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Human umbilical cord mesenchymal stem cells express cholinergic
neuron markers during co-culture with amniotic membrane cells and
retinoic acid induction
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Abstract

Background: A wide variety of cytokines are released from human amniotic membrane cells (hAMCs), which can increase the rate
of differentiation of mesenchymal stem cells into the neurons. We studied the effect of Retinoic Acid (RA) on the differentiation rate
of human Umbilical Cord Mesenchymal Stem Cells (WUMSCs) which were co-cultured with hAMCs.

Methods: In this experimental study, both hUMSCs and hAMCs were isolated from postpartum human umbilical cords and placenta
respectively. The expression of mesenchymal (CD73, CD90 and CD105), hematopoietic and endothelial (CD34 and CD45) markers in
hUMSCs were confirmed by flow cytometry. The hUMSCs were cultured in four distinct groups: group 1) Control, group 2) Co-
culture with hAMCs, group 3) RA treatment and group 4) Co-culture with hAMCs treated by RA. Twelve days after culturing, the
expression of NSE, MAP2 and ChAT differentiation genes and their related proteins were examined by real-time PCR and
immunocytochemistry respectively.

Results: The flow-cytometry analysis indicated increased expression of mesenchymal markers and a low expression of both
hematopoietic and endothelial markers (CD73:98.24%, CD90: 97.32%, CD105: 90.75%, CD34: 2.96%., and CD45:1.74%). Moreover,
the expression of both NSE and MAP2 markers was increased significantly in all studied groups in comparison to the control group
On the other hand, the expression of ChAT had a significant increase in the group 2 and 4 (RA and RA+ co-culture).

Conclusion: RA can be used as an effective inducer to differentiate hUMSCs into cholinergic-like cells, and hAMCs could increase
the number of differentiated cells as an effective factor.
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In this study, umbilical cord stem cells under RA induction and
during amniotic cell co-culture showed a significant increase in
the expression of NSE and MAP2 neuronal markers in all
groups compared to the control group. While in the expression
of the specific marker of cholinergic neurons, ChAT in the co-
culture group, in addition to retinoic acid, also had a significant
increase.
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Introduction

Nowadays, regenerative medicine researchers are trying
to have exploited the potential of stem cells to treat
various neurodegenerative diseases. The underlying
treatment base was to compensate for tissue defects in
various disease s such as neurodegenerative diseases (1,
2). Since effective treatment does not exist for the diseases
and stem cell therapy opens a new window for the
treatment of neurodegenerative diseases.

Neural stem cells (NSCs) are the cells located in sub-
ventricular zone, sub-granular zone, olfactory bulb and
hypothalamus (3, 4), with a capability of differentiation
into neurons, astrocytes and oligodendrocytes (5).
However, there are technical and ethical obstacles that
have limited the NSCs isolation. Therefore, mesenchymal
stem cells are suitable candidates for stem cells that can be
obtained from bone marrow, adipose tissue, and umbilical
cord (UC). Human umbilical cord mesenchymal stem
cells (hUMSCs) are a young population of stem cells with
the ability to differentiation into various cell lineages
including mesodermal (osteoblast, adipocyte,
chondrocyte), endodermal ( hepatocyte and pancreatic
cells) and ectodermal cells (neuron, glial and epidermal
cells) (6, 7). In addition, they lack the expression of HLA
IT and do not stimulate immune system response. Despite
the low expression of pluripotency factors such as OCT4,
Nanog, SOX2, TRA 1-60, TRA 1-81, SSEA4 and
embryonic surface antigen marker, these cells may not
induce teratoma formation in mice with immune
deficiency but they express mesenchymal markers like
CD90, CD73 and CD105 but lack of hematopoietic and
endothelial markers (8-11).

Amniotic membrane (AM), the innermost layer of the
placenta, with a thin and avascular membrane that is
composed of amniotic epithelial cells and amniotic
mesenchymal stem cells (12, 13). These cells secret
various cytokines such as VEGF, HGF, EGF, KGF, TGF-
b, NT-3, NGF, BDNF, and bFGF that play an important
role in plasticity and neural differentiation (14-16).

Retinoic acid (RA) is one of the derivatives of vitamin
A that plays a crucial role in embryogenesis, such as the
normal growth and evolution and differentiation of cells
into neurons in different tissues, especially in the central
nervous system. Furthermore, RA has an important task in
adult stem cell proliferation and regeneration as well as
axon healing after neural injury (17, 18). On the other
hand, it can be lethal and toxic to the cells in higher
concentrations. However, the medium of the co-culture
system has some growth factors that can reduce the level
of toxicity (19).

In this study, we investigated the effect of co-culturing
hAMCs with RA on the differentiation of hUMSCs into
the cholinergic-like cells by indirect co-culture.

Methods
Isolation of hUMSCs
In this experimental study, after receiving parental
consent and evaluation of the babies in terms of AIDS and
Hepatitis, three fresh human umbilical cords were
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collected from full-term births with cesarean delivery and
placed in Hank's Balanced Salt Solution and immediately
transferred to the laboratory. Tissues were washed using
sterile PBS with 1% Penicillin-Streptomycin (P/S) [Gibco,
Waltham, USA] and cut to 3 to 5 cm pieces. After
removing vessels, the jelly-like tissue was cut into small
pieces, transferred to a T25 cell flask and cultured with
DMEM-F12 with 10% FBS (Medium) [Gibco, Waltham,
USA]. Tissue species were harvested after the formation
of the first mesenchymal cells colony within 10-20 days.
(This study was conducted with code of ethics No.
IR.IUMS.REC. 1395.27942.)

Isolation of AM Cells

Three fresh placentas were transferred to molecular and
cellular research center. AM was detached from the
chorionic membrane and placed in a sterile petri dish and
cut into small pieces and then blood and clots were
removed and washed off with sterile PBS and 1% (P/S).
Enzymatic digestion was performed initially with 1%
Collagenase type I [Gibco, Waltham, USA] to isolate
amniotic mesenchymal stem cells through incubation at
37°C and 5% Co2 for 1 hour. This followed by second
digestion to isolate amniotic epithelial cells using 0.25%
trypsin EDTA [Gibco, Waltham, USA] and incubated
again for two minutes (20). The enzymatic process was
neutralized by the addition of a culture medium. The
resulted pieces were removed from the tube and
centrifuged at 1200 rpm for Smin at room temperature.
The supernatant was discarded and cell pellets
resuspended by fresh medium and transferred to T25 cell
culture flask for culturing purpose.

Cell culture

Both hUMSCs and hAMCs were cultured in the
appropriate medium. The cells were incubated at 37 °C in
5% Co2 gas and then harvested with 0.25% Trypsin-
EDTA after confluency of 70-80%.

Flow cytometry analysis

Flow cytometry was used for the characterization of
hUMSCs. First, cells were detached by Trypsin-EDTA
0.25% in the third passage and centrifuged at 1200 rpm
for 5min. Then, 10° cells were resuspended in PBS and
incubated with monoclonal antibodies against CD-34PE,
CD45-FITC, CD73-PE, CDI105-FITC and CD90-FITC
markers[Abcam, Cambridge, United Kingdom] for 20 min
at room temperature. Isotype antibodies conjugated to
FITC or PE were used for cell surface staining. Finally,
the cells were fixed with 1% paraformaldehyde solution
(PFA) and analyzed by Flomax software.

Feeder cells culture

The proliferation of hAMCs, were inactivated in
passages 3 using Mitomycin-C as described (6). To
provide an indirect co-culture system, hAMCs were
dissociated by trypsin-EDTA 0.25% and seeded on
Thinsert with 0.4p pores (Greiner, Kremsmiinster,



MR. Kouchakian, et al.

Austria) using DMEM-F12 medium with 5% FBS.

Differentiation process hUMSCs were also dissociated
by Trypsin-EDTA 0.25% after third passages and seeded
in 6 well plate and cultured with the medium. hUMSCs
were set in four groups including group 1, control group,
group 2, treated by RA, group 3, co-culture with hAMCs
and group 4, hUMSCs treated by RA and co-cultured with
hAMCs. In order to differentiate, the cells were cultured
in DMEM-F12 and 5% FBS for 12 days. To establish a
co-culture system, inserts containing hAMCs were placed
on 6 well plates that contained hUMSCs, and intreated
groups, cells were treated with 1pM/ml RA.

Immunocytochemistry analysis

12 days after treatment with RA or co-culture, hUMSCs
were rinsed with PBS and fixed in 4% PFA for 10 min at
room temperature.

In order to accomplish permeabilization, cells were
washed with PBS 3 times and incubated in 0.1% Triton X-
100 [Sigma, Missouri, United States] for 10 min. For
blocking non-specific binding sites, cells were incubated
in blocking solution, including PBS with 5% goat serum
for 45 min at room temperature. Afterward, cells were
incubated with anti-NSE, anti-MAP2, and anti-ChAT
antibodies [Abcam, Cambridge, United Kingdom]
overnight at 4°C, followed by incubation with Goat Anti-
Rabbit FITC [Abcam, Cambridge, United Kingdom] in
PBS with 1% FBS for 1 hour at room temperature. For
crosslinking antigen/antibody complexes, cells were
washed with PBS and fixed with 4% PFA for 5 min.
Finally, cell nuclei were counter-stained with Propidium
iodide (PI) [Sigma, Missouri, United States] for three
minutes and examined under a fluorescent microscope
(Olympus, IX71).

Real-time PCR analysis
RNA isolation was done by RNeasy mini kit [Qiagen,

Hilden, Germany] according to its handbook instruction.
RNA purity and concentration were determined by the
spectrophotometric method (Thermo fisher one plus, life
science). The cDNA synthesis was made by QuantiNova
Reverse Transcription Kit [Qiagen, Hilden, Germany]
according to the instructions. cDNA concentration and
purity were determined by the spectrophotometric method.
Genes expression were evaluated by primers including
MAP2 (forward 5' GGAACCAACTCTCTCTGGATTT
3'- reverse 5' GCATTCTCTCTTCAGCCTTCT 3'), NSE
(forward 5' GGACTATCCTGTGGTCTCC 3'- reverse 5'
CTACATTGGCTGTGAACTTG 3') ChAT (forward 5'
CCACTCCATTCCCACTGACT  3-  reverse 5
GAGTGAACAGATCCCCCTCA 3" and B-ACTIN
(forward 5' TCCCTGGAGAAGAGCTACG 3'-reverse 5'
GTAGTTTCGTGGATGCCACA 3"). To quantify the
gene expressions, real-time PCR reaction was prepared by
combined forward primer (0.5 pl), reverse primer (0.5 pl),
cDNA template (1 pl), Sybergreen (5 pl) [Takara, Japan]
and RNase free water (3 pl). Real-time PCR parameters
were set for 10 min at 94°C and 40 cycles of 94°C for 5
seconds and 58°C for 30 seconds using a Rotor-gene Q
instrument. Relative expressions of target genes were
calculated using the AACt method.

Statistical analysis

Data presented in this study had mean + standard
deviation. Results for between-group comparison were
tested with an independent t-test and one-way ANOVA. A
p<0.05 was considered statistically significant.

Results

Cells morphology

Cell colonies were observed in flasks 20 days after
cultivation. Morphologically, hUMSCs had fibroblastic
phenotype and revealed spindle shape with both long and
short cell processes (Fig. 1).

Fig. 1. hUMSCs morphology by invert microscopy. The proliferative state [Scale Bar 100 pm] (A) and confluent state in the third passage [Scale
Bar 20 um] (B). hUMSC:s have spindle-like shape with long and short process.
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Flow cytometry findings

hUMSCs were assessed by the flowcytometry method.
Expression of mesenchymal markers for CD73, CD90 and
CD105 was 98.24%, 97.32% and 90.75%, respectively.
While the cells expressed 2.96% and 1.74% of
hematopoietic and endothelial markers (CD34 and CD45)
respectively (Fig. 2), these results indicated that hUMSCs
formed a high population of mesenchymal stem cells.

Real-time PCR analysis for gene expression

Real-time PCR measured the expression of neural genes
including NSE, MAP2, and ChAT in treated cells and the
results were compared with the control group. In group 3
(co-culture), the expression of NSE (3.15) and MAP2

(3.83) significantly increased (p<0.01), while the expres-
sion of ChAT (1.16) did not change significantly. Moreo-
ver, in group 2 (RA), the expression of NSE, MAP2 and
ChAT were 2.47, 4.25 and 3.50 respectively indicated a
significant increase in all three groups of treatment com-
pare to the control group (p<0.05). In both groups 2 and 3
(RA and co-culture), there was also a significant increase
in expression of NSE, MAP2 and ChAT in comparison to
the control group (p<<0.001 for MAP2, NSE and p<0.01
for ChAT). Nonetheless, ChAT expression increased sig-
nificantly in group 2 and 4 (RA group and RA+ co-culture
group) while in group 3 (co-culture), the expression quan-
tity of ChAT had no significant increase in contrast to the
control group (Fig. 3).
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Fig. 2. hUMSCs isolation and characterization: Flowcytometry analysis of surface markers showed that hUMSCs express
high level (positive) of CD90 &CD73 and low level (negative) of CD34 & CD45.
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Fig. 3. Real-Time PCR results indicating the expression of neural markers by using RA and co-culturing with hAMCs. The expression of MAP2
and NSE markers increased significantly compared to the control group. Each point explains Mean + S.E.M. (*, ** and *** indicates P- values
0.02, 0.044 and 0.041 + SD, respectively. ¢, ¢, *s* shows P- values 0.05, 0.038 and 0.034 + SD, respectively). ChAT expression did not change
significantly in co-culture group comparing to the control group (P- value=0.808 + SD) while it increased significantly in RA group and RA & Co-
culture groups in comparison with control group (# indicates P-value= 0.04 = SD and ## shows P- value= 0.027 + SD).
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Immunocytochemistry differentiation analysis

The in vitro neural differentiation of hUMSCs was as-
sessed by immunocytochemistry analysis, indicated the
presence of NSE and MAP?2 in all treated groups, while
ChAT expression was seen in group 2 and 4 (RA group
and RA+ co-culture group), but no expression found in
co-culture group (Fig. 4).

Discussion

After the discovery of stem cells, scientists have been
tempted to use stem cells to pave the way for the treatment
of neurodegenerative diseases (21, 22). Among different
types of stem cells, human umbilical cord mesenchymal
stem cells have been established to be a superior option to
be used in regenerative medicine and cell therapy owing
to its non-invasiveness, high proliferation rate and differ-
entiation capacity as well as ability to differentiate into
different cell lines (23).

Nevertheless, the differentiation capacity of these cells
to various types of neuronal cells has been proved, and it
is shown to be effective for recovering the tissue damage
in the nervous system (24). A variety of techniques e. g.
using inducers, cytokines, co-culturing, and genetic meth-
ods, have been used to differentiate stem cells into neu-
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rons.

Studies show that RA, as a specific ligand for the retin-
oic acid receptor (RAR), has many functions, including
the development of the nervous system (due to character-
istic neuronal differentiation), axonal growth, protection
of adult neurons and neural stem cells (18). Thus it has
been applied alone or in combination with other inducing
agents to differentiate various types of stem cells into neu-
rons (25-27). Javeri et al. (2014) showed that the effect of
RA treatment on neural differentiation in rat adipocyte
mesenchymal stem cells during two weeks of cultivation.
Although 1 uM/ml of RA did not change the expression of
the NSE gene (Neural Specific Enolase) significantly, the
expression level increased by 1.5 fold with 0.1 and
0.01pM/ml. On the other hand, no change in the expres-
sion of ChAT gene was observed in any of the groups
(28). In our study addition of 1 uM/ml of RA to the cul-
ture medium increased the expression of NSE and ChAT
by 2.5 and 3 fold, respectively. This could be explained by
the difference in cell types and possibly the higher ability
of the hUMSCs for differentiating into the neurons (29).
The higher amounts of RA can reduce the cellular life
while in low concentrations can improve the survival of
differentiating stem cells (24). In another study conducted

L —

Fig. 4. Immunocytochemistry of neural markers in human umbilical cord mesenchymal stem cells after 12 days’ treatment in different experimental
groups including: Control group (A: NSE, B: MAP2, C: ChAT), Retinoic Acid group (D: NSE, E: MAP2, F: ChAT), Co-culture group (G: NSE, H:
MAP2, I: ChAT) and Retinoic Acid with Co-culture (J: NSE, K: MAP2, L: ChAT). Green colors indicate the expression of neural protein markers
such as NSE, MAP2 and ChAT that defined by red arrows. Nuclei were stained with PI and presented in red color (Scale Bar: 20um).
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by Marei et al. (2018) it was revealed that 10 uM/ml RA
could increase ChAT expression by twofold in adipose-
derived stem cells (30). Whereas, in present study we
showed that 1 pM/ml not only increased the expression of
both NSE and MAP2 in hUMSCs but also increase the
expression of ChAT (Cholinergic Neuron marker) com-
pared to the control group.

The results of this study are compatible with Hynek
Wichterle's theory, which depicted the role of RA in en-
hancing motor neurons and causing differentiation in a
variety of motor neuron cells (31). Most of the scientists
used retinoic acid as an effective inducer, while we
achieved better results by using lower doses of retinoic
acid due to the use of high potential hUMSCs. Previous
studies found that AM consists of epithelial and mesen-
chymal stem cells and the membrane used as a biological
scaffold to improve burns and corneal ulcers.

Mesenchymal stem cells of AM express various cyto-
kines and growth factors, including EGF, TGF-p, KGF,
HGF, bFGF, VEGF and TGF-a. Likewise, the epithelial
cells of the amniotic membrane secrete some other ele-
ments like NGF, BDNF and NT-3. In addition, factors
secreted by adjacent cells can affect the fate of the stem
cells. The co-culture system can create a cross-link be-
tween two groups of cells (32) and make a dynamic niche
that could be superior to the exogenous use of cytokines.
Jing et al. (2010) showed that the co-culture of mesen-
chymal stem cells with hematopoietic stem cells could
increase the level of hematopoietic cell proliferation com-
pared to the state in which the soluble cytokines added
exogenously (33). Some investigations have used the ca-
pacity of factors produced by amniotic and chorionic
membrane cells to differentiate hUMSCs into germ-like
cells (6, 20). Asgari et al. showed that co-culture of
hUMSCs with placenta cells could increase the expression
of OCT4 and DDX4 genes, which indicated the differenti-
ation of hUMSCs into germ-like cells (6). Moreover, AM
cells secrete factors such as BDNF, VEGF, HGF, KGF,
NT-3, NGF and TGF B, which play an important role in
proliferation, differentiation, plasticity and synapses for-
mation in neurons (34). That’s why we used the AM cells
for induction of umbilical cord mesenchymal stem cells
into neural cells in a co-culture system.

In another experiment, the expression of NSE increased
after using bone marrow mesenchymal stem cells along-
side growth factors like EGF, HGF and VEGF, while
Map2 expression did not alter significantly (35). But in
the current study, the expression of both NSE and MAP2
were tripled by co-culturing with AM cells.

The difference in expression of above-mentioned genes
can be attributed to two factors: First, the variation in cell
type and second, using a co-culture system that causes
dynamic secretion of growth factors such as EGF, VEGF
and HGF in the culture medium along with other factors
that regularly produced in the medium by feeder cells.

On the other hand, dynamic secretion of neuronal
growth factors by amniotic membrane cells can simulta-
neously affect the cells and increase the level of differen-
tiation and expression for MAP2 and NSE genes.

One of the characteristics that distinguish our study is
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using the proper amount of RA as well as natural inducer
and growth factors released by AM cells during the neu-
ronal differentiation process.

In group 4 (RA+ co-culture), the increase in the expres-
sion of NSE and MAP2 was quite evident. RA is known
as a neuronal pathway inducer, and the presence of RA
receptor alpha (RARa) (36) has been proved to play a
major role in neuronal differentiation in mesenchymal
stem cells through alteration in proliferation pathway (37).

Li et al. found that RA could be used as a pre-inducer
for the differentiation of mesenchymal stem cells. They
revealed that concurrent use of RA combined with modi-
fied neuronal medium could increase the differentiation
and expression level of both NSE and MAP2 genes in
mesenchymal stem cells compared to the modified neural
medium alone (36). The results of other research demon-
strated that the expression level of NSE increased in the
co-culture group of embryonic stem cells with RA, while
there was no change in the expression level of ChAT.

Evidently the results of the above studies are consistent
with the present study, and in all of them, retinoic acid has
been used as a inducer in to neurons, but in this study, an
attempt has been made to express more markers with low-
er doses of acid.

Our Q-PCR data showed that interaction of RA with
AM cells could significantly enhance the expression of
NSE, MAP2 and ChAT genes. Nonetheless the expression
level of ChAT in the group 4 (RA+ co-culture) was higher
than both the group 2 and 3 (RA and co-culture groups)
alone. Our findings also suggested that co-culturing with
AM cells might augment the effect of RA and enhance the
optimal expression of neuronal markers.

Conclusion

Our results demonstrated that hUMSCs can express
cholinergic-like cell markers by using co-culture with AM
cells and RA as inducer. Using RA and a co-culture sys-
tem with AM cells can provide proper microenvironment
for expression of specific markers and induction of hUM-
SCs into cholinergic-like cells. Further studies needed to
obtain functional cholinergic neurons.
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