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ABSTRACT. Neurogenesis, recovery from nerve injury, 
neurodegeneration, and Parkinson’s disease affect people’s health, 
yet the underlying molecular mechanisms remain elusive. Here, we 
investigated the effect of ganglioside GM1 and neural growth factor 
(NGF) on neural stem cell (NSC) proliferation and differentiation 
in vitro to provide a scientific basis for comprehensive treatment of 
nervous system diseases via NSC application. As widely applied 
methods of relatively high accuracy, cell counts and 3-(4,5-dimethyl-
2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium bromide (MTT) assays 
were used to assess NSC proliferation. In addition, western blotting 
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was employed to determine NSC differentiation. Cell counts and 
MTT assays demonstrated that in epidermal growth factor (EGF)- 
and basic fibroblast growth factor (bFGF)-containing medium, a 
high concentration of GM1, but not NGF, significantly elevated NSC 
proliferation. In NSC cultures lacking EGF and bFGF, cell counts and 
MTT values were significantly increased compared to those in the 
negative control group on days 4, 7, and 10 after GM1 (25, 100, and 200 
ng/mL) but not NGF (25, 50, 100, and 200 ng/mL) treatment. Western 
blotting revealed significantly increased expression of nestin (an NSC 
marker) in NSCs treated with GM1, and upregulation of glial fibrillary 
acidic protein (a glial cell marker) and neuron-specific enolase (a neuron 
marker) in those administered NGF. Our results suggest that GM1 and 
NGF induce NSC proliferation and differentiation, respectively, in a 
dose-dependent manner.
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INTRODUCTION

The concept of neural stem cells (NSCs) was first put forward in the 1990s (Reynolds 
and Weiss, 1992). These cells have been shown to proliferate while maintaining the ability 
to differentiate, and are capable of surviving, integrating, and differentiating in the nervous 
tissues of hosts after transplantation, providing the necessary and sufficient basis for NSC 
therapy (Corti et al., 2003).

In the embryonic and early postnatal murine brain, NSCs generate neurons and glia 
(Götz and Huttner, 2005; Paridaen and Huttner, 2014). Recently, these cells were also found 
to be able to differentiate into neurons, astrocytes, and oligodendrocytes after isolation and 
amplification in vitro (Ji et al., 2014). The use of NSCs has been proposed as a potential 
treatment for nerve injury, neurodegeneration, and Parkinson’s disease, among other 
neurogenesis-related conditions (Ourednik et al., 2000).

At the onset of neurogenesis, neural progenitors first divide symmetrically to 
expand their numbers, before switching to asymmetric neurogenic division. The molecular 
mechanisms controlling neurogenesis have been extensively studied. Currently, we have 
a broad comprehension of the intrinsic factors and extracellular signaling pathways 
effectively driving proliferation and differentiation of NSCs (Burney et al., 2013; Urbán 
and Guillemot, 2014). Gene expression is principally regulated by internal factors, while 
the cellular microenvironment is dominated by external influences. Notch, γ-aminobutyric 
acid, Wnt, insulin growth factors (IGFs), and sonic hedgehog are known to modulate the rate 
of neurogenesis in the adult dentate gyrus (Ming and Song, 2011; Faigle and Song, 2013). 
However, owing to the limitations of in vivo studies, little is known of the mechanisms by 
which these signals exert their effects.

As common trophic neurological drugs, ganglioside GM1 and neural growth factor 
(NGF) are widely used in clinical settings. Animal experiments have demonstrated that GM1 
and NGF may have a synergistic effect on neuron proliferation and differentiation (Itokazu et 
al., 2013; Chen et al., 2014). To date, increasing evidence has shown the importance of spinal 
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cord-derived NSCs. The current study aimed to investigate the effect of high GM1 and NGF 
concentrations on NSC proliferation and differentiation in vitro, and determine their effective 
doses to provide a scientific basis for comprehensive treatment of nervous system diseases via 
NSC application.

MATERIAL AND METHODS

Materials

The following reagents were used in our study: Dulbecco’s modified Eagle’s medium 
(DMEM)/F12, B-27 and N-2 supplements, trypsin, fetal bovine serum (FBS), poly-d-lysine, 
mouse anti-neuron-specific enolase (NSE) antibody, mouse anti-glial fibrillary acidic protein 
(GFAP) antibody (Gibco, Waltham, MA, USA), basic fibroblast growth factor (bFGF), 
epidermal growth factor (EGF; Sigma-Aldrich, St. Louis, MI, USA), NGF (Invitrogen, 
Carlsbad, CA, USA), GM1 (TRB pharmaceuticals, Vouvry, Switzerland), and mouse anti-
nestin antibody (Genetimes, Hong Kong, China).

Animal husbandry and ethics statement

All experiments were performed on four-week-old adult Sprague-Dawley (SD) rats, 
weighing 220-240 g, provided by the Shanghai Experimental Animal Center of the Chinese 
Academy of Sciences. Forty-six rats (at a 1:1 female to male ratio) were housed under 
pathogen-free conditions at a controlled temperature (24 ± 1°C) with a 12:12-h light-dark 
cycle. Males and females were fed in a single cage, and vaginal smear tests were carried 
out the next morning. Sixteen of the 23 female SD rats were found to be pregnant, and at 
embryonic day 13, were anesthetized with sodium pentobarbital (100 mg/kg), then killed by 
cervical dislocation and randomly divided into four groups. Each embryo was removed under 
rigorously sterile conditions. The spinal cords of three embryos from each pregnant SD rat 
were removed under a dissecting microscope and placed in a centrifuge tube supplemented 
with DMEM. These were further separated into five to seven different treatment groups 
(depending on the experiment), as shown in Tables 1-4. All animal welfare standards and 
experimental procedures complied with the National Institutes of Health Guide for the Care 
and Use of Laboratory Animals and were approved by the Animal Ethics Committee of the 
Shanghai Jiaotong University School of Medicine.

Primary cultures of rat fetal spinal cord NSCs

Rat fetal spinal cord was cut into 0.5-1-mm blocks using ophthalmic scissors, and 
digested in 5 mL 0.125% trypsin (w/v) at 37°C for 10 min. The tissue was subsequently 
separated thoroughly by straw blow and neutralized with phosphate-buffered saline-Tween 20 
(PBS-T), pH 7.2-7.4, containing 10% FBS. This cell suspension was centrifuged and rinsed 
three times with 5 mL PBS-G, before finally being transferred to DMEM/F12 containing 2 
mM glutamine, 1% penicillin, and 1% streptomycin. Cells were adjusted to a concentration of 
1 x 106/mL by virtue of a trypan blue stain assay, administered 2% B-27, 20 ng/mL EGF, and 
20 ng/mL bFGF, seeded on a 6-cm culture dish, and cultured at 37°C in a 5% CO2 incubator 
for 7 days. Half of the culture medium was changed every 2-3 days.
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Isolation and passage of NSCs

Primary NSC cultures were centrifuged at 600 g for 8 min, and digested with 0.125% 
trypsin at 37°C in a 5% CO2 incubator for 5 min. Digestion was terminated with 10% FBS, 
before a further centrifugation at 600 g for 10 min. Supernatant was discarded and N-2 culture 
solution was added to obtain a cell suspension. Cells were then seeded and cultured on a 6-cm 
culture plate for 7 days, with half of the culture medium being changed every 2-3 days.

Investigation of the effects of GM1 and NGF on NSC proliferation in DMEM/F12 
containing bFGF and EGF

NSCs were cultured at a density of 1 x 105/mL on 96-well plates, with 100 µL in each 
well. The experiment comprised positive control (NSC medium containing EGF and bFGF), 
NGF (25, 50, 100, and 200 ng/mL), GM1 (10, 25, 100, 200 ng/mL), and NGF+GM1 (100 
ng/mL NGF and 100 ng/mL GM1) groups. Four wells were used for each group, and cells 
were cultured at 37°C in a 5% CO2 atmosphere. Cells were observed with a phase contrast 
microscope, and 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT) 
assays were conducted on days 4, 7, and 10. Each experiment was performed four times.

Assessment of the influence of GM1 and NGF on NSC proliferation in DMEM/F12 
lacking bFGF and EGF

NSCs were seeded at a density of 1 x 105/mL on 96-well plates, with 100 µL in each 
well. The experiment was divided into negative control (DMEM/F12 lacking EGF and bFGF), 
NGF (25, 50, 100, and 200 ng/mL), GM1 (10, 25, 100, and 200 ng/mL), and NGF+GM1 
groups (100 ng/mL NGF and 100 ng/mL GM1). Each group comprised four wells, and 
cells were cultured at 37°C in a 5% CO2 atmosphere. Cells were observed by phase contrast 
microscopy, and MTT assays were conducted on days 4, 7, and 10. Each experiment was 
performed four times.

Western blot

In groups with culture medium containing EGF and bFGF, expression of nestin, NSE, 
and GFAP was evaluated by western blotting after administration of GM1 and NGF on Days 4 
and 7. NSCs were seeded at a density of 1 x 105/mL on 96-well plates, 100 µL in each well, and 
cultured at 37°C in a 5% CO2 incubator before being collected on days 4 and 7. Cell lysates 
were prepared using radio immunoprecipitation assay lysis buffer (Beyotime Biotechnology, 
Shanghai, China) containing a protease/phosphatase inhibitor cocktail (Cell Signaling 
Technology, Beverly, MA, USA). In brief, the quantity of protein lysate was measured with a 
bicinchoninic acid assay and standardized across samples. Proteins were separated by sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis and transferred to polyvinylidene fluoride 
membranes. Membranes were blocked in 5% skim milk at room temperature for 1 h and 
immunoblotted with primary antibodies (anti-nestin, -NSE, and -GFAP; all 1:1000) at 4°C 
overnight. After being washed with Tris-buffered saline-Tween 20, membranes were incubated 
with the corresponding horseradish peroxidase-conjugated secondary antibodies for 1 h at 
room temperature. Blots were developed with SuperSignal West Femto Maximum Sensitivity 
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Substrate (Pierce/Thermo Scientiðc, Rockford, IL, USA), and images were obtained using an 
ImageQuant LAS 4000 (GE Healthcare, Little Chalfont, UK). As a loading control, an anti-
α-tubulin antibody (1:5000) was used. Experiments were repeated four times.

MTT assays

MTT assays were performed to examine cell proliferation. Approximately 5 x 103 cells 
were seeded into each well of 96-well plates. To each well, 10 µL MTT reagent was added, 
and the plate was incubated at 37°C for 4 h. Wells were then washed with PBS and dried for 
approximately 4 h, before 150 µL dimethyl sulfoxide was added to them. The microtiter plate 
was placed on a shaker to dissolve the dye. Absorbance was then recorded at 490 nm using a 
Bio-Rad (Hercules, CA, USA) iMark plate reader.

Statistical analysis

SPSS 17.0 (SPSS Inc., Chicago, IL, USA) was employed for data analysis, and data 
are reported as means ± standard error of the mean. Two-factor analysis of variance was 
utilized for comparisons between groups, while the least significant difference method was 
applied in pairwise comparisons. P < 0.05 represented a statistically significant difference.

RESULTS

NSC count and viability under different GM1 concentrations in medium 
containing bFGF and EGF

NSC culture medium containing bFGF and EGF acted as a bFGF+EGF control. In 
each group, both cell counts and MTT assay values increased in a time-dependent manner 
from day 4 to day 10 after GM1 administration. Moreover, compared with the positive control 
group, cell counts and MTT values in groups treated with 25, 100, and 200 ng/mL GM1 
were significantly increased (P < 0.05) on days 7 and 10. These measurements were also 
significantly elevated (P < 0.05) on day 4 in cells treated with the higher GM1 doses (100 and 
200 ng/mL), whereas the lowest concentration (10 ng/mL) displayed no significant effects (P 
> 0.05) over the course of the experiment. Administration of 25 ng/mL GM1 resulted in no 
significant changes (P > 0.05) to cell count or MTT value on day 4 compared with the control 
group, as shown in Table 1.

*P < 0.05 vs EGF+bFGF (C) group. bFGF = basic fibroblast growth factor; EGF = epidermal growth factor; MTT 
= 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide.

Table 1. Cell count and viability at Days 4, 7, and 10 following ganglioside GM1 administration in basic 
fibroblast growth factor- and epidermal growth factor-containing medium (N = 4, data are reported as means 
± standard error).

Group Day 4 Day 7 Day 10 
Cell count MTT value Cell count MTT value Cell count MTT value 

EGF+bFGF (C) 31.3 ± 2.2 0.117 ± 0.004 50.7 ± 3.1 0.132 ± 0.002 63.5 ± 1.3 0.161 ± 0.004 
GM1 (10 ng/mL)+C 30.5 ± 1.9 0.117 ± 0.001 53.0 ± 1.4 0.135 ± 0.002 65.5 ± 2.4 0.166 ± 0.001 
GM1 (25 ng/mL)+C 34.3 ± 1.7 0.123 ± 0.002 63.5 ± 1.9* 0.141 ± 0.003* 76.0 ± 0.8* 0.209 ± 0.012* 
GM1 (100 ng/mL)+C 42.5 ± 3.4* 0.127 ± 0.002* 70.3 ± 1.3* 0.156 ± 0.001* 77.8 ± 2.2* 0.221 ± 0.008* 
GM1 (200 ng/mL)+C 44.0 ± 3.9* 0.128 ± 0.002* 71.8 ± 4.3* 0.160 ± 0.002* 79.5 ± 2.4* 0.237 ± 0.007* 
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NSC count and viability under different NGF concentrations in medium 
containing bFGF and EGF

NSC culture medium containing bFGF and EGF served as a bFGF+EGF control. 
None of the NGF concentrations used exerted a significant effect (P > 0.05) on either cell 
count or cell viability compared with the positive control group. Moreover, co-treatment with 
high concentrations of GM1 (100 ng/mL) and NGF (100 ng/mL) had no notable influence (P > 
0.05) on these measurements in comparison with the positive control, as displayed in Table 2.

NGF= neural growth factor; bFGF = basic fibroblast growth factor; EGF = epidermal growth factor; MTT = 
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide.

Table 2. Cell count and viability at days 4, 7, and 10 following neural growth factor administration in basic 
fibroblast growth factor- and epidermal growth factor-containing medium (N = 4, data are reported as means 
± standard error).

Group Day 4 Day 7 Day 10 
Cell count MTT value Cell count MTT value Cell count MTT value 

EGF+bFGF (C) 31.3 ± 2.2 0.117 ± 0.004 50.7 ± 3.1 0.132 ± 0.002 63.5 ± 1.3 0.161 ± 0.004 
NGF (25 ng/mL)+C 28.0 ± 1.8 0.115 ± 0.002 47.0 ± 2.9 0.129 ± 0.001 60.8 ± 2.2 0.158 ± 0.001 
NGF (50 ng/mL)+C 29.5 ± 1.9 0.116 ± 0.002 47.8 ± 1.7 0.127 ± 0.002 60.8 ± 2.1 0.159 ± 0.001 
NGF (100 ng/mL)+C 29.0 ± 1.8 0.115 ± 0.001 51.0 ± 1.8 0.128 ± 0.002 60.3 ± 1.0 0.159 ± 0.002 
NGF (200 ng/mL)+C 28.0 ± 0.8 0.113 ± 0.002 50.3 ± 1.7 0.124 ± 0.002 63.8 ± 2.6 0.161 ± 0.001 
GM1+NGF+C 32.0 ± 0.8 0.119 ± 0.001 53.0 ± 2.6 0.136 ± 0.003 63.0 ± 1.8 0.164 ± 0.004 

 

NSC count and viability under different GM1 concentrations in medium lacking 
bFGF and EGF

In culture medium supplemented with neither bFGF nor EGF, at Days 4, 7, and 10 after 
treatment with 25, 100, and 200 ng/mL GM1, cell counts and MTT values were significantly 
increased in comparison with the negative (P < 0.05), but not the positive control group (P > 
0.05). However, the lowest GM1 dose (10 ng/mL) resulted in significantly reduced cell counts 
and MTT values compared with the positive (P < 0.05) but not the negative (P > 0.05) control 
on Days 4, 7, and 10 (Table 3).

*P < 0.05 vs EGF+bFGF (C) group, **P < 0.05 vs negative control. bFGF = basic fibroblast growth factor; EGF = 
epidermal growth factor; MTT = 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide.

Table 3. Cell count and viability at days 4, 7, and 10 following GM1 administration in medium lacking basic 
fibroblast growth factor and epidermal growth factor (N = 4, data are reported as means ± standard error).

Group Day 4 Day 7 Day 10 
Cell count MTT value Cell count MTT value Cell count MTT value 

EGF+bFGF (C) 53.8 ± 3.4 0.136 ± 0.005 65.5 ± 1.3 0.169 ± 0.002 72.8 ± 3.7 0.178 ± 0.002 
GM1 (10 ng/mL) 31.8 ± 2.8* 0.122 ± 0.003* 49.3 ± 1.0* 0.161 ± 0.002* 43.8 ± 2.6* 0.158 ± 0.002* 
GM1 (25 ng/mL) 51.0 ± 1.4** 0.132 ± 0.002** 61.8 ± 3.0** 0.166 ± 0.004** 70.5 ± 1.3** 0.175 ± 0.002** 
GM1 (100 ng/mL) 54.8 ± 1.7** 0.135 ± 0.002** 64.5 ± 1.3** 0.167 ± 0.005** 71.3 ± 1.0** 0.183 ± 0.006** 
GM1 (200 ng/mL) 55.0 ± 0.8** 0.135 ± 0.002** 61.5 ± 1.3** 0.164 ± 0.003** 69.3 ± 1.0** 0.182 ± 0.003** 
Negative control 29.0 ± 1.8 0.124 ± 0.001 36.0 ± 1.8 0.118 ± 0.001 31.5 ± 2.4 0.117 ± 0.003 

 

NSC count and viability under different NGF concentrations in medium lacking 
bFGF and EGF

At days 4, 7, and 10, cell counts and MTT values were significantly reduced at all 
NGF concentrations (25, 50, 100, and 200 ng/mL) compared with positive (P < 0.05) but 
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not negative (P > 0.05) control cultures. This was also the case with GM1 (100 ng/mL) co-
treatment (Table 4).

*P < 0.05 vs EGF+bFGF (C) group. NGF = neural growth factor; bFGF = basic fibroblast growth factor; EGF = 
epidermal growth factor; MTT = 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide.

Table 4. Cell count and viability at days 4, 7, and 10 following neural growth factor administration in medium 
lacking basic fibroblast growth factor and epidermal growth factor (N = 4, data are reported as means ± 
standard error).

Group Day 4 Day 7 Day 10 
Cell count MTT value Cell count MTT value Cell count MTT value 

EGF+bFGF (C) 53.8 ± 3.4 0.136 ± 0.005 65.5 ± 1.3 0.169 ± 0.002 72.8 ± 3.7 0.178 ± 0.002 
NGF (25 ng/mL) 32.0 ± 1.8* 0.123 ± 0.002* 34.5 ± 1.3* 0.123 ± 0.002* 37.0 ± 6.1* 0.119 ± 0.002* 
NGF(50 ng/mL) 31.0 ± 1.8* 0.122 ± 0.003* 31.3 ± 3.6* 0.118 ± 0.002* 34.0 ± 2.2* 0.115 ± 0.003* 
NGF (100 ng/mL) 31.8 ± 1.7* 0.122 ± 0.002* 34.0 ± 1.8* 0.118 ± 0.001* 39.0 ± 0.8* 0.115 ± 0.002* 
NGF (200 ng/mL) 30.0 ± 0.8* 0.122 ± 0.001* 35.0 ± 1.8* 0.116 ± 0.003* 32.0 ± 18* 0.117 ± 0.002* 
GM1+NGF 31.3 ± 1.7* 0.128 ± 0.002* 47.5 ± 1.3* 0.133 ± 0.002* 49.0 ± 2.6* 0.161 ± 0.002* 
Negative control 29.0 ± 1.8 0.124 ± 0.001 36.0 ± 1.8 0.118 ± 0.001 31.5 ± 2.4 0.117 ± 0.003 

 

Nestin, NSE, and GFAP protein expression

Compared to the control group, a high dose of GM1 (100 ng/mL) significantly 
upregulated nestin expression (P < 0.05), but showed no notable effects on NSE and GFAP 
levels (P > 0.05) at days 4 and 7. Treatment with a high concentration of NGF (100 ng/mL) 
markedly promoted GFAP and NSE expression (P < 0.05), but had no significant influence on 
nestin level (Figure 1, left). Quantitative data are displayed in Figure 2 (right).

Figure 1. Western blots of nestin, neuron-specific enolase (NSE), and glial fibrillary acidic protein (GFAP) 
expression on days 4 and 7 after administration of ganglioside GM1 or neural growth factor (NGF). A. Expression 
of nestin, NSE, and GFAP on day 4 after administration of GM1 or NGF. B. Expression of nestin, NSE, and GFAP 
on day 7 after administration of GM1 or NGF.

Figure 2. Quantitative data relating to relative nestin, neuron-specific enolase (NSE), and glial fibrillary acidic protein 
(GFAP) expression. A. Expression of nestin, NSE, and GFAP on day 4 after administration of ganglioside GM1 or 
neural growth factor (NGF). B. Expression of nestin, NSE, and GFAP on day 7 after administration of GM1 or NGF.
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DISCUSSION

Timmer and Nikkhah (2012) described a novel strategy for intrastriatal dopaminergic 
cell transplantation, in which sequential “nest” grafting was shown to restore survival and 
behavior in a rat model of Parkinson’s disease. This suggested that neurons play vital roles in 
human disease recovery. However, neurons in the mammalian central nervous system (CNS) are 
generated from early embryonic development until early postnatal stages, with few neurogenic 
zones remaining active in adults (Götz and Huttner, 2005; Paridaen and Huttner, 2014).

Reynolds and Weiss (1992) reported the successful generation of neurospheres, 
containing cells capable of self-replication and differentiation into neurons and glia, laying 
the foundations of NSC research. NSCs have subsequently become the focus of work on the 
development and regeneration of the CNS. For instance, NSC transplantation together with 
erythropoietin injection has been reported to positively affect axon regeneration in adult rats 
having suffered transected spinal cord injuries (Zhao et al., 2015). In addition, a combination 
of edaravone and NSC transplantation has been shown to repair injured spinal cords in a rat 
model (Song et al., 2015). Moreover, GM1 and NGF synergistically effect neurite regeneration, 
neurofilament protein upregulation, and stimulation of neuritogenesis (Bolsover, 2005).

NSCs, whose transplantation may realize CNS repair, are capable of differentiation 
into neurons and glial cells (Tarasenko et al., 2004). bFGF, EGF, neurotrophic factors, 
leukemia inhibitory factor, platelet-derived growth factor, IGFs, and various other growth 
factors are reported to exert different effects on NSC proliferation and differentiation (Huang 
et al., 2013). The current study aimed to investigate the effects of GM1 and NGF on NSC 
proliferation and differentiation to provide further data informing clinician guidelines for the 
efficient treatment of neurogenic disease.

We utilized serum-free medium to culture NSCs in each group, thus removing confounding 
factors that may have induced proliferation and/or differentiation. Our results indicated that a 
high concentration of GM1 promoted NSC proliferation in DMEM/F12 containing bFGF and 
EGF, as it did in that lacking these growth factors, but did not include differentiation.

The effect of the mitogens bFGF and EGF on NSCs has been confirmed in vitro 
(Tarasenko et al., 2004; Huang et al., 2013), and the present study demonstrated that GM1 
plays a similar role. Consistent with results of cell counts and MTT assays, western blotting 
showed that at days 4 and 7, nestin protein level was significantly upregulated in GM1-treated 
cultures. Two issues remain to be resolved, namely, the means by which GM1 upregulates nestin 
expression, and the biochemical pathways GM1 depends upon to exhibit the effects on cell count 
and viability. We will carry out further studies to investigate these aspects in the near future.

Neurotrophic factors also play important roles in neural cell differentiation, 
proliferation, and survival. As the first discovered neurotrophic factor, NGF is one of the most 
important biological molecules, and is indispensable in the development and function of the 
nervous system (Zhang et al., 2011). NGF also promotes NSCs to differentiate into neurons 
and astrocytes (Lachyankar et al., 1997; Levenberg et al., 2005; Nakajima et al., 2007; Choi 
et al., 2008), a process brought about by the down-regulation of ATF5 expression and up-
regulation of TIMP-2 (Angelastro et al., 2003; Jaworski and Pérez-Martínez, 2006). Our study 
demonstrated that NGF failed to promote NSC proliferation based on cell counts and MTT 
assays, but clearly induced NSC differentiation, manifested as upregulated levels of both 
GFAP and NSE proteins at days 4 and 7, consistent with previous reports (Lachyankar et al., 
1997; Levenberg et al., 2005; Nakajima et al., 2007; Choi et al., 2008).
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In vivo experiments have revealed that GM1 and NGF may have a synergistic effect 
on NSCs. GM1 increases the trophic effects of NGF, and decreases cell death (Dreyfus et al., 
1998; Huang et al., 2009).

Therefore, in future clinical application of NSC transplantation, drug administration 
can be carried out in stages. For the first stage comprising in vitro amplification of NSCs, 
GM1 may be used at a concentration of 25-200 ng/mL. In the second stage consisting of 
directional differentiation of NSCs to obtain neurons and glia, NGF would be appropriate, at 
a recommended concentration between 10 and 200 ng/mL.

We may draw the conclusion that GM1 and NGF promote NSC proliferation and 
differentiation, respectively, in a dose-dependent manner. Our results represent an important 
goal for clinicians, by whom they may be used to choose appropriate therapeutic strategies 
for patients.
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