 may provide an optimal
interface to recruit the potential positively charged domain near the amino acid 444 lysine
residue of Est1 in the telomerase complex. Together these results demonstrate that
Cdk1/Mec1/Tel1 phosphorylate the telomerase recruitment domain of Cdc13, thereby
preserves optimal function and expression level of Cdc13 for precise telomere replication
and cell cycle progression.

-10-
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Visible Light in Regenerative Medicine

Hsin-Su Yu, M.D., Ph.D.
Department of Dermatology, Kaohsiung Medical University

Phototherapy plays important therapeutic role in different medical fields including
regenerative medicine. In 2003, we proposed and demonstrated that low-energy
Helium-Neon (He-Ne) laser emitting light at 632.8 nm (red light) induces repigmentation of
vitiligo in clinical practice. Mechanistically, we elucidated that He-Ne laser initiates
mitochondrial retrograde signaling via a Ca®"-dependent cascade, leading to activation of
peroxisome proliferators-activated receptor y coactivator-1a (PGC-1a), the master
regulator for mitochondrial biogenesis and antioxidant enzyme production, and ultimately
resulting in melanoblast cell differentiation. These studies provide clinical and scientific
evidences indicating that visible light is useful in the field of regenerative medicine.

Another clinical application of visible light is to reduce sun-associated aging by

decreasing metalloproteinase-1 (MMP-1) expression in the dermis. It is known that
UVA-associated skin aging is mediated by increased MMP-1 expression via reactive
oxygen species formation. Very recently, we demonstrated that pretreating dermal
fibroblasts with visible light at 590 nm attenuated the UVA-induced expressions of ROS
and MMP-1. The increased expression of PGC-1a again played a crucial role in this
process by upregulating the expression of antioxidant enzymes.
In summary, visible light phototherapy have important clinical applications in the
regenerative medicine since visible light enhances mitochondrial biogenesis and reduces
oxidative stress via regulating mitochondria-associated signaling events. With clarification
of mechanisms involved, it is foreseeable that visible light therapy will gain more
importance in the field of regenerative medicine in the near future.

-11-
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Molecular Weight of Hyaluronan Alters its Potential of Chondrogenic Effect on
Adipose Derived Stem Cells
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Introduction: Guiding stem cells differentiate into chondrogenic lineage is important for adipose
derived stem cells based articular cartilage tissue engineering. Appropriate cell-niche interaction
may used for promoting chondrogenic differentiation of stem cells. Our previous finding indicates
that hyaluronan(HA)-microenvironment initiates chondrogenesis of adipose derived stem cells
(ADSCs). However, different molecular weight (M.W.) of HA on the chondrogenic differentiation
of ADSC:s is still undefined. This study was to search the appropriate molecular weight of HA for
an optimal effect on initiating and enhancing chondrogenesis in ADSCs.

Materials and Methods: ADSCs were isolated from the adipose tissue of New Zealand white
rabbit. Osteogenesis, chondrogenesis, and adipogenesis were induced to characterize the
multilineage potential of the ADSCs. To investigate the effect of chondrogenic potentials of
different M.W. of HAs, the solutions of HA (The M.W. of HA are 8000, 0.6 million, and 2 million)
were coated on culture well before cell seeded on wells. Twenty four hour after ADSCs seeded on
HA-coated well, cell aggregation of ADSCs were observed. The cartilage nodule formation and
Sulfated glycosaminoglycan (sGAG) synthesis of ADSCs was determined by Alcian blue staining
and gunadine-HCl extraction method 5days after cell seeded. For in vivo study, ADSCs mixed
with HA (M.W. : 2 million) were encapsulated in fibrin hydrogel (ADSC/HA) and then implanted
into the articular cavity of knee of rabbits.

Results: The ADSCs can be induced into osteogenesis, chondrogenesis and adipogenesis,
indicating the ADSCs possess multilineage potential. 24 hours after ADSCs seeded on HA-coated
wells, cell aggregations were induced by HA with molecular weights of 8000, 0.6 million and 2
million Da. The 2 million Da HA treated group showed optimal effect on cell aggregation. More
pronounced cartilage nodule formations and sGAG depositions were also found in 2 million Da
HA treated groups. The in vivo study showed that the construct of ADSC/HA of 2 million M.W.
promoted neo-cartilage formation in joint cavity.

Discussion: Two million M.W. of HA showed the optimal effect on promoting chondrogenesis. In
vivo study also showed that within the articular cavity environment, the ADSCs encapsulated in
HA-enriched fibrin gel were capable of forming neo-cartilage in vivo.

-17-
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Conclusions: Based on these findings, we suggest that 2 million M.W. of HA provides better
cell-niche interaction that may be an alternative choice for directing chondrogenic differentiation
of ADSCs in ADSC based articular cartilage tissue engineering.

-18-
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Using non-proteinous Drugs As Bio-factors to Enhance Chondrogenesis of hADSCs in
HA-enriched Microenvironment for Tissue Engineering
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Introduction : The aim of this study is to search a combination use of hyaluronic acid and
small-molecule drugs to enhance chondrogenic differentiation of hADSCs for articular cartilage
tissue engineering. In this project, we found the optimal effective timing and concentration of
Alendronate (Aln) and Simvastatin (Sim) for enhancing hADSCs chondrogenesis both in 2-D and
3-D culture in vitro. The ongoing work is to test the chondrogenic effect of Sim, carried by a
short-term controlled release drug carrier, in combination with HA-based hydrogel on human
ADSC:s in vivo.

Materials and Methods : Human adipose derived stem cells (hADSCs) were isolated from patients'
adipose tissue undergoing surgery with informed consent. Isolated hADSCs were cultured in
HA-coated or non-coated plates treated with various doses of drug A or B. In three-dimensional
culture, hADSCs were seeded in HA/Fibrin hydrogel and treated with drug B. The fresh medium
was changed every two days. The chondrogenic genes expression were measured by q-PCR,
including Sox-9, Aggrecan and Col II. The sulfated glucosaminoglycan (sGAG) formation was
examined by dimethylmethylene blue (DMMB) assay and alcian blue staining. The type II collagen
expression was measured by ELISA. Statistical analyses were performed using Student’s t -test,
with p values below 0.05 being considered significant.

Results : In this project, we have investigated: 1) The chondro-differnentiation effects of Aln and
Sim were investigated under the HA-enriched micro-environment. The cell aggregation was
pronounced in drugs treated, HA-coated group. The extracellular matrix, including sGAG and type
IT collagenwere elevated in Sim-treated groups. 2) The chondrogenic genes expression, including
Sox-9, type II collagen and aggrecan were enhanced in Aln or Sim treated hADSCs in HA-enriched
micro-environment. 3) Sim was encapsulated in PLGA microsphere and measured the releasing
profile for two weeks. The SEM pictures showed the slow-degradation of microspheres and the
HPLC analysis showed the drug was released with time in the effective dose range. 4) The matrix
formation was measured by DMMB assay and showed the HA/Fibrin/hADSCs/Sim-carrier groups
presented higher sGAG level than control group.

-19-



2014 2R LA FEFEHIFHETEGR
2014/02/22

Discussion : Construction of a 3D biomaterial with autologous adult stem cells to regenerate
defected articular cartilage may become a viable clinical option. In this study, we first examined
HA can be a enhancing factor for ADSCs to differentiate during chondrogenesis by using
HA-coated wells or hydrogel, and demonstrated that the Sim supplied in a HA-enriched
microenvironment further enhanced cell chondrogenic differentiation.

Conclusions : In this proposed project we demonstrated the effect of statin and bisphosphonate for
ADSCs chondrogenesis in vitro in a 2-D and 3-D culture with HA-based hydrogel. Our results
emphasize that these non-protein drugs enhaced hADSCs chondrogenesis capacity a HA-enriched
microenvironment. It may be applied for more effective articular cartilage tissue engineering.

-20-
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Preparation and Investigation of Hyaluronic Acid-Based Hydrogel Containing Gelatin
Particles for Cartilage Tissue Engineering
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Introduction : In recent years, the cartilage injury repair has been a popular topic in
regenerative medicine. The cartilage has limited self-repair capacity due to lack of
nerves and blood vessels in the articular cartilage. So far, some treatment surgery have
been developed in clinic; however, some limitations still exist such as fibrocarilage
formation. Until the tissue engineering is well developed, cartilage repair will reach to a
higher level. To date, the most suitable bioscaffold for chondrocytes in the cartilage
repair is still not finding. In this study, we have developed the hyaluronic acid-based
hydrogel and incorporated it with gelatin particles to evaluate the possibility as the
bioscaffold for cartilage tissue engineering. We expected the bioscaffold not only mimic
ECM functions, but also have the ability to promote chondrocytes proliferation and
maintain the phenotype.

Materials and Methods : In this study, the oxidized hyaluronic acid with aldehyde
functional groups prepared by sodium periodate was crosslinked by adipic acid
dihydrazide (ADH) to form hydrogel. The gelatin was modified by glutaraldehyde and
proanthocyanidins crosslink agents to form gelatin particles. Then we incorporated
hydrogel and particles as the bioscaffold. To investigate the characterization of
bioscaffold, the IR - SEM - EDS - degradation time and biocompatibility test were
evaluated.

Results : The results shown the gelatin particles had uniform pore size about 80-150 ym
and the crosslinking index remained above 90%.The hydrogel containing gelatin
particles through WST-1, LDH and Live&Dead analysis are non-cytotoxicity ; also has
good biocompatibility.

Discussion and Conclusions : In this study, we prepared hyaluronic acid-based
hydrogel containing gelatin particles as chondrocytes bioscaffold. The oxidized
hyaluronic acid /ADH crosslinked hydrogel can be prepared in a liquid form at room
temperature and easily mixed with gelatin particles and chondrocytes. These preliminary
data indicate that the hydrogel and gelatin particles have good biocompatibility, and may
have potential uses in cartilage tissue engineering applications.

-21-
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3D Printing from Green and Sustainable Nanoelastomers for Tissue Engineering
Applications
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Introduction : Three-dimensional (3D) printing is a rapid prototyping and fabrication
technology. Scaffolds can be fabricated by 3D printing method. However, the toxic
photo-initiator, heat or toxic organic solvents would be used. Biodegradable polymers
such as polylactide and polyglycolide have been used to make scaffolds. Nevertheless,
these materials are in lack of the proper elasticity that matches to that of living tissue. In
this study, a novel biodegradable waterborne PU was synthesized in the form of
nanoparticles (NPs). We then employed a 3D printing strategy to fabricate elastic
scaffolds from the water dispersion of PU. We attempted to establish a green and
sustainable 3D printing platform to derive non-toxic and highly elastic scaffolds for
customized tissue engineering applications.

Materials and Methods : The biodegradable PU elastomers were synthesized from a
water-based process. The soft segment was two oligodiols, 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 NPs dispersion and polyethylene oxide (PEO).
The rheologic properties of PU/PEO solutions were determined by rheometer. The
mechanical properties and degradation rate of scaffold were evaluated. The scaffolds
were seeded with chondrocytes for evaluation of their potential as cartilage scaffold.
Results : A 3D scaffold was successfully fabricated by 3D printing process from the
dispersion of PU NPs. The elastic recovery of PU scaffolds was significantly better than
that of polylactic-co-glycolic acid (PLGA) scaffolds made from the solution in organic
solvent. The compressive modulus was close to that of native cartilage. The seeding
efficiency, proliferation, and matrix production of chondrocytes in PU scaffolds after 7
and 14 days were superior to those in PLGA scaffolds.

Discussion : Elastic biodegradable scaffolds were fabricated by 3D printing. Not any
toxic organic solvent, crosslinker, or initiator was used. The environment-friendly process
generated a highly elastic, force-transducing scaffold with good affinity to cells.
Conclusions : The green and sustainable 3D printing platform offers a useful way to
fabricate biodegradable/elastic scaffolds for tissue engineering applications.
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Nerve Conduit Using MRI
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Introduction : Magnetic resonance imaging (MRI) has been proven to be effective in
tracking magnetic-labeled cells and evaluating their clinical relevance after cell
transplantation. Our previous study has shown that nanoparticles (NPs) and genes can
be delivered to mesenchymal stem cells (MSCs) during spheroid formation on
chitosan-based substrates. The current study focused on tracking the Fe;O4 NP-labeled
MSCs within a peripheral nerve conduit implanted in a rat sciatic nerve gap using MRI.
Materials and Methods : MSCs were labeled with FesO4 NPs and transfected with
brain-derived neurotrophic factor (BDNF) gene by increased endocytosis during spheroid
formation. Rat sciatic nerve was transected to create 10 mm gap, where a polylactide
conduit was implanted to bridge the nerve. The Fe3O4 NPs-labeled MSC single cells or
spheroids (with or without BDNF transfection) were injected in the conduit. The
transplanted MSCs were tracked by MRI in vivo at 3, 10, 21, and 31 days. Prussian blue
staining and histological analysis were performed after 31 days of implantation.

Results : Fe304, NP-labeled MSCs were successfully visualized by MRI, especially for
both groups of MSC spheroids. Based on MR images, Fe3O4 NP-labeled MSC spheroids
or BDNF-transfected MSC spheroids were more centrally located in the mid-portion of the
conduit after 3 days. The dark signals in both of these groups then extended and
spanned both ends at 10, 21, and 31 days. On the other hand, Fe;O4 NP-labeled MSC
single cells were randomly spread in the conduit after 3 days and at 10 days, they were
clearly observed at the proximal and distal portions of the injured nerve. No obvious dark
signals were observed inside the conduit after 21 and 31 days. Animals receiving the
conduits and BDNF-transfected spheroids had the shortest nerve connection time (< 21
days).

Discussion : Very early formation of fibrin cable (~ 10 days) and recruitment of MSCs
along the cable were visualized for the sciatic nerve gap receiving MSC spheroids in a
conduit. The gene modulation associated with neural development, neurotrophic factor,
and chemokine receptor expressions may account for the observation. High-resolution
MRI tracking of Fe3O4 NP-labeled cells offers useful information regarding how MSCs
migrate during peripheral nerve regeneration.

Conclusions: The migration and distribution of the Fe;O4 NP-labeled MSCs in the injured
peripheral nerve could be monitored by MRI. The substrate-mediated gene delivery and
NP labeling may provide extra values for MSC spheroids to carry therapeutic/diagnostic
agents in cell-based therapy
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Enhancement of Renal Epithelial Cell Functions through
Microfluidic-based Coculture with Adipose-derived Stem Cells
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Introduction : Current hemodialysis has functional limitations and is insufficient for renal
transplantation. The bioartificial tubule device has been developed to contribute to
metabolic functions by implanting renal epithelial cells into hollow tubes and showed
higher survival rate in acute kidney injury patients. The current study developed a
microfluidic coculture platform to enhance epithelial cell function in bioartificial
microenvironments with multiple microfluidics channels that are microfabricated by
polydimethylsiloxane.

Materials and Methods : The adipose-derived stem cells (ASCs) were harvested from
abdominal fat pad in S-D rats (8 weeks old). The coculture system was manufactured by
BioMEMS technologies. The coculture platform was designed with the schematic of
epithelial monolayer of Madin—Darby canine kidney (MDCK) cells to interact with ASCs
embedded in 3D Collagen gel (CG). In comparison to coculture different cells using
commercial transwell system, the current coculture device allowed living cell monitoring
of both MDCK epithelial monolayer and CG-ASC in 3D microenvironment.

Results : By coculture with CG-ASC, the cell height was increased with columnar shapes
in MDCK. Promotion of cilia formation and functional expression of ion transport protein in
MDCK were also observed in the cocultured microfluidic device. When applying fluid flow,
the intracellular protein dynamics can be monitored in current platform by using the
time-lapse confocal microscopy and transfection of GFP-tubulin plasmid in MDCK.
Discussion : Since we only applied fluid flow rate at 0.025 mL/min in single microfluidic
device and at least in the order of 10° flow rates should increase to provide sufficient fluid
exchange if willing to connect current device with dialysis machine, the collection of fluid
from multiple units of current microfluidic design is necessary for future hemodialysis. By
distributive multiple branching of the microfluidic channels, the amplification of the
coculture units to “array-like” chip could be achieved and allowed to inject/collect fluid
simultaneously.
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Conclusion : The schematic diagram of the current microfluidic device provides ASCs
embedded in collagen gel and directly interacts with MDCKs. The cup-like peripheral
channel allows the MDCKs to have a large interface with the central channel that
contains CG-ASC. Coculturing with GC-ASC enhanced cilia formation and renal epithelial
functions in MDCKSs. The current coculture platform can apply shear stress on epithelial
cells and allow fluid exchange. These advantages may provide beneficial innovations for
developing renal chips in the future.
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Cultivated Dermal Fibroblast Spheroids for Corneal Stromal Tissue Reconstruction
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Introduction: Currently, penetrating keratoplasty is the most common form of treatment for
corneal dysfunction. However, the method involving allogeneic transplantation is limited by
increasing shortage of donor cornea. In the study, we report the cultivation of dermal
fibroblast spheroids for corneal stromal tissue reconstruction.

Materials and Methods : After plating of rabbit dermal fibroblasts (RDFs) on the hyaluronic
acid (HA) coatings for 1-8 h, cell adhesion was carried out by scanning electron
microscopy and immunocytochemistry. Then, the growth of multicellular spheroid
aggregates was checked. To evaluate its extracellular matrix production capacity, the
cultivated cell spheroid was studied by biochemical examinations. For in vivo experiments,
the RDF spheroid aggregates were implanted in a rabbit model of bacterial keratitis.
Postoperative outcomes were evaluated by means of clinical observations.

Results : The RDFs on HA coatings exhibited poor adhesion and tended to aggregate to
form spheres. When compared to their counterparts in the form of dissociated cell
suspensions, the RDF spheroids possessed better biosynthetic capacity. The injection of
multicellular spheroid aggregates into the stromal defect could improve corneal clarity and
function, indicating good tissue repair ability of these cell grafts.

Discussion : In clinical medicine, corneal stromal cells are not readily accessible, and it is
difficult to obtain sufficient number of cells from patients. Therefore, an alternative strategy
for corneal stromal reconstruction should be established to meet the increasing medical
service needs. Here, we demonstrate the feasibility of cultivating dermal fibroblast
spheroids on biomaterial coatings and transplanting these cell grafts to treat corneal
wound.

Conclusions : Cultivated RDF spheroids may have potential for use in corneal stromal

tissue reconstruction.
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Influence of Matrix Nanostructure on the Functionality of Carbodiimide
Cross-Linked Amniotic Membranes as Limbal Epithelial Cell Scaffolds

BRE b
EAAEA B Fa ety

Introduction : Given that the collagen fibers constitute the architectural framework of
amniotic membrane (AM), the nanoscale change in fibrous structure may induce
substantial alteration of chemically modified biological tissues. It motivates us to study the
relationship between nanostructure and functionality of carbodiimide cross-linked AM
matrices as a limbal epithelial cell (LEC) scaffold biomaterials.

Materials and Methods : After cross-linking with carbodiimide for 1-4 h, the AM matrices
were characterized by protein conformation, tissue ultrastructure, and substrate
nanotopography. Samples with varying nanofibrous structures were evaluated by
determinations of light transmittance, degradability, biocompatibility, anti-inflammatory
activity, cell proliferation, and stemness gene expression.

Results : Our data indicated that the unraveling of the helical structure into a more
random globular state is accompanied by an increase in the cross-linking index of AM
samples. The biological tissue materials cross-linked with carbodiimide for longer time
possessed large nanofiber diameter and exhibited rough texture. In addition, the
enhanced LEC growth and increased p63 and ABCG2 gene expressions were
significantly noted on the AM samples with greater cross-linking degree.

Discussion : Carbodiimide cross-linked AM can potentially serve as an artificial corneal
epithelial stem cell niche in ocular surface wound healing. Marked increases in the water
content, light transmittance, and resistance to enzymatic degradation were found,
probably due to collagen fibril aggregation in biological tissues. All the test AM materials
were not toxic to the human corneal epithelial cell cultures and retained anti-inflammatory
activity, indicating the safety of carbodiimide.

Conclusions : The findings suggest that a specific limbal epithelial stem cell-biomaterial
interaction may occur in response to biophysical cue such as nanostructure of
carbodiimide cross-linked AM matrix.
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Functional recoveries of sciatic nerve regeneration by combining chitosan-coated
conduit and neurosphere cells induced from adipose-derived stem cells
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Introduction : Regeneration of peripheral nerve occurs but the results are suboptimal,
especially when the nerve gap is encountered. Current advances in biomaterial and tissue
engineering have been developed to bridge the gap with various biosynthetic conduits or
cell-based therapy. In this study, we use combination of chitosan coated conduit with
induced neural progenitor cell from human adipose stem cell to facilitate rat sciatic nerve
regeneration.

Materials and Methods : The human ASC from healthy donors are obtained with
informed consent and approved according to the procedures of the institutional review
board. P3 ASCs are seeded onto chitosan coated surface to form free floating
neurospheres spontaneously for 2 days. We use 200~250 g S-D rat to develop the model
of sciatic nerve transection with 1-cm critical nerve gap, which are randomly assigned to
five groups: Group1-sham operation(Sham); Group2-silicon neural tube(S); Group3-silicon
neural tube seeded with chitosan(C); Group4-silicon tube plus induced NPCs(S+N);
Group5-chitosan tube plus induced NPCs(C+N). The dynamic gait analysis is evaluated at
1, 3 and 6 weeks after surgery. The rat is sacrificed at 6 weeks after surgery for evaluation
of the regenerated nerve and muscle using immunohistochemic staining.

Results : By using a single treatment of chitosan-coated conduit or neurosphere cell
therapy, the nerve gap was partially recovered after 6 weeks of surgery. Substantial
improvements in nerve regeneration were achieved by combining neurosphere cells and
chitosan-coated conduit based on the increase of myelinated axons density and myelin
thickness, gastrocnemius muscle weight and muscle fiber diameter, and step and stride
lengths from gait analysis. High expressions of interleukin-13 and leukotriene B4 receptor
1 in the intra-neural scarring caused by using silicone conduits revealed that the
inflammatory mechanism could be inhibited when the conduit is coated with chitosan.
Discussion : We developed a cell-assisted chitosan-coated conduit to bridge a 10-mm gap
in the rat sciatic nerve transection model. In the early recovery period, 6 weeks after
surgery, beneficial effects that promoted axon remyelination, reduced intra-neural scarring,
enhanced the re-innervation of the effector muscle, and improved overall gait were
observed. These functional improvements may have resulted from an anti-inflammatory
effect involving the inhibition of IL1- and leukotriene signaling.
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Conclusion : This study demonstrated that the chitosan-coated surface performs multiple
functions that can be used to induce neurosphere cells from ASCs and to facilitate nerve
regeneration in combination with a cells-assisted coated conduit, giving great potential for

clinical application to autologous cell-based therapies for patients with peripheral nerve
injury.
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