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Abstract. – OBJECTIVE: To evaluate the im-
muneactivity of bone marrow mesenchymal 
stem cells (BMSCs), and explore the biological 
characteristics and capabilities of BMSCs and 
the potential to be differentiated into neuronal 
cells in vitro.

MATERIALS AND METHODS: The BMSCs 
were isolated and proliferated in vitro to ge-
nerate the xenogeneic mixed lymphocyte re-
action. Moreover, peripheral BMSCs (pBMSCs) 
were added according to different ratios, which 
methods were stated as follows: 1: Dulbecco’s 
Modified Eagle Medium (DMEM) + 10% Fetal 
Bovine Serum (FBS) + 1 μmol/L all-trans-retinoic 
acid (ATRA) + 20 μg/L basic fibroblast growth 
factor (bFGF) + 20 μg/L epidermal growth factor 
(EGF); 2: DMEM + 2% dimethyl sulfoxide (DMSO) 
+ 100 μmol/L butylated hydroxyanisole (BHA). 
The immunofluorescence and immunohistoche-
mical staining were finally used to evaluate 
the differentiation capabilities of human BMSCs 
(hBMSCs) induced in neuronal cells.

RESULTS: hBMSCs inhibited the lymphocyte 
proliferation in the mixed lymphocyte reac-
tion (MLR) system at a proportional inhibition 
rate with additional numbers of stem cells. At 
hour 2 after culture with method 1, the plasma 
of hBMSCs shrank to nuclei and perinuclear 
bodies and was visualized under the light mi-
croscope. At hours 3-5, most of the hBMSCs 
formed neuron-like cells with total cell number 
unchanged. Afterward, the hBMSCs turned into 
bipolar or multipolar shaped cells and inter-
connected into a large network at Day 3. With 
immunofluorescence and immunohistochemi-
cal staining, 60-70% of the hBMSCs showed 
neurospecific enolase (NSE) positive and 45-
50% glial fibrillary acidic protein (GFAP) posi-
tive while the Nestin-positive cells decreased 
to 3.4%. However, when cultured 2 hours with 
method 2, the most of the hBMSCs formed bi-
polar or multipolar shaped cells, then died after 
48 hours. 40-50% NSE and 35-40% GFAP were 
positively expressed. Significantly, the rate of 
Nestin-positive cells decreased from 63% to 
1.6% from hour 2 after culture to hour 48. 

CONCLUSIONS: hBMSCs may be effective 
for cell therapy and tissue engineering for the 
capability of differentiating into neuronal-like 
cells, as well as the capability of inhibiting lym-
phocyte proliferation in MLR system.
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Introduction

The human bone marrow mesenchymal stem 
cells (hBMSCs) with the ability of self-replica-
tion and multiple potential differentiation, can 
significantly promote the recovery of spinal cord 
injury. Since the hBMSCs are phenotypically 
immaturity, the recipients of which have no graft 
vs. host disease (GVHD) or reduced GVHD after 
allogeneic cell transplantation. Unfortunately, 
there are various factors participating to the che-
mical and biological induction of hBMSCs into 
the neurons in vitro. The differentiation of hBM-
SCs into neurons and neuroglia is a complex me-
chanism.

Recent researches suggested that, except for 
supporting hematopoiesis in vitro and in vivo, 
the mesenchymal stem cells (MSCs) are also ca-
pable of inhibiting allogeneic immune response 
and reducing graft vs. host (GVH) reaction. Bar-
tholomew et al1 had discovered that the baboon 
MSCs not only inhibited a proliferative response 
to potent T-cell in vitro when added into a mixed 
lymphocyte reaction culturing system, but also 
prolonged skin graft survival when administe-
red intravenously to donor itself or the recipients. 
These immunoregulatory features are equivalent 
to the immunosuppressants such as Cyclosporine 
A. Fukuda et al2 also showed in their research on 
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mice that the donors’ bone marrow mesenchymal 
stem cells (hBMSCs) had greatly affected acute 
and chronic GVHD after the hematopoietic stem 
cell transplantation. If the recipients had both 
hematopoietic stem cells (HSCs) and MSCs, the 
post-transplantation GVHD occurrence rate was 
significantly lower than those which had only 
HSCs. Although the immunoregulatory mecha-
nism of the MSCs has not been elucidated, it is 
the most popular transplantation research hotspot 
nowadays. The animal researches have already 
been proved for its usefulness in future applica-
tions of transplantation.

Currently, the stem cell transplantation the-
rapy comprises three major research hotspots: (1) 
providing MSCs directly to repair the damaged 
tissue; (2) inducing the stem cells in vitro, dif-
ferentiating into specific tissue cells; genetically 
modifying the stem cells then differentiating into 
healthy specific tissue cells to treat genetic disor-
ders; (3) building material to “construct” tissues 
or organs in vitro for transplantation. Most resear-
ches were conducted according to the second hot-
spot, especially in the differentiation and clinical 
application of genetically modified stem cells. 

Some researches3,4 proved that the hBMSCs 
can differentiate into at least eight types of tis-
sue-specific cells such as osteoblast, chondroblast, 
fibroblast, cardiac muscle cell, skeletal muscle 
cell, hepatocyte, epithelium and neuron. In neuro-
logy, the researches were mainly focusing on the 
correlation between the MSCs and neurological 
tissue cells. Some researches5,6 suggested that, the 
marked neural stem cells were administered into 
the body of a lethally irradiated animal, and diffe-
rentiated into blood cells, which affected the bone 
marrow, spleen, and circulating blood system of 
the recipients. Whereas, MSCs also were capable 
of differentiating into neuron and neuroglia in 
vivo7,8. However, the researches on the differen-
tiation of MSCs into neuron and neuroglia in vitro 
relatively lagged behind. Woodbury et al9 set-up a 
series of experiments of induction, which resul-
ted in the hBMSCs differentiating into neurons 
in vitro. It also indicated that various factors may 
contribute to the differentiation of hBMSCs into 
neuron and neuroglia.

This study demonstrated that the hBMSCs 
had immunoregulatory capabilities by cultured 
in Mixed Lymphocyte Reaction (MLR) System, 
and it also proved that the hBMSCs were capable 
of differentiation into neuronal cells, which pro-
vided a theoretical background for hBMSCs tran-
splantation in vivo.

Materials and Methods 

Reagents and Equipment
The reagents and equipment are stated as fol-

lows:
  •	 DMEM-LG (Gibco BRL, Grand Island, NY, 

USA) 
  •	 All-Trans-retinoic acid (Sigma-Aldrich, Gai-

thersburg, MD, USA), 
  •	 Butylated hydroxyanisole (Sigma-Aldrich, 

Gaithersburg, MD, USA), 
  •	 Penicillin-Streptomycin (Gibco BRL, Grand 

Island, NY, USA), 
  •	 DMSO (Sigma-Aldrich, Gaithersburg, MD, 

USA), 
  •	 sABC kit (Wuhan BOSTER, Wuhan, Hubei, 

China), 
  •	 DAB brown detection kit (Wuhan BOSTER, 

Wuhan, Hubei, China), 
  •	 Anti-Mouse IgG–FITC antibody Mouse in goat 

(Sigma-Aldrich, Gaithersburg, MD, USA), 
  •	 Fetal Bovine Serum (FBS) (Hyclone, Logan, 

UT, USA), 
  •	 b-FGF (CYTOLAB, Mogi das Cruzes, SP, 

Brasil), 
  •	 EGF (Sigma-Aldrich, Gaithersburg, MD, USA), 
  •	 Human Neuron-Specific Enolase (NSE) 

(Wuhan BOSTER, Wuhan, Hubei, China),
  •	 Rabbit anti-human antibody (Wuhan BO-

STER, Wuhan, Hubei, China), 
  •	 Anti-Human Glial Fibrillary Acid Protein (GFAP) 

(Wuhan BOSTER, Wuhan, Hubei, China), 
  •	 Mouse Anti-Human CD44 Monoclonal anti-

body (Exalpha Biological Inc., Shirley, MA, 
USA), 

  •	 CD45 (IMMUNOTECH, Marlborough, MA, 
USA), 

  •	 CD29 CD106 and CD105 (Ancell, Stillwater, 
MN, USA), 

  •	 CD34 (Caltag Laboratories, Buckingham, 
MK, UK), 

  •	 Mitomycin (Kunming Pharmaceutical Co., 
Kunming, Yunnan, China), 

  •	 Liquid Scintillation Counter (Pharmacia, 
Shanghai, China), 

  •	 CK40 Inverted Phase Contrast Microscope 
(Olympus, Tokyo, Japan), 

  •	 BX51 Fluorescence Microscope (Olympus, 
Tokyo, Japan), 

  •	 Imaging Digital DP50 (Olympus, Tokyo, Japan), 
  •	 Flow Cytometry (Beckman-Coulter, Indiana-

polis, IN, USA), 
  •	 Carbon Dioxide Incubator (EVERCO, Corne-

lius, OR, USA).
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Adult human bone marrow was harvested by 
surgical procedures (unsalvageable fragments of 
cancellous bones during the hip joint operations 
or cancellous bones recovered during the autoge-
nous iliac bone grafting procedures). All partici-
pants have signed informed consent and this stu-
dy was in accordance with the term of the Ethics 
Committee of our Hospital (Wuxi Third People’s 
Hospital, Wuxi, Jiangsu, China). 

Methods

Isolation and Enrichment of hBMSCs 
Under sterile condition, the human bone marrow 

suspension solution, which was anti-coagulated by 
adding heparin, was diluted by D-Hank’s solution 
of 10 ml (Beijing Suolaibao Tech Co. Ltd. Beijing, 
China) at volume ratio 1:1. Then the solution mixtu-
re was added slowly into 5 ml Ficoll-Paque solution 
(Beijing Suolaibao Tech Co. Ltd. Beijing, China) in 
a 15 ml conical centrifuge tube. Then, the mixture 
was centrifuged for 15 minutes at 1800 rpm, and the 
mononuclear cell fraction at the interface between 
plasma and Ficoll-Paque solution (Pharmacia Fine 
Chemicals, Stockholm, Sweden) was collected. 
Then the cell suspension was rinsed by D-Hank’s 
solution once and diluted to concentration 1X 108/l. 
Then, it was and planted in 25 cm2 culture flasks on 
the medium containing Dulbecco’s Modified Eagle 
Medium-Low Glucose (DMEM-LG) (Gibco BRL, 
Grand Island, NY, USA) + 1% Penicillin (Gibco 
BRL, Grand Island, NY, USA) and Streptomycin 
(Gibco BRL, Grand Island, NY, USA) + 5 mg/L ba-
sic Fibroblast Growth Factor (bFGF) (CYTOLAB, 
Mogi das Cruzes, SP, Brasil) + 10% (v/v) fetal bo-
vine serum (FBS), in humidified 37°C, 5% CO2 
incubator. After 72 hours, all mediums had to be 
changed every 2 days until the cell colonies were 
visible and grew up to 70% of the confluence. After 
that, all mediums were removed and the culture 
flasks were rinsed once by D-Hank’s solution, and 
added 2.5 g/l trypsin into the culture flasks for 3-5 
minutes, until the cells were retracted and the re-
fraction was increased through the inverted phase 
contrast microscope technique. Then neutralized 
trypsin, pipetted the cell suspension vigorously 
with a 10 ml pipet to wash the cells off the bot-
tom of the flask, transferred the cell suspension to 
another tube, adjusted the cell concentration of the 
suspension to (v/v) 1:3 and replanted them onto the 
culture medium. After 2 days, the mediums had 
to be changed again, and repeated above steps to 
replant and re-culture.

Mixed Lymphocyte Reaction System 
by BMSCs and T Lymphocytes
Reaction Cells

The human peripheral blood mononuclear cel-
ls (hPBMCs) of adult donors had been isolated by 
Ficoll-Paque Density Gradient Centrifugation. 
The hPBMCs were cultured in 6-well plates, in-
cubated for 2 hours at 37°C. All non-adherent cel-
ls were aspirated and mixed with sheep red blood 
cells, and then incubated for 15 minutes at 37°C. 
After that, the cell suspension was centrifuged at 
14000 rpm for 5 minutes, the supernatant was di-
scarded, and the red cell lysis buffer containing 
Ammonium chloride was added. Finally, the T 
lymphocyte with 92.5% purity was prepared.

Stimulating Cells
We adjusted the 3rd generation hBSMCs su-

spension concentration to 1X106/ml, and added Mi-
tomycin (Kunming Pharmaceutical Co., Kunming, 
Yunnan, China) into the suspension until the Mi-
tomycin concentration reached 25 μg/ml, then in-
cubated 45 minutes at 37°C. Finally, we rinsed five 
times by Roswell Park Memorial Institute-1640 
(RPMI-1640) medium (Thermo Fisher Scientific, 
Waltham, MS, USA) supplemented with 10% FBS.

Grouping
During the “two-way” MLR test, the hPBMCs 

of two donors were added at the same concen-
tration (1X105) to each well on the 96-well plate. 
According to different hBMSCs/hPBMC ratio, 
mitomycin-treated-hBMSCs at different concen-
tration levels were also added to the well. The-
re were positive control wells, which no hBM-
SCs were added. When incubated at the 6th day, 
1.85X104 Bq 3H-Thymidine (3H-TdR) was added 
to each well, and cultured for another 16-18 hours. 
Then we collected all cells on 49-fiberglass paper. 
After drying, the paper was measured by a liquid 
scintillation counter (Pharmacia, Shanghai, Chi-
na) and expressed as cpm.

Differentiation of hBMSCs 
into neuron-like cells 
Induction Method 1

We planted the 3rd generation hBSMCs cell 
suspension into 6-well culture plates. When the 
colonies reached 60% of confluence, we changed 
the culture mediums to induction mediums ac-
cording to following the formula: DMEM + (v/v) 
10% FBS + 1 μmol/L ATRA + 20 μg/L bFGF + 
20 μg/L EGF, in humidified 37°C, (v/v) 5% CO2 
incubator.
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Induction Method 2
The procedures were as same as induction 

method 1, and we changed the culture mediums 
to induction mediums according to following the 
formula: DMEM + (v/v) 2% DMSO + 100 μmol/L 
BHA, in humidified 37°C, (v/v) 5% CO2 incubator.

Fixation, Immunofluorescence 
and Immunohistochemical stain

When the differentiation of the hBMSCs at the 
2nd, 6th, 24th, 48th hour and 7th day, the differentia-
ted cells were then stained by immunofluorescen-
ce and immunochemical stains. The procedures 
were stated as follows: 
1.	 Discarded all culture mediums, rinsed the cells 

by phosphate buffered saline (PBS) three times; 
2.	 Added 40 g/L Paraformaldehyde (PFA) (Shan-

ghai Xiangsheng Biotech Co. Ltd. Shanghai, 
China) to cell suspension for cell fixation for 20 
minutes, then rinsed with PBS three times again; 

3.	 Added 0.3% TritonX-100 (Shanghai Xiang-
sheng Biotech Co. Ltd. Shanghai, China) for 
20 minutes and rinsed with PBS three times;

4.	 10% sheep serum was added to the cell su-
spension and sealed up at room temperature 
for 20 minutes; 

5.	 Aspirated all sheep serum and added anti-Hu-
man Neuron-Specific Enolase (NSE) (Wuhan 
BOSTER, Wuhan, Hubei, China), Rabbit an-
ti-human antibody (v/v 1:500) (Wuhan BO-
STER, Wuhan, Hubei, China), Anti-Human 
Glial Fibrillary Acid Protein (GFAP) Glial Fi-
brillary, antibody Human in rabbit (v/v 1:1000) 
(Wuhan BOSTER, Wuhan, Hubei, China) anti-
body Human and incubated at 37°C for 2 hours; 

6.	 Rinsed with PBS three times, added immu-
no-stain Anti-Mouse IgG-FITC antibody Mouse 
in goat (v/v 1:500) (Sigma, Gaithersburg, MD, 
USA) and incubated 37°C for 30 minutes; 

7.	 After the staining process was completed, all 
samples were observed under Fluorescence Mi-
croscope; 

8.	 OR cell suspension was immune-histochemical 
stained by adding DAB brown detection solu-
tion (Wuhan BOSTER, Wuhan, Hubei, China) 
and incubated at 37°C for 5-10 minutes; 

8.	 After the staining process was completed, all 
samples were observed under an ordinary mi-
croscope.

Statistical Analysis
The results were statistically analyzed by SPSS 

software (Inc. Chicago, IL, USA). The one-way 
ANOVA with S-N-K tests, and post-hoc multiple 

comparisons Student’s t-test and F-test for paired 
data were employed to test the probability of signi-
ficant differences between samples with p<0.05

Results

MLR System by hBMSCs and 
T Lymphocytes

During the 5-day co-culture in vivo of hBM-
SCs and T lymphocytes, the 3H-TdR incorpo-
ration showed that in the hBMSCs/hPBMC 
group with ratio 1:5, and with the cpm value of 
11506.98±2483.65, there were significant statisti-
cal differences compared to other groups (p<0.05). 
There was a tendency when the hBMSCs/hPBMC 
ratio decreased, which led to the hBMSCs num-
ber decreased as well with the cpm value increased 
accordingly. However, the cpm values were lower 
than the positive control group (hMLR group). 
Therefore, the hBMSCs’ capability of inhibiting T 
Lymphocytes in MLR was proportionate to their 
cell concentration level. The more hBMSCs, the 
more strength of inhibition, as shown in Figure 1.

Differentiation, Immunofluorescence 
and Immunochemical stain of hBMSCs
Induction Method 1

After differentiation for 2 hours, hBMSCs be-
came visible under the light microscope that the 
cell plasma was contracted to the nuclei, and the 
perinuclear bodies began to be visible. After dif-
ferentiation for 3-5 hours, most of the hBMSCs 
showed neuronal morphology. The bodies of hBM-
SCs became round and had neurite extensions of 
which with some branches at the tip. Some neurite 
extensions were inter-connected with each other 
to form a network structure. However, no cell 
number changed significantly. After differentia-
tion for 3 days, most of the hBMSCs transformed 

Figure 1. “Two way” mixed lymphocyte reaction test at dif-
ferent hBMSCs/hPBMC ratio.



Immunoregulatory effect of neuronal-like cells in inducting differentiation of bone marrow MSC

5045

into bi-polar or multipolar shape, and also had an 
axon-like or dendrite-like process. When stained, 
60-70% of hBMSCs showed NSE positive and 
45-50% GFAP positive. The Nestin-positive cells 
decreased to 3.4%, as shown in Figures 2 and 3.

Induction Method 2
After differentiation for 2 hours, hBMSCs beca-

me a smaller size than usual. The cell plasma was 
contracted to their nuclei and had neurite extensions 
and changed into bipolar and multiple polar sha-
ped cells. After 48 hours, most of the differentiated 
hBMSCs floated above the mediums, then died (Fi-
gure 4). When stained, 40-50% of the cells showed 
NSE positive and 35-40% showed GFAP positive. 
The Nestin-positive cells elevated to 63% after 2 
hours of differentiation, then decreased to 1.6% after 
48 hours (Figure 5A and 5B). It is possible to de-
monstrate that the hBMSCs may differentiate into 
neuron progenitor cells at specified time spot and 
specified concentration level of inducer, then they 
may develop into full grown neuron cells.

Without induction
There were very rare hBMSCs which expres-

sed no GFAP, showed 0.1-0.2% NSE positive and 
10% Nestin-positive (Figure 5C).

Discussion

Recent researches showed the capability of the 
MSCs to inhibit the allogeneic immune respon-
se and alleviate GVHD. The immunoregulatory 

features of MSCs are the most popular research 
hotspots of transplantation10,11. The mechanism of 
MSCs’ immunoregulation is a complex and re-
lated to various factors. The immunogenicity of 
MSCs is relatively low and there are not MHC-II 
type of immunogens, and CD 80 (B7-1), CD 86 
(B7-2) and CD 40 as co-stimulators to the immu-
ne response. Therefore, T Lymphocyte is unable 
to attack MSCs since the messengers are mis-
sing12,13. The immunoregulation features of MSCs 
bring the widespread attention of both domestica-
te and oversea researchers.

However, none of the MHC-II antigens, Fas li-
gand, or co-stimulation T Lymphocyte activation 
factors such as B7-1, B7-2 or CD 40L is expressed 
by MSCs. It was considered that the MSCs are not 
the main cause for the proliferation of allogeneic 
T Lymphocytes14. Some researchers had BMSCs 
co-incubated with IFN-γ. The BMSCs can highly 
express most of MHC-I antigens and even some 
MHC-II antigens by induction. They added CD 
28 during the T Lymphocyte mixed reaction. 
However, all above procedures failed to lead to 
the proliferation of allogeneic T Lymphocytes in 
vitro15. Other researches16-18 demonstrated that de-
spite the stimulators and effectors derived from 
the same or unrelated donors, the MSCs always 
inhibit lymphocytes, and the strength of inhibi-
tion is proportionate with the number of MSCs, 
which meant that the MSCs can regulate the pro-
liferation of T Lymphocytes without MHC. Dini-
cla et al19 added autologous and allogeneic BMSC 
into MLR after peripheral lymphocytes stimu-
lation in vitro, resulted in inhibition of T Lym-

Figure 2. Morphological chang-
es of hBMSCs differentiated in-
to neuron-like cells induced by 
method 1 at (A) 2h (B) 48h (C) 
72h. (Phase Contrast Microscope, 
×100).

Figure 3. Neuron-specific enolase 
was expressed after induction by 
method 1 at (A) 2h (B) 72h (Im-
munofluorescent staining×100) (C) 
48h. GFAP was expressed at 48 
hours after induction by method 1 
(SABC method ×100).
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phocytes. Klyushnenkova et al20 showed that the 
MSC can express the MHC-II antigens and costi-
mulatory molecules such as B7-1. If the autolo-
gous or allogeneic MSCs were introduced into the 
MLR system of the stimulators and effectors, the 
inhibition of the primary and secondary MLR im-
mediately occurred. In overall, MSC has a nega-
tive regulatory capability to elicit T lymphocytes 
proliferative responses due to active suppressive 
mechanisms20.

In the experiment, hBMSCs/hPBMCs=1:5 
group also showed that the stimulated T lym-
phocytes were significantly inhibited by hB-
SMCs after co-cultured with hBSMCs, the 
results accorded with Kramperal’s research. 
Kramperal et al19 believed that the strength of T 
lymphocyte inhibition was proportionated with 
the number of MSCs. They also proved that solu-
ble factors produced during the culture of hBM-
SCs with T Lymphocytes can inhibit the T Lym-
phocyte proliferation. Moreover, such inhibition 
was transmissible, and these factors prevented 
antigen-presenting cells from contacting with T 
lymphocytes. Further researches discovered that 
such inhibition was only functioning to autolo-
gous antigen memory cells and specific T lym-
phocytes, antigen response T lymphocytes were 
excluded from the process. By using neutrali-
zing monoclonal antibodies, such as transfor-
ming growth factor β1 and hepatocyte growth 
factor, hBMSCs would effectively abrogate sy-
nergic effects by both factors and T lymphocytes 
proliferation was revitalized20,21.

Researches on hBMSCs cell cycle showed that 
about 90% of BMSCs were at resting G0/G1 phase. 

After completing the genetic analysis of BMSCs, 
Silva et al22 discovered that BMSCs not only en-
coded the genes of mesenchymal tissues, but also 
the genes of endothelium and epithelium tissues. 
Theoretically, it proved that the BMSCs had mul-
tiple differentiation potentials and were capable 
of differentiating into multiple system/organs de-
rived from different germ layers. Such plasticity 
and potentiality would provide the cell strong ba-
sis for tissue repair.

Neural induction from BMSCs, which deri-
ved from mesoderm, is at the initial stage. Such 
differentiation is called “Trans-differentiation” 
because the mesoderm stem cells are differen-
tiating into ectoderm differentiated cells. All-
trans retinoic acid (ATRA), which is the acid 
derivative of Vitamin A, is able to enhance 
the quantity of neural cells in vitro by the do-
se-dependant effect. It regulates the differen-
tiation of neural stem cells through Epidermal 
Growth Factor (EGF) modulation, and it also 
increases the neuron and astrocyte population 
in vitro. With Nerve Growth Factor (NGF), it 
effectively induces the embryonic stem cell 
to differentiate into neural stem cell 23. Basic 
Fibroblast Growth Factor (bFGF) is relatively 
more widespread and complicated in differen-
tiation. It keeps EGF-induced neural stem cells 
survive and proliferate in vitro, and it induces 
the neural stem cell to differentiate into neuron. 
It is able to keep neuron and neuroglia survives 
in vitro, and it induces the neuronal cell to syn-
thesize neuron-specific gene which products 
SCG-100 and acetylcholine transferase. Also, it 
stimulates the growth of axons in sympathetic 

Figure 4. Morphological chang-
es of bone marrow mesenchymal 
stem cells differentiated into neu-
ron-like cells induced by method 2 
at (A) 2h (B) 24h (C) 48h (Phase 
Contrast Microscope, ×100).

Figure 5. A, GFAP was ex-
pressed at 48 hours after induc-
tion by method 2 (SABC method, 
×100). B, Neuron-specific enolase 
was expressed at 48 hours after 
induction by method 2 (Immu-
nofluorescent staining, ×100). C, 
hBMSCs expressed Nestin (Im-
munofluorescent staining, ×100).
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and parasympathetic nerve cells, which shows 
the mitogen-like features24,25. It was reported 
that, when both bFGF and ATRA were introdu-
ced, 16% BMSCs had neurofilament (NF) in the 
cytoplasm26. Epidermal Growth Factor (EGF) 
is a mitogenic molecule, which promotes neu-
ral stem cell division without species specifi-
city, and it also induces the neural stem cell to 
differentiate into astrocyte and stimulates axon 
extension which keeps neuron survives9. 

NSE and GFAP are two types of cytopla-
sm protein; when NSE is presenting in neurons, 
GFAP is mostly expressed in astrocyte. In the 
experiment, after hBMSCs have been successful-
ly induced, immunofluorescence stain was used 
to show the existence of NSE and GFAP. ATRA 
and BHA were capable of inducing the hBMSC 
to differentiate into astrocyte and neuron. The 
un-induced hBMSCs had Nestin expression. The 
experiment showed that at the initial stage of in-
duction, the Nestin-positive hBMSC increased 
and the Nestin-positive hBMSC decreased. Ove-
rall, it proved that after induction, hBMSCs tran-
sformed from nascent to adult27.

Conclusions

This research showed that hBMSCs were able 
to be isolated and proliferated in vitro. hBMSCs 
are easily obtained, quickly proliferated in vitro 
and are sufficient for transplantation without the 
requirement of immortalization of cell lineage. 
Besides, hBMSCs have multiple differentiation 
potentials and foreign genes are easily transfer-
red and expressed. Also, they are able to be au-
tologous transplanted, which ultimately avoids 
GVHD. Therefore, hBMSCs are the potential 
reliable sources for autologous neuron cell tran-
splantation. The next stage of research has to 
emphasize the purification of hBMSCs. Whether 
or not the induced hBMSCs have similar phy-
siological features as the normal neural cells is 
also left for future study. For the fully functio-
ning neural cells, they are able to synthesize 
the neurotransmitters, set-up neural network by 
dendrite-like connection with other neural cells 
or even other tissues, receive and transmit nerve 
impulses and control all physiological activities 
of the human bodies.
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