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Retinoic acid induced the differentiation of neural
stem cells from embryonic spinal cord

into functional neurons in vitro
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Abstract: Retinoic acid is an important molecular taking part in the development and homeostasis of nervous
system. Neural stem cells (NSCs) are pluripotent cells that can differentiate into three main neural cells including
neuron, astrocyte and oligodendrocyte. However, whether retinoic acid can induce NSCs derived from embryonic
spinal cord differentiating into functional neurons and its efficiency are not clear. In this experiment, NSCs were
isolated from embryonic 14 d spinal cord of rats. The growth and neuronal differentiation of NSCs induced by 500
nM RA was examined in vitro. It was indicated that compared with the control group, there were more differentiated
cells with longer cytodendrites in the medium treated with RA at different time. And more, there were more neuronal
marker positive cells in 500 nM RA group than the control group seven days after differentiation. At the same time,
the expression of B-tublin Ill protein in RA group was higher than those in control group, which was contrary to the
expression of astrocyte marker GFAP protein at seven days after differentiation. However the differentiated neurons,
whether treated with RA or not both exhibited biological electrical reactivity after stimulated by glutamine. Therefore,
these findings indicated that RA could promote growth of cellular dendrites and neuronal differentiation of NSCs,
which also induce functional maturation of differentiated neurons finally.
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Introduction

Neural stem cells (NSCs) have the ability to self-
renew and differentiate into different types of
neural cells, which exhibited a new field for the
research of central nervous system. Up to now
the mechanism and its signal pathways for reg-
ulating NSCs in vitro have attracted wide in-
terests of researchers. In addition, the distinct
differentiation of NSCs has also raised the pos-
sibility that it may provide a novel source of
neural cells for nervous tissue replacement or
repair after injury [1, 2].

Previous studies have reported that the behav-
ior of NSCs was regulated by both intrinsic char-
acteristics and extrinsic signals originating
from the external environment. It was identified
that signals from cell-cell contact can also re-
gulate the multi-potential of NSCs. For exam-
ple, protoplasmic astrocytes and amnionic cells

can promote NSCs differentiating into neurons
under co-culture conditions. Alternatively, epi-
dermal growth factor (EGF) and basic fibroblast
growth factor (bFGF) have been shown to
induce the proliferation of NSCs in culture [3,
4]. In addition, neurotrophic factors such as
neurotrophin-3 (NT-3) and brain-derived neuro-
trophic factor (BDNF) have also been reported
to be important factors determining the sub-
type of differentiating NSCs [5-8].

Retinoic acid (RA) is a key regulator during
embryonic patterning and development. Ef-
fective effect of RA is dependent on certain
concentration in medium, among which, over
1500 nM RA in cultured medium will lead to the
death of embryonic cells. It has been reported
that during the development of nervous system,
neurons can acquire axonal, dendritic polarity
and form functional synapses through supple-
menting 500 nM RA [9, 10]. However, the same
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Figure 1. The growth and differentiation of NSCs cultured in different media at 1, 3, 7 days in vitro. A. Growth and
differentiation of NSCs cultured in NB+B27+2% FBS medium at 1, 3 and 7 days. B. Growth and differentiation of
NSCs cultured in NB+B27+2% FBS+500 nM medium at 1, 3 and 7 days. (Scale bar=80 um).

concentration RA on the growth and function of
differentiated neurons from NSCs of spinal
cord and its potential mechanism is not clear.
In this manuscript, the effects and mechanism
of 500 nM RA on differentiation and synapses
growth of NSC from embryonic spinal cord were
investigated.

Materials and methods
Cell preparation

All experiments were approved by the animal
care and experimental committee of the Third
Medical Military University. Primary culture of
NSCs was prepared from embryos (E14) of
Wistar rats as described previously [11]. Briefly,
the spinal cord tissue was rapidly dissected
and placed into 3 ml tubes containing 0.25%
trypsin. The tissue was then mechanically dis-
sociated into single-cell suspension. Cell num-
ber and viability were assessed by staining with
0.4% trypan blue. Single-cell suspension was
then transferred to growth medium consisting
of NB+2% B27 supplemented with 20 ng/ml
human recombinant basic fibroblast growth
factor (bFGF, Gibico Invitrogen, USA), 20 ng/ml
of epidermal growth factor (EGF, Gibico
Invitrogen, USA) at 1x10° cells/ml. The cells
were plated into culture flasks and maintained
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under a humidified atmosphere of 5% CO, in air
at 37°C. After 5 days in vitro, the neurospheres
were dissociated into single-cell suspension
and seeded onto 96-well plates at 1-2 cells per
well. The neurosphere subcultures were digest-
ed and another passage was performed as
before. The cell passage protocol was perfor-
med every 6 days to obtain neurospheres origi-
nating from a single primary cell. Secondary or
tertiary neurospheres were used for subse-
quent experiments.

To examine the effect of RA, NSCs were divided
into two groups: NSCs cultured in NB+2%
B27+2% FBS medium during differentiation
were regarded as control group. In RA group,
the NSCs were maintained in NB+2% B27+2%
FBS+500 nM RA medium during differentiation
with medium exchanged every 3 days. On 7
days post-differentiation, the differentiated ce-
lIs from NSCs in two groups were fixed and
immunochemically stained with specific mark-
ers of neuron and astrocyte.

Immunocytochemical identification of differen-
tiated neural cells

The differentiated cells from NSCs were char-

acterized by certain antibodies, including rabbit
anti-rat glial fibrillary acidic protein (GFAP; IgG,
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RA can promote the neuronal differentiation of neural stem cells

A ut GFAP

NB+B27+2%FBS |

NB+B27+
2%FBS+RA

DAPI

< 100 -

B

(@]

(%)

Z 80 - *

E 1

=]

2 }

e

=1

o

O 40

=

o

o

S 20 -

c

o

€

(m]
NB+B27+2%FBS+RA NB+B27+2%FBS

Figure 2. Identification and quantification of differentiated neural cells cultured in different media 7 days in vitro.
A. Immunocytochemical staining of differentiated neural cells in two culture media. B-tubulin Il staining (green)
indicates neurons; GFAP staining (red) indicates astrocytes. The nuclei were counterstained with DAPI (blue). (Scale
bar=75 um). B. Quantification of differentiated neurons in two culture media. *P<0.05 indicates statistical signifi-

cance compared with the NB+B27+2% FBS group.

1:400; Sigma-Aldrich, USA) which is a specific
marker for astrocyte, and the specific neuronal
cell marker: mouse anti-rat B-tubulin lll antibod-
ies (1:800; IgG, Sigma-Aldrich, USA). Typical
immunocytochemical procedures were applied
for identification the differentiated cells [7, 8].
Briefly, the cells were fixed with 4% paraformal-
dehyde for 30 min in PBS, then permeabilized
with 0.3% Triton X-100 for 20 min, and blocked
with 5% normal goat serum. Subsequently, the
cells were incubated with the above two pri-
mary antibodies overnight at 4°C, then incu-
bated with tetramethylrhodamine isothiocya-
nate (TRITC)-conjugated goat anti-rabbit and
fluorescein isothiocyanate (FITC)-conjugated
goat anti-mouse secondary antibodies (1:100;
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Chemicon, MA, USA) for 1 h at 37°C. Finally, the
cells were counterstained with 300 nM of
4-6-diamidino-2-phenylindole  dihydrochloride
(DAPI; Sigma-Aldrich) for 3 min. Labeled cells
were scanned with a Leica confocal microscope
(SP-2, Leica, Germany). For negative controls,
the cells were processed by the same immuno-
fluorescent staining technique, but with omis-
sion of the primary antibodies.

Western blotting analysis
Total cell lysates were prepared by re-suspend-
ing 1x10° cells in 100 pl Gel Sample Buffer

(62.5 mM Tris-HCI, 10% glycerol, 5% 2-mercap-
toethanol, 2% SDS and 0.025% bromophenol
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Figure 3. Western blotting analysis of B-tubulin Ill and GFAP protein in differentiated cells cultured with different
media at 1, 3, 7 days in vitro. A. Western blotting showing the relative amount of B-tubulin Ill protein in two groups. B.
Western blotting showing the relative amount of GFAP protein in two groups. B-actin was used to control for loading.
Data represent mean + SD of three independent experiments. *P<0.05 indicates statistical significance compared

with the NB+B27+2% FBS group.

blue) and boiled for 5 min. Protein samples
were run on polyacrylamide resolving gel (10%)
and transferred onto a nitrocellulose mem-
brane by electro-blotting at a constant current
of 250 mA. Immunoblotting was performed by
incubating the membrane overnight (4-C) with
the primary antibodies: mouse anti-rat B-tubulin
Il (1:1000; Sigma-Aldrich), rabbit anti-rat GFAP
(1:400; Sigma-Aldrich) respectively and detect-
ed using HRP-conjugated secondary antibody.
Protein bands were visualized by an enhanced
chemical luminescent detection system (Mil-
lipore) [9]. The data were normalized by running
parallel Western blots with B-actin as an inter-
nal control. The optical density was quantified
by the Image-Pro Plus 6.0 software. Separate
experiments were conducted three times.

Calcium activity in differentiated neurons

The differentiated neural cells in two groups
were incubated with 5 nM Fura-3-AM in Ca?*-
free D-Hanks medium for 30 minutes. After
washed with 0.1 M PBS for three times, the
medium was replaced with NB+2% B27 medi-
um again. Then the differentiated neurons were
observed timely with laser con-focal scanning
microscope at xyt model to examine the chang-
es of free Ca?" concentration in differentiated
neurons stimulated by 1000 nM glutamine [8].

Statistical analysis

The percentage of positive cells in relation to
the total cells was determined in 5 random
fields under a 40x objective for each group in
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five independent experiments. All data were
presented as mean + SD. Statistical analysis of
data was performed by a one-way analysis of
variance (ANOVA). P<0.05 was considered to
be statistically significant.

Results

Differentiation of NSCs under different cul-
tured conditions

On the second day after plating, the NSCs cul-
tured in RA medium began to adhere to the bot-
tom of culture dishes and grew out thin and
short cytodendrites. After three days, the dif-
ferentiated cells that migrated away from the
spheres exhibited morphological characteris-
tics of neurons, including spherical and refrac-
tile cell bodies with neurite-like processes
(Figure 1). Seven days after differentiation, a
large percent of cells had thin and long cyto-
dendrites and the cytodendrites began to form
connections with each other. In fact, these cells
were B-tubulin [l immuno-reactive positive neu-
rons and were more abundant in RA culture
medium than those in the control media.

To confirm differentiated cells from NSCs in the
two cultured conditions, specific markers for
astrocyte and neuron were applied for immu-
no-fluorescent staining (Figure 2A). The results
indicated that 7 days after differentiation,
T4%+2.37 of differentiated cells in RA culture
media expressed the neuronal specific mar-
ker B-tubulin 1ll, which was significantly greater
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Figure 4. The changes of free calcium ions in cytoplasma of differentiated neurons after stimulated by glutamine. A.
The curve of free calcium concentration in neurons differentiated from NSCs cultured in NB+B27+2% FBS medium.
B. The curve of free calcium concentration in neurons differentiated from NSCs cultured in NB+B27+2% FBS+500
nM RA medium. Note: The line represents continuous change of free calcium ions concentration in cytoplasma of
one differentiated neurons from NSCs after stimulation. Representative results of n=3 experiments.

than those in the control media (57%+2.49
B-tubulin Il positive cells) (Figure 2B).

Moreover, western blot analysis confirmed
B-tubulin lll expression in differentiated neuron
of the two media conditions. During the differ-
entiating process, the level of B-tubulin Il ex-
pression in RA medium was higher than those
in the control medium at 7 days after differen-
tiation. On the contrary, the quantity of GFAP in
RA group was apparently less than that in the
control group at corresponding time-points
(Figure 3).

Calcium activity in differentiated neurons in
two groups respectively

After adding 1000 nM glutamine to the differ-
entiated cells in two cultured conditions, the
Ca?* outside the differentiated neurons flew
quickly into the cytoplasm. The concentration
of free calcium which indicated as fluorescent
density in cytoplasm significantly increased
and maintained at relatively high levels as
shown in Figure 4. However, the concentration
of free calcium inside the differentiated neu-
rons from NSCs in two groups had no signifi-
cant difference after stimulation.

Discussion

Because NSCs have the ability to self-renew
and differentiate into neurons and glial cells
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(astrocytes and oligodendrocytes), they were
regarded as an ideal candidate for the develop-
ing treatments of central nervous system inju-
ry, such as stroke, neurodegenerative diseas-
es, spinal cord and traumatic brain injury [1,
12, 13].

Less clear is the molecular mechanism that
regulated the differentiation of NSCs under
different conditions. Recent studies have dem-
onstrated that, in addition to the intrinsic prop-
erties of stem cells, the extrinsic local microen-
vironment, including growth factors, cytokines
and cell-cell contacts, plays an important role
in determining the fate of stem cells [5, 14, 15].

Differentiation of NSCs into neurons in vitro
has been examined through a variety of meth-
ods. A series of studies revealed that sequen-
tial treatment with NT-3, BDNF and Shh signifi-
cantly promoted the neuronal differentiation
from NSCswhether in vitro or in vivo after trans-
plantation [5, 6, 14, 16]. These results suggest
that the microenvironment play a prominent
role for the induction of NSCs to differentiate
into neurons.

RA is an important biologically active molecular
that takes part in embryonic neurogenesis.
During central nervous system development,
RA plays an essential role in antero-posterior
patterning of the hindbrain and spinal cord,
dorsoventral patterning of spinal cord neurons

Int J Clin Exp Pathol 2015;8(7):8129-8135
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and striatal neuron differentiation. Furthermore,
RA can induces embryonic stem cell differenti-
ation into GABAergic neurons and promote the
neurogenesis of subventricular zone and stria-
tal after stoke with special intervention. The
effect of RA was dependent on the concentra-
tion in medium, among which 500 nM RA is
suitable for the growth of embryonic cells in
vitro [17-21]. These studies led us to investigate
whether RA can enhance NSCs derived from
embryonic spinal cord differentiating into func-
tional neurons in vitro.

In this study, it was identified that exogenous
supplementation of RA can promote the growth
of cytodendrites of differentiated neuronal
cells at early stage after differentiation and
induce NSCs differentiating into more neurons
compared to the control group in all. On the
other hand, the astrocytes differentiated from
NSCs were less in RA group than those in the
control group. As indicated by immunocyto-
chemical staining and Western blotting exami-
nation, it was indicated that RA have the ability
to promote the growth of processes and dis-
tinct differentiation of NSCs into neurons from
embryonic spinal cord. So in spinal cord injury,
RA may be a candidate drugs for the treatment
of spinal cord injury in the future.

As it has been reported that calcium in neural
cells participated in the secretion and trans-
mission of neurotransmitters, discharge of neu-
rons and communication of organelle during
the process of cell metabolism [22]. In this
study, the free Ca?* outside the cell membrane
of differentiated neurons in two culture condi-
tions can influx quickly into cytoplasm and
maintained at high level after stimulated by glu-
tamine. It was indicated that differentiated neu-
rons from NSCs could receive outside stimulat-
ing signals and react with electrical activity. So
the neurons differentiated supplemented with
RA or not both have the characteristic of electri-
cal activity of neuronal cells.

In all, it was suggested RA can promote the
growth of cytodendrites of neuronal cells dur-
ing the differentiating process and finally
induce NSCs derived from embryonic spinal
cord differentiating into functional neurons in
vitro. Furthermore, the mechanism and signal-
ing pathway of neuronal differentiation of NSCs
in RA supplementation conditions are still to be
further investigated.
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