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We have explored the role of ginsenoside Rgl
in promoting the differentiation of mouse adipose-
derived stem cells (mADSC) towards the neuronal
lineage. The central nervous system has long been
regarded as incapable of self-repair; therefore neu-
ronal differentiation from stem cells is of great inter-
est. However, the use of embryonic stem cells is lim-
ited due to their inaccessibility and for ethical reasons,
so the search is on for alternative pluripotent cells
capable of differentiating into neuronal cells. Adipose-
derived stem cells (ADSC) can differentiate into dif-
ferent cell types, including neuronal cells: their ac-
cessibility, low risk, and capacity for long-term
growth and self-renewal have made them the pre-
ferred stem cell type for clinical applications. Several
methods have been indicated for promoting the neu-
ronal differentiation of ADSC, but the mechanism of
this process has not been clearly identified. As our
previous study showed that microRNA-124 (miRNA-
124) plays a positive role in promoting the neural
differentiation of ADSC, we wanted to find reagents
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that can upregulate miRNA-124 expression during
neural differentiation.

Recent studies have indicated that ginsenoside
Rgl, one of the most active and abundant components
of ginseng, plays an important role in neural cell
proliferation and differentiation (Attele et al., 1999).
Lu et al. (2009) found that it has a neuroprotective
role, and that it can regulate the proliferation of neural
progenitor cells. Rgl also plays an important role in
cell differentiation: for example, it stimulates odon-
togenic/osteogenic differentiation of human dental
pulp stem cells (Wang et al., 2014) and facilitates
neural differentiation of mouse embryonic stem cells
(Wu et al., 2013). To understand the role of ginseno-
side Rgl in neural differentiation, we investigated its
effects on the neural differentiation of mouse ADSC.
Our findings suggest that it promotes ADSC neural
differentiation through the miRNA-124 signaling
pathway.

First we demonstrated that ginsenoside Rgl
promotes cell proliferation during ADSC neural dif-
ferentiation. As shown in Fig. 1a, the isolated mouse
ADSC at passage 3 had strong positive cell surface
markers for expressions of CD29 and CD44 and low
expression of the negative marker for CD11b. Pre-
vious studies reported that ADSC could be induced by
isobutylmethylxanthine (IBMX) to differentiate into
neural cells (Ning et al., 2006; 2008). After IBMX
induction, ADSC showed positive neural staining
(Fig. 1b). MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay was used to in-
vestigate the effect of ginsenoside Rgl on cell pro-
liferation of ADSC during neural differentiation. The
ginsenoside Rgl-treated group had a significantly
higher proliferation rate after 24 h compared with the
control group (Fig. 1c), suggesting that ginsenoside
Rgl has a positive effect on cell proliferation during
neural differentiation.
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Fig. 1 Effect of ginsenoside Rg1 on cell proliferation during ADSC neural differentiation
(a) Isolated ADSC were analyzed by flow cytometry. Cells were positive for ADSC markers CD44 and CD29, and negative for
CD11b, a hematopoietic cell surface marker. PE: phycoerythrin. (b) Immunohistochemical staining of ADSC after neural
induction. (¢) ADSC were treated with different concentrations of ginsenoside Rgl during IBMX induction, and cell viability
was determined by MTT assay. Values are expressed as mean+standard deviation (SD) of triplicate experiments. ~ P<0.05

Second we found that ginsenoside Rgl can pro-
mote the neural differentiation of mADSC. mADSC
were exposed to IBMX plus 50 or 100 pg/ml gin-
senoside Rgl for 24 h; cytoplasmic proteins were then
extracted to examine the neural markers nestin and
BIlI-tubulin. As shown in Fig. 2a, IBMX induced high
levels of nestin and BIII-tubulin. It has been reported
that miRNA-124 plays an important role in the de-
velopment of the nervous system, where it is ex-
pressed abundantly (Lagos-Quintana et al., 2002).
To determine the effect of ginsenoside Rgl on
miRNA-124 expression, quantitative polymerase chain
reaction (QPCR) was performed. Ginsenoside Rgl
induced higher expression of miRNA-124 compared
with the IBMX and control groups (Fig. 2b). To further
elucidate the effect of ginsenoside R1 on miRNA-124

expression during ADSC neural differentiation, we
transfected ADSC with miRNA-124 mimics or in-
hibitors during ginsenoside Rgl treatment, and then
examined the expression of neural markers. As shown
in Fig. 2c, miRNA-124-down-regulation abrogated
the neural differentiation of ADSC during ginseno-
side Rgl (100 pg/ml) treatment.

Lastly, we detected the downstream molecular
event involved in the process of mADSC neural dif-
ferentiation. Our previous study had shown that
miRNA-124 can decrease anti-neural factor small
C-terminal domain phosphatase 1 (SCP1) expression
by targeting its 3'-untranslated region (UTR) promoter
(Shi et al., 2016). Because ginsenoside Rgl treatment
induced miRNA-124 up-regulation, we further exam-
ined SCP1 expression during neural differentiation.
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Unsurprisingly, ginsenoside Rgl treatment signifi-
cantly decreased anti-neural factor SCP1 expression
(Fig. 2d), suggesting that ginsenoside Rgl could
promote ADSC neural differentiation through down-
regulation of anti-neural factor SCP1 expression.

In conclusion, our study demonstrated that gin-
senoside Rgl promotes cell proliferation and neural
differentiation of mouse ADSC in vitro, but further
work is needed to identify the molecular mechanisms
involved, particularly in ginsenoside Rgl-mediated
miRNA-124 expression.

We found that ginsenoside Rgl promoted mouse
ADSC proliferation and neural differentiation in a
dose-dependent manner. A high concentration of
ginsenoside Rgl (100 pg/ml) enhanced the expres-
sion of neural specific markers when mouse ADSC
were maintained in a neural inductive medium for 24 h
(Fig. 2a). Despite the fact that nestin and B-tubulin III
represent just one marker of ADSC neural differenti-
ation, these findings, together with previous reports
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demonstrate the potential use of Rgl in nerve re-
generation, and highlight the potential application
of ginsenoside Rgl to promote cell proliferation
and differentiation. More studies are needed to
elucidate the mechanisms of Rgl-induced neural
differentiation.

During the process of neural differentiation,
ginsenoside Rg1 increased the level of miRNA-124 in
a dose-dependent manner. miRNA-124 plays an im-
portant role in CNS development, and is expressed
abundantly in neural cells. miRNA-124 over-expression
induces neural differentiation of mouse neuroblas-
toma cell lines Neuro2a and CAD and embryonal cell
line P19 (Makeyev et al., 2007), and manipulation of
miRNA-124 expression affects neuronal lineage dif-
ferentiation in ES cell-derived cultures (Krichevsky
et al., 2006). Our results indicate that ginsenoside Rgl
facilitated neural differentiation of ADSC through
miRNA-124-mediated down-regulation of anti-neural
factor SCP1.

PBS

IBMX

Rg1 (100 pg/ml)
miRNA control
iRNA-124 mimics

Blll-tubulin

Nestin

B-actin

IBMX
Rg1 (100 pg/ml)

—
SCP1  we—

B-actin -

+

e
o —

Fig. 2 Effect of ginsenoside Rg1 on neural differentiation of ADSC
Ginsenoside Rgl promotes neural differentiation of ADSC by down-regulation of anti-neural factor SCP1 expression.
(a) Mouse ADSC were induced by IBMX supplemented with different concentrations of ginsenoside Rgl for 24 h. The neural
markers of nestin and BIII-tubulin were detected by Western blot. (b) miRNA-124 expression of ADSC during neural differ-
entiation supplemented with ginsenoside Rgl. (c) Western blot analysis of the effect of miRNA-124 on the neuronal markers
nestin and BIII-tubulin expression during neural differentiation. (d) Effect of ginsenoside Rgl on SCP1 expression during
neural differentiation of ADSC. Values are expressed as mean+SD of triplicate experiments. ~ P<0.05, vs. IBMX
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The process of neurogenesis is accompanied by
down-regulation of nonneuronal genes and up-regulation
of neuronal genes. Repressor element 1 (RE1)-silencing
transcription factor (REST), also known as neuron-
restrictive silencer factor (NRSF), acts as a transcrip-
tional repressor. Down-regulation of REST increases
neuronal genes expression (Ballas et al., 2005). Like
REST, SCP1 is recruited to RE1-containing genes by
REST and exerts an anti-neural role in nonneuronal
tissues (Yeo et al., 2005). In our results, during the
process of neural differentiation, ginsenoside Rg1 facil-
itated neural markers expression through miRNA-124-
mediated SCP1 degradation. However, our results do
not rule out the possibility that ginsenoside Rgl may
exert its role through other miRNAs or proteins.
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