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Modulation of neural stem cells on culture substrates with surface-anchored
growth factors

Koichi Kato, Shuhei Konagaya, Tadashi Nakaji-Hirabayashi, and Hiroo lwata
Institute for Frontier Medical Sciences, Kyoto University
E-mail: kkato@frontier.kyoto-u.ac.jp

Neural stem cells (NSCs), capable of self-renewal and differentiation into multiple cell
types including neurons, astrocytes and oligodendrocytes, are found in the fetal and adult
brain. Neural precursor cells can also be derived from embryonic stem (ES) and induced
pluripotent stem (iPS) cells. In recent years, many studies have been made on the
utilization of these cells for cell replacement therapy of central nervous disorders such as
Parkinson's disease.

One of the next challenges in this are is to establish methodology for reproducibly
producing adequate cells that can be clinically used for transplantation. In this paper, we
will present our recent achievements concerning the efficient production of neural stem
and progenitor cells and dopamine-producing neurons. The key strategy adopted in our
technology is to use culture substrates with surface-anchored growth factors for
modulating the proliferation and differentiation of NSCs.

First we screened various growth factors and their combinations for the efficient
proliferation and differentiation of NSCs by cell-based assays on a growth factor array. A
hierarchal cluster analysis for the expression of differentiation markers provided the
information on the most effective growth factor candidates.

Based on the information obtained from the cell-based assays, we fabricated culture
substrates with surface-anchored growth factors to study the selective proliferation of
NSCs. It was found that NSCs from the fetal rat brain can be selectively expanded on the
substrates with surface-anchored epidermal growth factor (EGF). On the other hand,
human neural progenitor cells were shown to selectively proliferate on the substrates with
both EGF and basic fibroblast growth factor (bFGF).

Our technology was further applied to the efficient induction of dopamine-producing
cells. For this purpose, we tethered brain-derived neurotrophic factor (BDNF) and glial cell
line-derived neurotrophic factor (GDNF) on the surface of culture substrates. It was found
that dopamine-producing cells were efficiently induced by culturing rat NSCs on this
substrate.
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Trends in tissue engineering approach for periodontal regeneration
TREREL 2 R R &R

Dr. Po-Chun Chang (D.D.S., Ph.D.)
& 4 ¥ EF
Faculty of Dentistry, National University of Singapore, Singapore, Singapore
University Dental Cluster, National University Hospital, Singapore, Singapore
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Periodontitis, characterized by bacteria-induced tooth-supporting structure destruction,

had been affected 40-60% population in most developed countries and reported as one of
the biggest threats to dental health. The current therapeutics mainly relied on pathogen
debridement and regenerative surgeries utilizing a variety of grafting materials, bioactive
molecules, and biocompatible membranes. However, a high degree of variability in clinical
outcome still existed regardless of treatment modalities and appears to be associated with
the inability to control the spatial and temporal activity of cells and biomolecules. It is of
interest to utilize the concept of tissue engineering developing potential treatment modality
facilitating periodontal regeneration.
Based on the current understanding of periodontal formation, we developed an in vivo
gene therapy modality to sustain the expression of platelet-derived growth factor (PDGF),
a potent mitogen and chemotactic factor, within the periodontal defect. Our results
demonstrated significant alveolar bone and periodontal tissue regeneration without any
systemic adverse effect. Therefore, considering the complexity of the biological cascade
during regeneration, we design injectable co-axial double-layered biodegradable
microspheres to carry PDGF and simvastatin, an anti-cholesterol drug which is capable
induce osteogenesis, whereby the microspheres control those biomolecules releasing
simultaneously or sequentially. Furthermore, to optimize the outcome of periodontal
regeneration, we are developing a dual-compartmental modality to reconstruct the soft
(periodontal ligament) and hard (alveolar bone) periodontal tissue component respectively.
The periodontal ligament is reconstructed by a biodegradable micro-sheet containing
enamel matrix derivative (EMD), a group of molecules responsible for tooth root formation
and cementogenesis, and the alveolar bone component is restored by microspheres
encapsulating simvastain-PDGF. We will further move our investigations forward to large
animal models and potential human trials, and hopefully could develop an ideal and
accessible approach toward periodontal regenerative therapy.
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A procedure of fast isolation of adipose - derived stem cells for clinical
cosmetic use
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[Introduction]

Adipose tissue is not only an ideal material for soft tissue filling and augmentation, but
also a plentiful source of adipose — derived stem cells (ADSCs) [1].The combination of fat
with ADSCs , a strategy called cell-assisted lipotransfer (CAL), could become a
mainstream strategy for cosmetic filed[2]. Presently, procedures are tedious,
time-consuming, and not suitable for clinical application. In addition, each step of isolation
can affect the cell viability and numbers. The objective in this study is to develop a simpler
and faster procedure for the isolation of adipose derived stem cells for clinical cosmetic
use.

[Materials and Methods]

We modified the influence factors in procedures, and the cells harvested using different
protocols were analyzed. The total cell numbers of a stromal vascular fraction were
calculated by cell count. To determine the presence of adipose- derived stem cells after
cultivation, we used flow cytometric analysis which is based on surface marker expression.

[Results]

The results indicated that a digestion duration of 30 min. and centrifugation on 1200 g
force obtained higher cell numbers than other conditions. After cultivation, ADSCs
expressed several surface markers and had fibroblastic-like morphology.

[Discussion]
The optimized protocol, both simple and fast, for clinical use consists of: washing 1
time, going through digestion duration of 30 min. and centrifuging on 1200g force for 3min.

[Conclusions]
In conclusion,this method could be applied in clinical lipotransfer and tissue
engineering.
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Development of custom made living bone substitute via tissue engineering and
rapid prototyping for emergency cases of bone loss

Mohammad Syahril Izwan Bin Abd Rahim1, Will J.P Horng2, Toshiyuki Akamine3
Director of Biological Process System Technology sdn bhd ( Malaysia ) 1
Project Manager AMPOC FAR-EAST Co ( Taiwan ) 2
Autostrade Co,. Ltd / Standard Creation Technology Ltd ( Japan / Hong Kong ) 3

[Introduction]

We have proposed the development of a new process device also known as the
biological processing system (BIPS) that incorporates rapid prototyping technology with
tissue engineering concept. The system allows the simultaneous incorporation of living
cells during the fabrication of the 3D scaffold in order to produce a living tissue substitute.
The use of a software that could translate 3D imaging information of the exact size and
shape of the target tissue defect enables the exact fabrication of a living tissue substitute
that can be immediately implanted. The rapid fabrication of such tissue substitute allows
instant replacement of the tissue defect in an emergency setting such as in traumatic
injuries. Our most latest trial work was under the 4 hour for total process. Our target of
commerce level technology will focus for under the 1 hour and it is already in the range
distance.

[Materials and Methods]

Rapid prototyping device is a device or system for quick fabrication of 3-D model
prototypes. It has long thrived in the mechanical / machinery industry for making prototype
models. It was later adopted in the healthcare industry for making biological implants such
as plate, screws or nailing device. At the turn of the 21% century, tissue engineering took a
great leap with the advent of stem cell biology. Tissue engineering involves the
incorporation of living cells into 3D scaffold to mimic the structure of the original tissue that
it is meant to restore. A scaffold provides a 3D framework for cell anchorage and
proliferation and creates a border/ containment for tissue regeneration. The scaffolds are
usually made porous or their surface modified to encourage cell anchorage and
proliferation. Hence, a wide range of biocompatible material (alone or as composites) were
studied and developed.

At the same time, different methods of producing these scaffolds had been developed
including the conventional solvent-casting, freeze-drying or sintering methods. Even rapid
prototyping system alone, there exists different competitive technology e.g. Selective bond
sintering in powder system, Fused deposition modelling (FDM), Stereolithography (SLA)
and electrospinning.

-10-
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[Results]
We are success of making 3D shape ( aggregate animal ) from mainly TGP polymer
( NIPAAm ) and live cell.

[Discussion]

This technology is just making 3D shape from MRI data. And we need to make
junction structure in space of separate cell. This process will need many case study by
target cell and 3D shape

[Conclusions[

In short, we proposed a comprehensive solution by merging the two existing
technologies i.e. tissue engineering technology and the rapid prototyping technology using
optical light stereolithography of BPS Technology Sdn Bhd to bring about a paradigm shift
in the fabrication of living tissue substitute for therapeutic purposes.

-11-
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stem/precursor cells
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[Introduction]

Regulating neural lineage differentiation from neural stem/precursor cells (NSPCs) is
a challenge of neuroscience research. Many investigators have concentrated on
elucidating the role of extrinsic and intrinsic signals coming from medium components,
culture substrates, and intercellular interactions in the regulation of behaviors of NSPCs.
Serum is a complex mixture containing a variety of components with different molecular
weights. It has been shown that NSPCs are influenced by a numerous of factors in serum
including various growth factors, cytokines, neurotransmitters, proteins, and polyamines.
Furthermore, many components in serum might have a synergistic effect to influence stem
cells. NSPCs have demonstrated that they were principally induced to differentiate into
astrocytes and neuron when utilizing the medium contained 10% fetal bovine serum (FBS)
in the absence of additional growth factors or biomaterials. Therefore, we combine with the
serum components, growth factor, and biomaterials to do a microenvironment for neural
stem cells, could have stimulated cell differentiation.

[Materials and Methods]

In this study, serum components were prepared by using centrifugal process method.
NPSCs were prepared form pregnant Wistar rat embryos on days 14-15, and then we
identify the behavior of stem cell, which were differentiation, function, in the culture
microenvironment.

[Results]

The results shows demonstrated that both proliferation- and differentiation-promoting
molecules were present in the serum, which could be divided. In addition, serum
components combine with biomaterials could interact synergistically with growth factor to
exert progression effects on NSPC proliferation or differentiation into more MAP2-positive
neurons.

[Discussion]

The result of differentiated neurons dominating the pattern of NSPC could be
combined administration of bFGF and different serum fraction significantly altered NSPC
phenotypic choice. And this pattern also could be applied to other biomaterial substrates.
In our previous studies, PVDF, EVAL and PVA with different hydrophilic/hydrophobic

-12-
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properties could exert different influences on NSPC fate specification. More differentiated
neurons were observed on all substrates, which is different from biomaterial itself inducing
non-neural differentiation pathways in cultured NSPCs or inhibiting NSPC suspension.
This suggests that substrates cannot solely influence the behavior of NSPCs. Therefore,
the behavior of NSPCs is versatile, which is dependent on the complex environmental
conditions.

[Conclusions]

Combining with serum components, growth factors was a culture medium could have
induced cells to proliferation and differentiation in vitro.

-13-
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Modulation of gene expression and collagen production of anterior cruciate
ligament cells through cell shape change on polycaprolactone/chitosan blends
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[Introduction]

Based on the different adhesion characteristics of human ACL cells on chitosan and
PCL, the present study is concerned with the gene expression and ECM production of ACL
cells through cell shape changes on blends of chitosan with PCL, which has been
illustrated as a suitable material for cell adhesion. It is possible to combine the advantages
of chitosan and PCL to create a new blended material, which could maintain the viability
and stimulate the collagen synthesis of human ACL cells simultaneously.

[Materials and Methods]

Substrate preparation: 5, 10, 15, 25, 50 and 75 wt % PCL in PCL/chitosan solution,
different volume of 10 wt % PCL solutions. Cell culture: Human ACL explants were
obtained from patients who underwent ACL reconstruction. Cell morphology: Hitachi S-800
scanning electron microscope, Cell proliferation: MTT assay, Immunofluorescenc:
rhodamine-labeled phalloidin. protein synthesis: ELISA kit. Real-time PCR: the gene
expression of TGF- 1, collagen type | and collagen type Il and GAPDH

[Results]

We found that the morphology, viability and gene expression of human ACL cells on
the chitosan/PCL blends could be effectively regulated. With the increase of PCL content
in blends, human ACL cells presented more flatten shape, well-organized cytoskeleton,
and higher proliferated ability. Compared to flatten shape, human ACL cells with round
shape exhibited higher levels of mMRNA expression of TGF- 1and collagen type Il through
3-day culture period. Furthermore, these blended materials could up-regulate protein
synthesis of human ACL cells, which corresponded to their gene expressions.

[Discussion]

We successfully demonstrated that the miscible PCL/chitosan blends could be used to
modulate the gene expression of human ACL cells through changing the cell shape
without any chemical reagent. The different cellular morphologies on the blends were
attributed to the different cell adhesion characteristics of PCL and chitosan. We further
found that the collagen type lll synthesis could be upregulated by modulation of cellular
morphologies. Therefore, it is possible to combine the advantages of chitosan and PCL to

-14-
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create a new blended material, which could control cellular morphologies specifically, and
further to regulate the gene expression and protein production of cells for specific
applications.

[Conclusions]

Therefore, it is possible to combine the advantages of chitosan and PCL to create a
new blended material, which could control cellular morphologies specifically, and further to
regulate the gene expression and protein production of cells for specific applications. We
expected this concept, controlling the cell shape through biomaterial to modulate the
behavior of cells, could provide a new vision for the material selection of ligament tissue
engineering.

-15-
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Anti-IL-20 antibody is a potential therapeutic agent for rheumatoid arthritis
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[Introduction]

Interleukin (IL)-20 is a proinflammatory cytokine involved in the pathogenesis of
rheumatoid arthritis. We investigated whether anti-IL-20 antibody treatment would
modulate the severity of the disease in the collagen-induced arthritis (CIA) rat model.

[Materials and Methods]

We generated a CIA model. CIA rats were subcutaneously treated with anti-IL-20
antibody 7E, TNF blocker (etanercept), or 7E combined with etanercept. Arthritis severity
was determined by hind-paw thickness, severity score, bone mineral density, and cytokine
production, which were evaluated using radiological scans, microcomputed tomography,
and ELISA. To analyze gene regulation by IL-20, rat synovial fibroblasts (SFs) were
isolated and analyzed for the expression of receptor activator for nuclear factor-kB ligand
(RANKL), IL-17, and TNF-a. We also used RT-PCR and flow cytometry to determine
whether IL-20 regulated RANKL in mouse osteoblastic MC3T3-E1 and Th17 cells.

[Results]

In vivo, 7TE alone or combined with etanercept significantly reduced the severity of
arthritis by decreasing hind-paw thickness and swelling. 7E prevented cartilage damage
and bone loss. 7E also reduced the expression of TNF-a, IL-20, IL-6 and IL-18 in synovial
tissues. In vitro, IL-20 induced TNF-o expression in CIA SFs. IL-20 markedly induced
RANKL production in CIA SFs, osteoblasts, and Th17 cells.

[Discussion]

About 40% of RA patients are resistant to a TNF-a blockade, which suggests that
some TNF- -independent pathogenesis occurs in these patients and indicates a need for
new anti-rheumatoid arthritis therapeutics. 7E alone and etanercept were equally
efficacious for reducing the severity of arthritis by inhibiting the inflammatory response and
by preventing bone destruction and cartilage damage in inflamed joints. The therapeutic
efficacy of 7E was increased when it was combined with etanercept, which indicated that
IL-20 and TNF-  synergistically promote synovial inflammation.

[Conclusions]

Selectively blocking IL-20 inhibited inflammation and bone loss in CIA rats. Combining
7E with etanercept synergistically protected CIA rats. Our findings provide evidence that
IL-20 is a novel target, and that 7E may be a potential therapeutic for rheumatoid arthritis.

-16-
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Comparison of the osteogenic differentiation capacity of human placenta-derived
mesenchymal stem cells and bone marrow-derived mesenchymal stem cells on
different degradable polymer materials and its signal pathways analysis
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[Introduction]

The goal of this study is to compare osteogenic differentiation capacity of human
placenta derived mesenchymal stem cells (hPDMC) and human bone marrow derived
mesenchymal stem cells (hBMSC) when cultivated on different degradable polymer
surface. Few investigations were designed to compare the osteogenic capacity of stem
cells from different origin and to evaluate the possible signal pathways responding to the
osteogenic processing from the materials.

[Materials and Methods]

Study design: hBMSCs and hPDMCs were cultured on selected degradable polymer
surface. Biodegradable materials, including chitosan, gelatin, hyaluronic acid,
poly(ethylene glycol)(PEG), poly-I-lactic acid (PLLA), poly(lactic-co-glycolic acid ) (PLGA),
poly-e-caprolactones (PCL),and poly-(B-hydroxybutyrate) (PHB) were tested. Cell
morphology, viability, cytotoxicity, and osteogenic related markers including BMP-2,
osteocalcin and alkaline phosphatase were analyzed. Alizarin red staining was performed
for mineralization evaluation. Four major pathways, including Wnt-B-catenin pathway,
BMP-Smads pathway, ERK-MAPK pathway, and PI3k-Akt pathway , were tested with
adding inhibitor respectively to see the effect of ALP activity alternation by MSCs after
osteoinduction.

[Results]

hPDMCs and hBMSCs expressed similar fibroblast-like morphology after adhesion on
these degradable material surfaces except chitosan. No significant cytotoxic effect was
noted by LDH assay when culture both MSCs on these degradable polymer surface.
Human BMSC expressed higher MTT activity on PCL surface than other materials. Human
BMSC showed superior osteogenic capacity than hPDMCs by stronger expression in
alkaline phosphatase activity and Alizarin red staining in osteoinductive medium. Human
BMSC expressed higher ALP activity on poly-ge-caprolactones (PCL), hyaluronic acid, and
gelatin surface in osteoinductive medium, and further experiment showed PCL could be
considered as optimal material in bone regeneration based on 1) human BMSC showed
strong mineralization staining on the 28th day without osteoinduction and 2) PCL

-17-
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accelerated human PDMC mineral deposition on the 14th day in osteoinductive medium .
For hBMSC culture in osteoinductive medium, the ALP activity dropped statistically by
interfering PI3k-Akt pathway by its inhibitor, LY294002.

[Conclusions]

Human BMSC was considered as preferable cell source for bone regeneration than
hPDMC. PCL could be selected as optimal scaffold for bone regeneration based on its
apparent ALP expression and mineral deposition effect than other degradable materials.

The PI3k-Akt pathway should be the major signal pathway responding to the osteogenesis
by mesenchymal stem cells on PCL surface.

-18-
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Spheroid formation of human adipose-derived stem cells on chitosan films
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[Introduction]

Because of their abilities of rapid proliferation and differentiation into multiple cell
types, mesenchymal stem cells are regarded to have great potentials for application in
regenerative medicine. The adipose-derived stem cells (ASCs) have been shown to share
similar characteristics of mesenchymal stem cells isolated from bone marrow. Previous
reports suggested that culture as 3D spheroids can increase therapeutic potentials of
mesenchymal stem cells. Therefore, we aimed to manipulate the spheroid formation of
human ASCs by culturing them on chitosan films. Then we investigated the cell behavior of
ASCs in the spheroids.

[Materials and Methods]

Chitosan-coated tissue culture plates (CMs) were prepared for human ASC culture.
The ASCs were passaged 3 times and plated onto CMs or tissue-culture polystyrene
(TCPS) with the culture medium consisting of DMEM-high glucose, 10% FBS, 1%
penicillin-streptomycin (all from Gibco). Human ASCs were seeded at different densities
onto CMs, and the number and diameter of spheroids per well in each group were
measured. Culture media was refreshed every 2-3 days. In some experiments, after
spheroids were formed on CMs 7 days after cell seeding, these spheroids were transferred
from CMs to a TCPS or a new CM and then cultured for 7 more days. Cell viability was
assessed by the alamar blue assay and the live/dead analysis. Cell apoptosis was
analyzed by flow cytometry measuring propidium iodide uptake and annexin V labeling.
Expression of “stemness” genes were analyzed by real-time PCR. Histology and
immunohistochemistry of the ASC spheroids were also obtained.

[Results]

With the increasing seeding density of ASCs on CMs, the ASC spheroid formed faster
and exhibited a bigger diameter at day 7. Live/dead assay showed that ASCs within the
spheroid are largely viable, though the proliferation of ASCs was inhibited. Upon
translocation of ASC spheroids from CM to TCPS, ASCs started to proliferate again. The
ratio of apoptotic cell in ASC spheroid was comparable to those cultured on TCPS.
Significant upregulation of Sox-2, Oct-4 and Nanog genes was noted in cells within ASC
spheroids. The finding was further supported by the immunohistostaining of Sox-2, Oct-4
and Nanog in ASC spheroids.

-19-
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[Discussion]
We found that ASC spheroid formation on chitosan films enhanced the “stemness” of
ASCs by upregulation of stemness-related genes, such as Sox-2, Oct-4 and Nanog.

Different cell behaviors of ASCs derived from spheroid and monolayer cell culture were
demonstrated. Cells in spheroids are in close association with each other and probably
signal cues to each other much easier than in monolayer cultures. The changes in the
ASCs as they form spheroids are probably the result of the nonadherent culture conditions
provided by the chitosan films.

[Conclusions]

Our results indicated that human ASCs could form spheroids on chitosan films.
Although the spheroids do not proliferate, ASCs within the spheroid remained viable. Since
spheroid-derived ASCs appeared to have more “stemness” characteristics, they should be
of value for future application in regenerative medicine.

-20-
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Knockdown of p21Cip1/Waf1 enhances proliferation, the expression of stemness
markers and osteogenic potential in human mesenchymal stem cells
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Cell-based therapies using bone marrow-derived mesenchymal stem cells (MSCs)
demonstrate great potential in bone regenerative therapies. Ex vivo expansion of MSCs is
often required to generate adequate cell numbers in clinical applications. Senescence of
MSCs occurs along with ex vivo passages and results in lower proliferation rate, loss of
stemness and compromised therapeutic potential. However, currently no effective and safe
method is available to solve the senescence problem. Previous studies indicated that a
cell cycle regulator, p21, may be associated with cell senescence. We hypothesized that
p21 may play an important role in the senescence of bone marrow-derived MSCs. The
purpose of this research was to determine the role of p21 expression in the senescence of
human bone marrow-derived MSCs. The results indicated that MSCs increased in p21
expression and became senescent along with ex vivo expansion. Lentiviral transduction of
senescent MSCs with p21 shRNAs was able to increase their proliferation capacity,
expression of stemness markers, and osteogenic potential in vitro. More importantly, the
reduction of p21 expression enhanced the bone repair capacity of senescent MSCs in a
mouse calvarial defect model. The p21-knockdowned MSCs showed increased
telomerase activity and telomere length but maintained normal chromosome integrity and
did not acquire tumorigenic potential. In conclusion, p21 plays an important role in
senescence of human bone marrow-derived MSCs. The knockdown of p21 may become
an effective and safe strategy to prevent or reduce the senescence of MSCs during ex vivo
expansion.

Keywords: mesenchymal stem cells, senescence, p21, osteogenesis
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[Introduction]

Massive segmental defects arising from trauma or tumor resection remain a
challenging clinical problem. To heal massive, segmental bone defects using
adipose-derived stem cells (ASCs), which alone cannot heal large defects, we
hypothesized that sustained expression of factors promoting bone regeneration (BMP2)
and angiogenesis (VEGF) provides continuous stimuli to augment the healing.

[Materials and Methods]

We developed a dual baculovirus (BV) system whereby one BV expressed FLP
recombinase (BacFLP) while the other hybrid BV harbored an Frt-flanking transgene
cassette. The New Zealand White (NZW) rabbit ASCs were transduced with the
BMP2-expressing BV or VEGF-expressing BV, co-seeded to scaffolds and co-implanted
into critical-sized (10 mm) femoral segmental defects in NZW rabbits. The bone
regeneration was assessed by radiography, Positron Emission Tomography / Computer
Tomography (PET/CT) at 2, 4, 8 and 12 weeks post-transplantation (wpt), and uCT,
histological staining, biomechanical torsional testing at 12 wpt, respectively.

[Results]

FLP/Frt-mediated recombination occurred in up to 46% of ASCs transduced with
BacFLP and the hybrid BV, leading to cassette excision off the BV genome, enabling
transgene persistence in episomal form and prolonging expression to >28 days. ASCs
engineered by conventional BV transiently expressing BMP2/VEGF (S group) only healed
the critical-size (10 mm) segmental femoral bone defects in 4 out of 10 NZW rabbits at 12
wpt, but ASCs engineered by the hybrid vectors persistently expressing BMP2/VEGF (L
group) healed the critical-size defects in 12 out of 12 animals in 8 weeks. Compared with
the S group, the L group not only accelerated the healing, but also ameliorated the bone
metabolism, bone volume, bone density, angiogenesis and mechanical properties

[Discussion]

These data confirmed our hypothesis that persistent BMP2/VEGF expression is
essential.
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[Conclusions]
Use of the hybrid BV vector for ASCs engineering represents a novel therapy to treat
massive segmental defects necessitating sustained stimuli.
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