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ABSTRACT

Human adipose stem cells (hASCs) among other stem cells offer a
glimpse of possibilities in neurodegenerative disease treatment. By that fact,
researchers have been developing neural transdifferentiation methods of
hASCs over the last decades. Various types of inducing agents were applied
to improve the protocol. NO-cGMP signaling pathway is known to play a vital
role in regulation of cell growth, survival, differentiation, proliferation,
migration, axon guidance and many other processes. cGMP, as the mediator,
helps support NO regulation of cell survival, differentiation and
neuroprotective regulation. Previous research demonstrated that applying NO
donor agents in neural differentiation medium could convert hESCs into
neural- like cells. However, neural differentiation through this specific
signaling pathway on hASCs has not yet been investigated. In this study, 8
Bromo- cyclic GMP (8Br-cGMP) was added to neural induction cocktails to
improve the neural transdifferentiation efficiency of hASCs. Results
demonstrated that hASCs under this condition exhibited higher expression of
neural genes and could further differentiate into mature neuronal and glial
cells. Our findings highlighted that differentiated hASCs displayed neuronal
progenitor profile, yet remained their plasticity as they can differentiate
toward glial cells. Future studies employing in vivo transplantation models
and their underlying mechanisms are warranted.
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INTRODUCTION

Stem cells have been considered as a promising tool in cell-based
therapy. Stem cell therapy aims to induce the neuro-restorative process that is
essential to support recovery after a loss of function. Human embryonic stem
cells (hESCs) have seemed to be the most powerful tool for cell therapy in
animal models, but several challenges need to be resolved before translating
ESCs application in humans. ESCs are genetically and epigenetically unstable
which could cause teratoma formation upon transplantation. Another source
is neural stem cells (NSCs) which have unlimited differentiation potential in
vitro and potential of producing all kinds of brain-specific cell types that make
them a feasible candidate in the therapy (Bain et al., 1995; Lee et al., 2000).
However, due to their accessible difficulty, limited source of cells, and weak
immune rejection potential, utilizing these cells in cell-based therapy would
be challenging.

Due to less ethical controversy, mesenchymal stem cells (MSCs) have
been recently brought up against those cells. These cells hold many features
which are easily collected, abundant availability, extensively expansion in
vitro, and the ability to repair the tissue by differentiating itself to replace
injured cells and/or by creating an environment favorable for the tissue repair
by endogenous cells (Izadpanah et al., 2005). Moreover, increasing evidence
on the neuroectodermal lineage commitment of mesenchymal stem cells
(MSCs) has raised a good appeal of MSCs in cell-based therapies (Deng et al.,
2001; Jiang et al., 2002; Sanchez-Ramos et al., 2000, Woodbury et al., 2002).
Among many sources of MSCs, adipose tissue seems to be a promising source
of cells since they are available in large quantities (over hundreds of million
cells per individual), easily isolated and can be cultured for several months in
vitro with low levels of senescence (Zuk et al., 2001; Zuk et al., 2002).
Investigating the utilization and application of these cells would be beneficial
in cell-based therapy.

Nitric oxide (NO) is a short-lived diatomic free radical species that is
synthesized by nitric oxide synthases (NOS). At low nanomolar
concentrations of NO, activation of soluble guanylyl cyclase (sGC: the major
NO receptor) triggers intracellular cyclic GMP level elevation (Arnold et al.,
1977; Katsuki et al., 1977). This signaling pathway, also known as NO-cGMP

November 10-12, 2019 Duangjitt Resort & Spa, Patong, Phuket, Thailand 637



The 31% Annual Meeting of the Thai Society for Biotechnology
2019 and International Conference (TSB2019)

Pl
=
N
2

signaling pathway, is involved in diverse physiological processes, such as
smooth muscle relaxation, neurotransmission, blood pressure regulation,
inhibition of platelet aggregation and immunomodulation. Its roles at cellular
level are to regulate cell growth, survival, differentiation, proliferation,
migration, axon guidance and many other processes through a variety of
downstream signaling cascades depending on cell type specific regulation.
cGMP, as the mediator, help support NO regulate cell survival, differentiation
and neuroprotective regulation (Thippeswamy and Morris, 1997, 2001; Ciani
et al,, 2002). 8 bromo cyclic GMP (8Br-cGMP), NO donor, has been
extensively investigated in neural differentiation of many types of cell, but the
evidence of applying this agent in human MSCs is rarely seen. The effect of
this NO donor on neural differentiation of hASCs remained questionable. In
this study, the effect of 8 bromo cyclic GMP was investigated whether they
could induce the differentiation of hASCs into neural-like cells that hold both
neural phenotypic and genotypic profiles.

MATERIAL AND METHODS

Isolation and expansion of hASCs

Isolation of hASCs was carried out using previously procedures
(Gimble and Guilak, 2003; Zuk et al., 2001). This work was approved by the
Ethics Committee for Researches Involving Haman Subjects, Suranaree
University of Technology and Maharat Nakorn Ratchasima Hospital
Institutional Review Board (MNRH IRB). Briefly, visceral adipose tissue was
collected with written and informed consent from three donors who underwent
surgery. The tissue then was stored in 4°C sterile phosphate buffered saline
without calcium and magnesium (PBS) and transferred to the laboratory.
Then, adipose tissue was immersed in 75% ethanol for 30 sec under sterile
manner. The tissue was manually minced into small fragments in PBS at 37°C
and digested by collagenase type I with stirring magnetic bar in a water bath
at 37°C for 60 min. The cell suspension was centrifuged at 400g for 5 min and
the supernatant was discarded. The cells were seeded and expanded in media
containing alpha modification of Eagle’s medium (a- MEM; GIBCO-BRL)
supplemented with 10% fetal bovine serum (FBS; Hyclone) and 100 units/ml
penicillin and 100 pg/ml streptomycin (Invitrogen), and then incubated at
37°C under humidified atmosphere of 5% CO; in air. The medium was
changed three times a week. After characterization, the most promising
hASC:s cell line was used for the experiment in the present study.
Immunocytochemistry analysis
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Passage 4 of hASCs at 70% confluence were fixed by 4% PFA (Sigma)
at room temperature for 15 min. They were washed with PBS and incubated
with blocking buffer consisting of 10% normal goat serum at room
temperature for 2h. After that, they were incubated at 4°C overnight with
primary rabbit antibodies raised against CD45, CD73, CD90 and CD105; with
primary mouse antibodies raised again CD34 and Vimentin (all antibodies’
dilution factor was 1:200 and purchased from Santa Cruz Biotechnology,
California, USA). Alexa fluor® 488 goat anti rabbit [gG (1:1000; Invitrogen)
were used for 2h at room temperature. Cells were then counterstained with 1
mg/ml 40, 6-diamino-2- phenylindole (DAPI; Sigma) for 10 minutes. They
were observed and photographed under a fluorescent microscope ( Olympus,
model BH2-RFL-T3).

Multipotency analysis

Isolated cells were induced to differentiate into mesodermal lineages
which are osteoblasts, adipocytes and chondrocytes. hASCs were induced to
osteoblasts under the hMSCs culture medium without any fetal bovine serum
and supplemented with 100 nM dexamethasone, 0.2 mM L- ascorbate- 2-
phosphate, 2 mM L- glutamine, 10 mM B- glycerophosphate, 100 units/ ml
penicillin and 100 pg/ml streptomycin (all from Sigma —Aldrich). hASCs
differentiated to adipocytes were under the medium without fetal bovine
serum and supplemented with 10 pg/ml insulin, 100 uM indomethacin, 1 uM
dexamethasone, 0.5 mM isobutyl methylxanthine (IBMX), 100 units/ ml
penicillin and 100 pg/ ml streptomycin (all from Sigma — Aldrich). For
chondrocytes differentiation, hASCs were under the medium with 2% fetal
bovine serum and supplemented with 0.05 mM ascorbate 2-phosphate, 40
nug/ ml L- proline, 1 mM sodium pyruvate, 100 nM dexamethasone, 100
units/ml penicillin and 100 pg/ml streptomycin (all from Sigma — Aldrich).
Additionally, 10 ng/ml TGF-3 (R&D Systems, Minnesota, USA) and 1%
ITS- X (Gibco®, Invitrogen) were also supplemented. The medium was
subsequently changed every other day for three weeks. The culture was then
fixed in 4% PFA followed by Alizarin Red S, Oil Red O and Alcian blue 8GX
(all from Sigma —Aldrich) staining for 30 minutes, respectively. Morphology
and stained cells were observed under inverted microscope ( Olympus, model
BH2-RFL-T3).

Neural transdifferentiation of hASCs

hASCs were converted to neural cells by a modified protocol of Johe
et al. (Johe et al, 1996). The culture dish was coated with 10pg/ml Poly-L-
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Lysine (Cultrex) and 5Spg/ml mouse laminin (Cultrex). hASCs at P5 were
under N2B27 basal medium which is a mixture of DMEM/F12 ( Gibco) and
Neurobasal (Gibco) medium (1:1) supplemented with 1%N2 (v/v) and 2%B27
(v/v) supplementation (Gibco). To find the optimal concentration of 8Br-
cGMP (Sigma), various concentrations (OuM, 10uM and 100uM) of 8Br-
cGMP were added to induction medium for 14 days. Additional
supplementations which are 20ng/ml epidermal growth factor (EGF, Sigma),
20ng/ ml basic fibroblast growth factor (bFGF, Sigma), 100ng/ml human
noggin ( Prospec), 10uM SB431542 ( Calbiochem), 10uM retinoic acid
( Sigma) , 5U/ ml Heparin ( Sigma), 100U/ ml penicillin and 100ug/ ml
streptomycin (Invitrogen) were added in every conditions. Induction medium
was changed every two days for 14 days. hASCs under N2B27 basal medium
supplemented with 0.5% DMSO (v/v, Sigma) and DMEM/F12 medium
conditions, serving as controls in this study, were cultured along with 8Br-
cGMP treated groups. hASCs at D7 and D14 were characterized and
examined. Optimal condition was selected for terminally differentiate to
mature neurons and glia using NeuroCult™ NS- A differentiation kit for
human cells (Stem Cell, USA) for 10 days. Neural like cells were analyzed by
immunocytochemistry and RT-qPCR analyses. Every experiment was done in
triplicate independently.

Characterization of neural induced hASCs (NI-hASCs)
Immunocytochemistry cell analysis

NI-hASCs at d7, d14 and mature neural cells cultured on 8-well cell
culture chamber slide ( SPL Life Sciences) were fixed in 4% PFA,
permeabilized with 0.2% Triton X- 100 ( Sigma, USA) in PBS at room
temperature for 10 min, and blocked with 10% normal goat serum ( Zymed,
USA) at room temperature for 60 min. Cells were incubated at 4°C overnight
with the following primary antibodies: mouse a-Nestin ( Abcam, 1:200),
mouse a-Sox2 (R&D systems, 1:50), rabbit a-Glial-Fibrillary- Acidic-Protein
(GFAP, Abcam, 1:200), mouse a- Beta III tubulin (TUJ1, Abcam, 1:200),
mouse a- Neurofilament- Light ( NF- L, Abcam, 1:200), mouse a- Olig2
(Abcam, 1:100) and goat a-Choline acetyltransferase (ChAT, R&D systems,
1:100). Alexa fluor® 488 goat anti rabbit IgG ( 1: 1000; Invitrogen), Alexa
fluor® 488 goat anti mouse IgG (1:1000; Invitrogen) and Alexa fluor® 488
donkey anti goat IgG ( 1: 1000; Invitrogen) were used based on primary
antibody reactive species for 2 hours at room temperature. NI-hASCs were
then counterstained with 1 mg/ml 40, 6- diamino- 2- phenylindole ( DAPI;
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Sigma) for 10 minutes. Finally, the cells were observed and photographed
under a fluorescent microscope (Nikon, model Eclipse-Ti-S1 DRi-UJ-D).

RT-qPCR Analysis (Biorad CFB3240G Chromo4 Thermocycle)

Total RNA extraction was performed using Total RNA extraction mini
kit (RBC Bioscience). DNasel set (amplification grade, life technologies) was
used for the removal of genomic DNA in the RNA sample. Then, RNA was
reverse- transcribed in the presence of oligo- dT primer using iScriptTM
Reverse Transcription Supermix for RT-qPCR (Bio-Rad). Primers that are
specific to different types of neural cells are in Table S1 (supplement data).
The optimum annealing temperature for each primer pair was determined
experimentally. The KAPA SYBR® Fast qPCR Kit (KAPA Biosystems) was
used for all RT-PCRs as per the manufacturer’s instructions with the addition
of cDNA or RNase-free water (negative control). mRNA values for each gene
were normalized to S-actin. The Ct value was calculated using 222 method
(Livak and Schimittgen, 2001).

Neurite analysis of NI-hASCs

The morphology of NI- hASCs treated with various 8Br- cGMP
concentrations for 7 days was analyzed using In Cell Analyzer 1000 Cellular
Imaging and Analysis System ( GE Healthcare Life Science) . Neurite
outgrowth automated scoring was performed on the samples immunostainned
with TUJ1 together with DAPI as previously described by Ramm et al., 2003
with some modification. Differentiated cells that were positive for
TUJ1/DAPI were selected based on specific criteria. Well that contains more

than 2,000 cells was selected and cells were analyzed in 12 different fields
(N=12).

Neuronal and glial differentiation of 10pM 8Br- cGMP induced NI-
hASCs

NI-hASCs with optimal 8Br-cGMP were cultured under NeuroCult™
NS-A Differentiation medium (STEMCELL™ Technologies) for another 10
days as recommended by the instruction manual. To differentiate NI-hASCs
into neurons, 10ng/ ml Nerve Growth Factor (NGF) was added into the
differentiation medium as well as 10ng/ml Platelet Derived Growth Factor-
AA (PDGF-AA) for glial differentiation. NI-hASCs under NGF, PDGF, and
normal NS- A differentiation medium were used to examine their gene
expression pattern and phenotype by RT-qPCR and immunocytochemistry
analyses.
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Statistical analysis

All experiment was performed in triplicate. Neurite outgrowth analysis
was measured in 6 replications. For RT-qPCR analysis, three independent
samples were replicated in the analysis. Statistical analysis was performed
using SPSS 17.0 (SPSS, Inc., USA). RT-qPCR was analyzed by two-way
ANOVA. Immunopositive cell and neurite outgrowth analyses were
determined using one- way ANOVA. The level of significance was set at p <
0.05. Post hoc comparisons between all groups were performed using the
Turkey multiple comparison test. Data are represented as mean + SD. In every
analysis, Difference was considered significant at * p< 0. 05, statistically
significant at **p< 0.01 and statistically significant at ***p<0.001.

RESULTS

Isolated hASCs display mesenchymal stem cells phenotypes

Isolated hASCs display a fibroblast like morphology (Fig. 1a). They
were positive for adhesion molecules CD73, CD105 and extracellular matrix
protein CD90 (Fig. 1d-f), but negative for CD34 and CD45 (Fig. 1b-c). They
were able to differentiate toward osteoblasts, adipocytes, and chondrocytes
(Fig. 1h-j) under specific in vitro differentiating conditions for 21 days. These
results could identify that hASCs isolated in this study were stromal
multipotent cells that could differentiate toward cells under mesodermal
lineage.

10pM treatment for 7d displayed neural morphology and are highly
positive for SOX2, TUJ1 and NF-L

hASCs isolated from adipose tissue in this study were neurally induced
by 8Br-cGMP supplementation at OuM, 10uM, 100uM. After exposure to
neural induction medium for a few days, NI-hASCs exhibited rapid
morphological changes and looked different when compared to the controls.
Most differentiated cells retract their cytoplasm and emit cellular protrusions
(Fig. 2a); some cells form spherical cell body (Fig. 2b); some cells remain
large and flat just like normal hASCs. The majority of NI-hASCs population
in 10uM (Fig. 2c) appears as sharp, elongated bi- or multipolar cells with
primary and secondary processes after induction for a week. Nestin, Sox2,
TUJ1 and NF-L staining were used to determine the stage of neural cells
induced from hASCs. NI-hASCs in all groups were positive for Nestin, Sox2,
TUJ1 and NF-L after one week of 8Br-cGMP exposure. Sox2" and TUJ1"
percentage of 10uM 8Br-cGMP condition were distinctively higher than other
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conditions (79.08%+11.31% and 51.98%=+18.16%, respectively). NI-hASCs
under 10uM 8Br-cGMP condition were also highly positive for Nestin
(83.42%+3.42%) and NF-L (98.34%=+0.76%), but not significantly different
than other treatments. The morphology of the controls (Fig. 2h and 2i) was
slightly different when compared to hASCs under normal culture condition
(Fig. 2j). hASCs in normal culture condition were weakly positive for Nestin,
Sox2 and TUJ1 (10.41%+1.67%, 34.52%+7.66% and 18.71%+9.99%,
respectively), but the only control that was positive for NF-L
(18.62%=*14.06%) was DMSO. After 14 days of induction, NI-hASCs
population number was roughly decreasing but their morphology remains
similarly to those at d7. Large number of cell detachment could be observed
in all treatments at this point.

Figure 1. Morphological and immunocytochemical characterization of
hASCs (a-f). Multipotent potential of hASCs was investigated under
standard osteogenic (h), chondrogenic (i) and adipogenic (j)
differentiation medium for three weeks. Calcium minerization,
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extracellular matrix proteoglycan accumulation and lipid droplets
formation were detected under the microscope (h-j). Image a was
taken under 40x magnification. Image b-j were taken under 200x
magnification.

10puM treatment could produce significantly higher number of TUJ1+
NI-hASCs with neurites

Neurite outgrowth analysis of NI-hASCs was performed under In Cell
Analyzer 1000 Cellular Imaging and Analysis System (GE Healthcare Life
Science). TUJ1" NI-hASCs under specific criteria were selected for the
analysis for more accurate interpretation. 10uM 8Br-cGMP showed the
highest number of TUJ1" NI-hASCs with neurites and was significantly
greater (p<0.001) than other conditions (Fig. 3b). Their cell body area and
number of neurite/cell were significantly higher (p<0.05) than the control (Fig.
3¢ and 3e). Total neurite length of untreated and 10uM 8Br-cGMP was about
at 50pm with 10uM 8Br-cGMP slightly greater than the untreated (Fig. 3d).
Their lengths were higher than the 100uM 8Br-cGMP treated group and the
control but not statistically significant. Total neurite length per cell and mean
neurite length were found to be not statistically different across all conditions
(Fig. 3f and 3g). There weren’t any TUJ1" populations with neurite under
defined criteria presented in DMEM condition.

Neuroectodermal promoting activity was significantly higher in 10pM
treatment at d7 of induction

To find the most optimal condition of neural cells differentiation,
mRNA expression level of neuroectodermal development genes in NI-hASCs
of each condition was measured at d7 and d14. The expression level was
reported relatively to DMEM/F12 condition (the control). Most of neural gene
expression in 10uM 8Br-cGMP condition were upregulated at one week of
induction (Fig. 4a) and started to downregulate overtime. Surprisingly, the
only gene that was upregulated at d14 was TUJI (Fig. 4b) but other genes
were decreasing. SOX2, the neural progenitor marker, mRNA level of each
condition was not significantly different; still the highest expression level was
of 10uM 8Br-cGMP treated group.
qPCR analysis at d7 was examined closely by genes due to much
neuroectodermal promoting activity. Each condition was analyzed
comparatively with neural cell derived from human embryonic carcinoma
cells (NPC-EC) as the positive control previously reported by Peter W.
Andrews. The morphology of NPC-EC was distinctively different from the

November 10-12, 2019 Duangjitt Resort & Spa, Patong, Phuket, Thailand 644



The 315 Annual Meeting of the Thai Society for Biotechnology
and International Conference (TSB2019)

experimental group (Fig. 4d and 4e) but displayed similar neural profile to
previous study (Andrews, 1984). Genes examined in this study were referred
to early progenitor (Nestin and SOX2) and neuronal developing (MASHI,
GAP43, MAP2, TUJI and NF-L) stages of neuroectodermal development.
Nestin expression level in both of OuM and 10uM treatment was significantly
higher than other conditions (Fig. 4c). GAP43, MASHI, MAP2 and NF-L
mRNA levels of 10uM 8Br-cGMP condition were significantly higher than
other conditions, but MAP2 and TUJI expression levels were not different
from NPC-EC. These markers are associated with neuronal maturation and
neurite outgrowth. This incidence was confirmed by the highest total length
of neurite (Fig. 3d) and the highest number of neurite (Fig. 3¢) in 10uM 8Br-
cGMP. Even though most of neural markers were suppressed and significantly
lower in 100uM 8Br-cGMP, about 20% of TUJ1" NI-hASCs with slightly
lower total neurite length existed (Fig. 3b and 3d).

Figure 2. Morphological changes exhibited by hASCs exposed to 8 Bromo
cyclicGMP and other neural inducing agents. As early as 2 days
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postinduction (a-b), cell with neural-like structure were observed
(black arrow). Those cells developed rounded cell bodies with
several branching extensions. Some cells remained spindle —shape
structure (white arrow) like hASCs under the controls (h-1) and non
inducing hASCs (j). Image a and d-j were taken under 200x
magnification. Image b-c were taken under 400x magnification.
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Figure 3. Immunopositive (a) and neurite outgrowth (b-g) analyses of NI-
hASCs after 7 days of induction. NF-L expression in DMEM and
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hASCs could not be detected. All treatments were counted in twelve
different fields (N=12). Statistical significance is indicated (one-
way ANOVA, post hoc comparisons between all groups were
performed using the Turkey test, *p<0.05, **p<0.01, ***p<0.001).
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Figure 4. Relative gene expression of NI-hASCs to DMEM condition at d7 (a
and c¢) and d14 (b). Each of 3 independent samples in all treatments
was performed in replicate. Statistical significance is indicated (two-
way ANOVA, post hoc comparisons between all groups were
performed using the Turkey test, *p<0.05, **p<0.01, ***p<0.001).
Neural cell derived from human EC cells were used as a positive

control (d-e). Image d was taken under 200x magnification and e was
taken under 40x magnification.
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10puM 8Br-cGMP NI-hASCs could differentiate toward neuronal and
glial lineage under maturation inducing condition

NI-hASCs under 10uM 8Br-cGMP condition were differentiated
toward neuronal and glial cells to test their progenitor plasticity. NeuroCult™
NS-A Differentiation Kit was used to differentiate NI-hASCs
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Figure 5. Morphological, Immunochemical staining and qPCR analyses of
differentiated NI-hASCs toward neuronal (a-d) and glial (e-h) cells
under specific induction medium. Each of 3 independent samples in
all treatments was performed in replicate. Statistical significance is
indicated (two-way ANOVA, post hoc comparisons between all
groups were performed using the Turkey test, *p<0.05, **p<0.01,
**#%p<0.001). Images in the first and the third column were taken
under 200x magnification and images in the second and the fourth
column were taken under 400x magnification.
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as a standard differentiation protocol. Differentiated NI-hASCs display
distinctive morphology when compared to hASCs cultured under NS-A
medium (Fig. 5Sm and 5n). The morphology of NI-hASCs under NGF
condition consisted of larger soma and longer axon with neural ends on each
neuronal-like cell (Fig. 5b). Overall, they were positive for mature neuronal
markers, TUJ1 (Fig. 5c) and ChAT (Fig 5d). TUJI mRNA level was
significantly higher than other conditions (Fig. 50), roughly 50 folds greater
than NI-hASCs without NGF. Apart from that, S/00B mRNA level was
almost a hundred folds higher (p<0.01) than the controls and about 50 folds
higher than PDGF condition. Other mature neuron related genes (GAP43,
MASHI, MAP2 and NF-L) were expressed in terminally differentiated cells as
well. However, NF-L mRNA level of NGF condition was slightly
downregulating and significantly lower than that of NPC-EC. NI-hASCs
morphology under PDGF and normal NS-A condition were smaller with a
shorter axonal protrusion. A large number of glial-like cells could be observed
under PDGF condition (Fig. Se-f). Those populations were positive for glial
cells markers, GFAP (Fig. 5g) and Olig2 (Fig. 5h), and demonstrated
significant upregulating level of GFAP and CNPase (Fig. 50), suggesting that
those populations could be glial and oligo progenitor cells. The lack of MAP?2
and TUJI expression in PDGF condition also confirmed that these cells are
committed to glial lineage. Neuronal-like cells with a shorter neurite extension
in the normal NS-A condition were immunopositive for TUJ1 (Fig. 5k) but
not positive for GFAP (Fig. 51).

DISCUSSION

hASCs are considered as a promising tool in stem cell therapy due to
many features that triumph hMSCs from other sources (Safford and Rice
2005). hASCs from adipose tissue can be obtained easily with minimal
invasive procedure and high hASCs yield content (about 1x10° stem cells
from 10 ml of adipose tissue) (Mizuno 2010; Zuk 2010; Ra et al. 2011).
Furthermore, they also hold mesodermal and ectodermal differentiation
features. (Gronthos et al. 2001; Halvorsen et al. 2001; Sen et al. 2001;
Erickson et al. 2002; Safford et al. 2002; Zuk et al. 2002; Ashjian et al. 2003).
In the present study, isolated hASCs displayed distinctive mesenchymal stem
cell phenotypes and expressed stem cell markers reported in other human
MSC sources previously (Pittenger et al., 1999; Zuk et al., 2002; Gimble and
Guilak, 2003; Katz et al., 2005; Strem et al., 2005; Kocaoemer et al., 2007;
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Bieback et al., 2009). They are usually positive for surface markers CD9,
CD10, CD13, CD29, CD44, CD49d, CD49¢, CD54, CD55, CD59, CD73,
CD90, CD105, CD146, CDI166, and STRO-1, and are negative for
hematopoietic lineage markers CD11b, CD14, CD19, CD34, and CD45 (Zuk
et al., 2002; Strem et al., 2005; Wagner et al., 2005; Krampera et al., 2007;
Schaffler and Buchler, 2007; de Villiers et al., 2009) The hASCs in this study
expressed MSC-specific cell type markers including CD73, CD90, and
CD105, but did not express CD34 and CD45. They could also differentiate
into adipocytes, osteoblasts, and chondrocytes, indicating that hASCs were of
mesenchymal origin (Zuk et al., 2002; Casteilla and Dani, 2006).

Many studies demonstrated that hASCs could be successfully induced
to differentiate into neural cells (Zuk et al., 2002; Ashjian et al., 2003; Jang et
al., 2010; Kompisch et al., 2010; Zavan et al., 2013). Comparative studies of
ASCs and MSCs from other sources recommended that ASCs held a better
potential for neural differentiation (Kwon et al., 2011; Mostafavi et al., 2014).
Various protocols used to convert hASCs into neural cells include exposure
of butylated hydroxyanisole and dimethyl sulfoxide (Zuk et al. 2002; Safford
et al. 2002), a cocktail of butylated hydroxyanisole, insulin, hydrocortisone
and valproic acid (Saffford et al., 2002; Guilak et al. 2006) or a cocktail of
indomethacin, insulin and isobutylmethylxanthine (Ashijan et al., 2003;
Fujimura et al., 2005; Ning et al., 2006). Agents that increase intracellular
cAMP levels (Ashjian et al. 2003; De Ugarte et al. 2003), 5-azacytidine (Kang
et al., 2003; Lee et al., 2008), mitogen bFGF and EGF together with forskolin
(Nagase et al., 2007; Jang et al., 2010, Zavan et al., 2010; Razavi et al., 2012),
various glial growth factors (Kingham et al., 2007), and brain-derived
neurotrophic factor (BDNF) with retinoic acid (Anghileri et al., 2008) could
also induce neural differentiation of hASCs in vitro. NO signaling pathway is
one of the most studied and significant signaling pathways in many cells and
tissues, most particularly in nervous system. Many reports have found that NO
donor could convert many types of cell to neural-like cells (Feng et al., 2002;
Estephane and Anctil, 2009; Sulz et al., 2009; Li et al., 2010; Muller et al.,
2010). Those donors include sodium nitroprusside (SNP), S-nitroso-N-
acetylpenicillamine (SNAP), 8 bromo cyclic GMP (8Br-cGMP) and amino-3-
morpholinyl-1,2,3-oxadiazolium chloride (SIN-1). NO/cGMP signaling
pathway plays a vital role in neuronal cell survival and differentiation
(Contestabile and Ciani, 2004). Evidence demonstrated that combining RA
with NO donor could enhance cell proliferation and neural precursors
differentiation towards functional neurons (Estephane and Anctil, 2009; Li et
al., 2010). However, the only study using 8Br-cGMP to induce neural
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differentiation is found in H9 hESCs (Li et al., 2010). We demonstrate for the
first time that 8Br-cGMP could efficiently induce neural differentiation of
hASCs. Our results suggest that these neural progenitor cells obtained by our
protocol have been committed to neural cell lineages and could differentiate
toward neuronal and glial cells.

Undifferentiated hASCs showed positive expression of some neural
markers. Nestin and Sox2 are typically highly expressed in neural stem cells
and neural progenitors. hASCs in this study were weakly positive for Nestin,
Sox2 and TUJI. Previous reports on hASCs (Ashijan et al., 2003; Mareschi et
al., 2006; Jang et al., 2010; Zavan et al., 2010) and hMSCs from other sources
(Tondreau et al., 2004; Bertani et al., 2005; Croft and Przyborski, 2009;
Wetzig et al., 2013) both of rat and human showed positive expression for
these markers as well. Even though hASCs in this study also expressed TUJ1
which is the putative neuronal marker, Pontius et al. (2003) reported that TUJ1
expression could be broader distributed in non-neural tissue in human due to
transcriptional activity of the gene rubb3 (Pontius et al., 2003). Other evidence
reported that hASCs also expressed low levels of Fibronectin, MAP2, GFAP
and S100 (Bertani et al., 2005; Jang et al., 2010), indicating a native neural
differentiation potential of these cells. Surprisingly, in our study Nestin and
NF-L positive cells ratio in DMSO condition was significantly higher than
other controls. Other studies also found that DMSO treated cells were weakly
positive for neural markers (Lu et al., 2004; Neuhuber et al., 2004; Bertani et
al., 2005; Tao et al., 2005), but does not significantly change the levels of
neural-related markers already expressed by MSCs. The incidence might be
due to fast-onset cytoskeletal changes caused by cellular toxicity, not from
differentiation process.

After exposure to differentiation cocktail, NI-hASCs rapidly change
their morphology within a few days. The morphology and expression profile
are similar to those in previous reports (Zuk et al. 2002; AshiJan et al., 2003;
Jang et al., 2010; Kompisch et al. 2010; Zavan et al., 2010). Then,
differentiated cells population was increased overtime, but started to decrease
at d14. Apoptosis of undifferentiated cells might be induced as reported in the
previous study of neural differentiation in hMSCs (Sanchez-Ramos et al.,
2000; Sanchez-Ramos, 2002; Jin et al., 2003; Padovan et al., 2003; Wislet-
Gendebien et al., 2003; Zuk et al., 2003; Hermann et al., 2004; Kang et al.,
2004; Wislet-Gendebien et al., 2005;). Our results suggest that induction
within a week is the most suitable time. 10uM 8Br-cGMP NI-hASCs
expressed increasing immunoreactivities for neuronal markers Sox2, Tuj1 and
NF-L as well as the increased mRNA expression of TUJI, MAP2, NF-L,
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MASHI, GAP43 compared to primary hASCs. MAP2 and TUJI mRNA
expression is not significantly different from NPC-EC, the positive control in
this study, suggesting that 10uM 8Br-cGMP NI-hASCs possess
characteristics of neuronal-like cells. SOX2 mRNA level of each condition
was not significantly different; still the highest expression level was of 10uM
8Br-cGMP treated group. SOX2 is neural stem cells and pluripotent markers.
The upregulation of SOX2 could affect the pluripotency of stem cells,
stimulate differentiation to the ectoderm lineage, and improve induction
efficiency (Thomson et al., 2011; Wang et al., 2012). Therefore, SOX2
upregulation in each condition suggested that each condition was under the
stage of differentiation. The significant upregulating of TUJI, MAP2, NF-L,
MASHI, GAP43 mRNA levels are associated with neuronal maturation and
neurite outgrowth. Among those genes, the relationship between cGMP
pathway and GAP43 expression has been demonstrated, as 8Br-cGMP fully
prevented GAP43 and synapsin I reduction in cells that were depleted neurite
outgrown related gene. They suggested that their regulation levels are cGMP
independent (Chen et al., 2004; Lopez-Jiménez et al., 2009). GAP43 is an
integral membrane protein associated with the cytoplasmic surface of axonal
growth cones in developing neurons, and it is generally considered as an
intrinsic determinant of neurite outgrowth and plasticity (Skene, 1989; Lalli
et al., 2005). When this gene is altered, neurite outgrowth and axonal
pathfinding are affected both during development and in cultured cells. The
significance uprising of this mRNA level in 10uM 8Br-cGMP is consistent
with the highest total length of neurite (Fig 3.12C) and significant highest
number of neurite (Fig 3.12D). Even though most of neural markers were
suppressed and significantly lower in 100uM 8Br-cGMP, about 20% of TUJ1"
NI-hASCs with slightly lower total neurite length existed. The underlying
mechanism could be involved with the activity of RhoA and GTPase
controlled by c¢GMP/cGK signaling in cell shape control and neurite
outgrowth (Sauzeau et al., 2003).

Inducing environment might be favorable for neuronal differentiation
as the role of bFGF in neural regulation is to generate neural precursor cells
with a greater capacity for neuronal differentiation whereas EGF and specific
neurotrophic factor are reported to restrict astrocyte lineages (Romero-Ramos
et al., 2002; Schultz and Lucas, 2006; Xu et al., 2008, 2009). A combination
of Noggin and SB431542, BMP and activin/nodal signaling inhibitor used to
efficiently convert hESCs and iPS cells to neural cells, may force hASCs to
commit under neuroectodermal lineage (Pera et al., 2004; Chiba et al., 2008;
Chambers et al., 2009). Our results suggest that laminin combined with 8br-
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cGMP at a certain amount could enhance neurite outgrowth as laminin has
differential action in the proliferation, survival, and differentiation of cultured
neuronal cells (Romero-Ramos et al., 2002; Schultz and Lucas, 2006).
Mruthyunjaya et al (2010) reported that laminin also stimulates neurite
outgrowth and upregulates NF-L, MAP2 and NeuroDI mRNA level in
hBMSCs (Mruthyunjaya et al., 2011). Our experiment demonstrated
consistent results as GAP43, NF-L, MAP2 and TUJI mRNA level,
immunoprofile and neurite assay results of 10uM 8Br-cGMP are significantly
higher than any other groups. Retinoic acid (RA) supports cell proliferation,
differentiation and maturation in brain development. RA may cause high NF-
L positive expression of NI-hASCs as previous report showed that RA acts on
the up-regulation of NF-L expression in MSCs derived from the umbilical
cord blood and from bone marrow (Scintu et al., 2006). The presence of serum
in the medium is reported to be essential for glial gene expression in MSCs
(Chu et al.,2006). Our NI-hASCs were induced under serum-free medium
which might explain the absence of the glial markers and suggest that the
medium might be favorable for cells to differentiate towards neuronal lineage.

Even though gqPCR profiles of NI-hASCs seem to commit to be
neurons, they could also differentiate to neuronal and glial cells when cultured
under standard NeuroCult™ NS-A Differentiation Kit. NI-hASCs under NGF
differentiation medium could form synapse structure (Fig. 5a-b) and are
positive for ChAT, a cholinergic neuronal marker. gqPCR results suggested that
differentiated NI-hASCs are in their maturation process as S7/00B plays a vital
role in neurite extension and axon proliferation. TUJI and MAP2 are markers
exclusively expressed in immature neuron and mature postmitotic neurons,
respectively. However, no electrophysiological test was performed to validate
their functional property. Other glial populations were found under PDGF
condition as they were positive for olig2 and GFAP. The lack of TUJI and
MAP?2 and significant GFAP and CNPase mRNA levels confirm that they are
committed to glial lineage. Thus, we successfully convert hASCs to neuronal
and glial cells but further investigation is required on their functional
properties.

CONCLUSION

NI- hASCs under 10uM 8Br- cGMP treatment display neuronal-
committed progenitor profiles, yet remains their plasticity toward other neural
fates. They could differentiate toward cholinergic neurons and oligoglial cell
upon induction in defined medium. The findings of this study were to provide
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an efficient alternative way of differentiating hASCs into neural progenitor
cells which could be beneficial for basic and clinical research in cell-based
therapy in the future.
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