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Abstract: Background: Neurodegenerative diseases represent a great medical challenge with marked consequences on 

quality of life of the patients and their families. Parkinson's disease (PD) constitutes a relatively common neurodegenerative 

disorder characterized by defect in dopaminergic neurons. The regenerative effect of mesenchymal stem cells (MSCs) 

stimulated research into their effect in treatment of PD. Subjects and Methods: Leukapharesis-derived MSC were isolated from 

10 leukapharesis products using plastic adherence. Isolated MSCs were passaged, and passage III cells were induced to 

dopaminergic neurones using two-step protocol applying sequentially nerve growth factor and addition of ascorbic acid. 

Neuronal induction was evaluated by immunostaining against neurofilament protein, while dopaminergic neurons induction 

was evaluated using immunostaining against tyrosine hydroxylase. Results and Conclusions: MSCs were isolated in a rate of 

0.12%-0.15% of leukapharesis cells, with viability ranging from 70-96%. NF positivity was 15.38±3.84, while the percentage 

of cells stained for TH was 5.94±0.65.MSCs could be successfully induced to dopaminergic neuron-like cells in vitro. 
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1. Introduction 

Parkinson’s disease (PD) is the most common 

neurodegenerative disorder next only to Alzheimer’s disease 

(1). The disease is caused by the loss of midbrain dopamine 

neurons resulting in decrease in striatal dopamine (2). The 

worldwide prevalence of PD ranges from 57 to 230 per 

100,000 persons (3). 

Stem cells represent a good promise as an inexhaustible 

source for novel cell-based therapies for (PD), with excessive 

recent work exploring stem cells properties and 

differentiation into different cell types (4). They have been 

heavily investigated for their potential to differentiate into 

dopaminergic neurons either spontaneously or through 

certain induction protocols (5). Mesenchymal stem cells 

(MSCs) represent an easily accessible source of stem cells 

that have few ethical problems and can be efficiently 

expanded in vitro to provide strong opportunities for clinical 

application(6). They showed promising results especially in 

delivering trophic factors for treating PD and other 

neurodegenerative diseases (7). 

Mesenchymal stem cells MSCs) represent a heterogeneous 

population of cells with multipotent capabilities. MSCs 

possess a number of characteristics which make them ideal 

candidates for regenerative therapy. They can be easily 

obtained from a number of sources, can be expanded in vitro 

and possess angiogenic and paracrine activity stimulating 

regeneration(8). 

MSCs can be harvested from many sources, namely, bone 

marrow, adipose tissue and peripheral blood after stem cell 

mobilization (leukapharesis)(9). Leukapharesis is the least 
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invasive method of MSCs collection, with documented 

mobilization of bone marrow-MSCs using G-CSF(10). 

It is now proven that Bone marrow MSCs (BMSCs) do not 

spontaneously differentiate in vivo after transplantation, and 

even if they differentiate, the differentiated cells would be 

extremely low. Therefore, in clinical practice, establishing a 

specific protocol for inducing BMSCs to produce dopamine 

neurons prior to transplantation is essential (11). Based on 

the fact that BMSCs proliferate rapidly in culture as an 

adherent population and differentiate into several lineages, 

they can provide cells useful for tissue engineering and gene 

therapy (12). 

The aim of the present study is to establish a reproducible 

in-vitro protocol to induce the human MSCs derived from 

peripheral blood, after mobilization from bone marrow, to 

differentiate into DA neurons; as a potential cellular therapy 

for PD. 

2. Subjects and Methods 

2.1. Subjects 

The study included 10 healthy donors after confirmed 

verbal consent. The age of the donors ranged from 25 to 35 

years with a mean age of 29.60 ± 3.20 years old. Their mean 

weight was 75.00 ± 7.29 Kg They were eight males and two 

females. The donors were subcutaneously injected with G-

CSF (Filgrastim) in a single daily dose of 10 µg/kg for 5 days. 

Then collection of peripheral blood mononuclear cells 

(MNCs) by aphaeresis was done on the fifth day one hour 

after injection of the last dose according to Waller et al, 

2010(13). 

2.2. Methods 

2.2.1. Mesenchymal Stem Cell Isolation 

Total leucocytic counts were determined before and after 

mobilization. MNCs were collected leukapheresis. 

MSCs were plated in a density of 5X105 cells in T25 

flasks in complete DMEM low glucose medium containing 

10% fetal bovine serum, 1% penicillin-streptomycin and 10% 

L-glutamine. Flasks were incubated at 37ºC in 5% CO2 

humidified incubator. After 24 hours, non-adherent cells were 

removed and medium was replenished. Medium was changed 

every 3 days and flasks examined under inverted microscope 

until cells 85% confluence Sotiropoulou et al 2006 (14). 

Harvest of MSCs was one using 0.05% trypsin-EDTA, 

harvested cells were counted, and tested for viability using 

trypan blue exclusion test. 

Cells were passaged as before and MSCs harvested from 

passage III were used for induction of neuronal 

differentiation. 

Identification of MSCs was done using 

immunophenotyping (CD90,CD105, CD73, CD34, CD45), 

and trilineage differentiation (R&D SC006). 

2.2.2. Induction of Neuronal Differentiation 

Passage III MSCs were induced using 20ng/ml nerve 

growth factor in complete high glucose DMEM in laminin 

coated tissue culture plates. Cells were followed 

morphologically and medium changed every 3 days for 2 

weeks. Identification of neuronal induction was done using 

immunostaining for neurofilament protein.  

2.2.3. Induction of Dopaminergic Neuron Differentiation 

Induction of dopaminergic differentiation in neural-

induced MSCs was done by the addition of 30ul/ml ascorbic 

acid to the nerve growth factor-containing media described 

above in laminin coated plates (Yan et al., 2001(15, 16). 

Cultures were incubated for 7-10 days in 5% CO2 incubator. 

Evaluation of dopaminergic differentiation was done using 

immunohistochemical staining against tyrosine hydroxylase. 

Immunohistochemical staining was done according to the 

method used by Bancroft and Cook, 1994 (17). 

Immunohistochemical staining was done for detection of 

neurofilament (NF) and for tyrosine hydroxylase (TH). 

Positive tissue control and negative tissue controls were used. 

Detection of both antibodies was done using Histostain SP kit 

according to manufacturer instructions. Positive cells for both 

NF and TH showed brown cytoplasmic deposits while 

Immunoreactivity was absent in negative controls in which 

the primary antibody was omitted. Morphometric study was 

done using Leica Qwin 500 image analyzer computer system 

Ltd. (Cambridge, England) 

Number of NF and TH immunopositive cells (i.e. cells 

with brown cytoplasmic deposits) was counted in the 

specimens under 400x magnification. And their percentage in 

relation to the total number of cells was calculated. The data 

was expressed as mean + SD and comparison between the 

NF and TH immunoexpression was done using student T-test  

3. Results 

The total leucocytic count (TLC) before mobilization 

ranged from 6 x 10³-14 x 10³ /mm³ while after mobilization it 

ranged from 80 x 10³-280 x 10³ / mm³. Mean MSCs isolated 

from each flask ( containing an initial cell count of 500,000) 

was 60,000±5,000 (0.12%). Viability index of MSCs was 

determined after culture and ranged from 70% -96% with a 

mean of 84.10% ± 8.57%. 

MSCs before neural induction showed fibroblastoid 

morphology (Figure 1). Surface marker expression shows 80-

90% positivity of CD90, CD105 and CD73 with 0.1-3.2% 

positivity for CD34 and CD45. 
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Fig. (1a). Inverted microscope image x 400 of adherent MSCs with floating non adherent cell at day

Fig. (1b). Inverted microscope image x 400

4. Morphology of Neural-Induced MSCs

4.1. 1-Morphological Changes 

MSCs had a typically adherent spindle shap

inverted microscope. At step 1, changes in cell morphology 
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Inverted microscope image x 400 of adherent MSCs with floating non adherent cell at day

microscope image x 400 displayed adherent MSCs that acquired a more defined MSCs morphology after 2 weeks

Induced MSCs 

MSCs had a typically adherent spindle shape under an 

At step 1, changes in cell morphology 

could not be observed. During further culturing, with 

addition of growth factors, the rate of cell proliferation 

decreased and these spindle-like cells became short and 

conversed to round epithelial like cells. 
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Inverted microscope image x 400 of adherent MSCs with floating non adherent cell at day 5. 

 

displayed adherent MSCs that acquired a more defined MSCs morphology after 2 weeks. 

could not be observed. During further culturing, with 

addition of growth factors, the rate of cell proliferation 

like cells became short and 

l like cells. (figure 2). 
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Fig. (2a). Inverted microscope image x 200 of differentiated cells day 3D post differentiation. 

 

Fig. (2b). Inverted microscope image x 200 of differentiated cells day 3D post differentiation. 
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Fig. (2c). Inverted microscope image x 200 of differentiated cells day 6 post differentiation. 

4.2. Results of Immunostaining 

Sections of rat midbrain which were used as positive 

control showed large number of cells with positive 

neurofilament (NF) and tyrosine hydroxylase (TH) 

immunostaining. This immunostaining appeared as brown 

cytoplasmic deposits.The cultured specimens that were used 

as negative control showed no brown cytoplasmic deposits 

within the cells. 

All the cultured specimens immunostained with anti NF 

antibody showed some scattered immunopositive cells with 

brown cytoplasmic deposits after staining (Figs. 3- 4 A and 

B). 

 

Fig. 3. A photomicrograph of a specimen of the cultured MSCs (taken from the donor number four) differentiated into nerve cells, showing scattered cells with 

brown cytoplasmic deposits (→) (i.e. positive NF immunoreactivity). (Immunohistochemical stain for NF, x400). 
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Figs. 4. a (above) and b (below): Higher magnification of the previous specimen showing positive (→) and negative (►) NF immunoreactive 

cells.(Immunohistochemical stain for NF, x1000) 

In addition, the immunostained specimens stained with 

anti TH antibody showed fewer cells with brown cytoplasmic 

deposits (Figs. 5-6). TH stains dopaminergic (DA) neurons 

specifically. 

Percentage of cells stained for NF was 15.38±3.84, while 

the percentage of cells stained for TH was 5.94±0.65 as 

shown in figure 7. 
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Fig. 5. A photomicrograph of a specimen of the cultured MSCs (taken from the donor number seven) differentiated into dopaminergic neurons, showing a 

single cell with brown cytoplasmic deposits (→) (positive TH immunoreactivity). (Immunohistochemical stain for TH, x400) 
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Fig. 6. a (above)&b(below): Higher magnification of the previous specimen showing a cell with positive immunoreactivity (→) together with negative TH 

immunoreactive cells. (Immunohistochemical stain for TH, x1000) 

 

Fig. 7. percentage of cells stained for NF was 15.38±3.84, while the percentage of cells stained for TH was 5.94±0.65. 

5. Discussion 

The current study explored the in-vitro ability of human 

MSCs derived from peripheral blood, after mobilization from 

bone marrow, to differentiate into DA neurons. 

In the present study, the donors were given Granulocyte-

colony stimulating factor (G-CSF) to mobilize stem cells 

from the bone marrow. It was previously declared that the 

administration of G-CSF daily for 4 to 6 days resulted in a 10 

to 30 fold increase in the number of circulating stem cells 

(18,19). The dose of G-CSF (Filgrastim) used in this study 

was 10µg/kg/day injected once daily for 5 days 

subcutaneously as recommended by other studies (20,21). 

Collection of peripheral blood MNCs by apheresis was done 

on the fifth day one hour after injection of the last dose.  

Administration of G-CSF and subsequent leukapheresis 

were usually well tolerated by donors, with short-term side 
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effects mainly consisting of mild symptoms, such as bone 

pain, headache and myalgia. Concerning the long-term side 

effects, Quillen and co-workers reported a 10-year follow-up 

of unrelated volunteer donors who received multiple cycles 

of G-CSF and considered that stimulation with G-CSF is safe 

and not associated with long-term vascular, hematologic or 

malignant complications (22). MSCs were isolated from 

MNCs by conventional plastic adherence which is routinely 

done. MSCs were identified according to the criteria 

proposed by the International Society of Cellular therapy (23). 

In this work, mean MSCs isolated from leukapharesis 

product was 0.12% with viability index after culture of 

(84.10%±8.57%). In contrast to some researchers who 

reported that the number of MSCs isolated from mobilized 

and non-mobilized PB by conventional plastic adherence was 

negligible in all the samples tested (24). This may be related 

to the natural resistance of the cells of mesenchymal origin to 

migrate out of the organ of residence, other investigators 

found that the success of plastic adherence method for MSCs 

isolation from mobilized PB was limited and they could 

establish cultures in only 50% of six attempts (25)(26). 

The culture done in this work was on DMEM media 

supplemented with 20% FCS as most current protocols for 

in-vitro culture of MSCs included it. Serum supplementation 

is important because it provides the cells with vital nutrients, 

attachment factors and growth factors. There are several 

published clinical trials using cultured human MSCs for the 

treatment of various disorders, all of which used FCS for 

supplementing the culture medium, demonstrating so far that 

FCS did not cause any significant side effects. Moreover 

human MSCs grown in FCS were shown to be more efficient 

in suppressing alloantigen-induced lymphocyte proliferation; 

suggesting that FCS-supplemented medium is more suitable 

for preventing or treating alloreactivity-related immune 

complications (27). 

In this study, the differentiation process was performed 

through two steps. The first step was adding nerve growth 

factor (NGF, 20 µg/ml) to the culture media for induction of 

nerve cells from MSCs. Five members of this family have 

been identified; they are brain-derived neurotrophic factor, 

nerve growth factor, neurotrophin 3, neurotrophin 7 and 

neurotrophin 4/5. Neurotrophins could influence neuronal 

functions such as cell survival and axonal growth. They also 

exhibit a potent neuroprotective ability as well as promoting 

regeneration of degenerated neurons (28,29). 

The second step in the differentiation process of the 

present work was using ascorbic acid (AA) for the induction 

of DA neurons. AA is a water-soluble antioxidant, which acts 

as a cofactor in various biochemical reactions, and notably in 

catecholamine synthesis. Yan et al. 2001 mentioned that 

treatment with AA enhanced the DA differentiation of MSCs 

leading to more than 10-fold increase in DA neurons 

induction in untreated cultures. They reported that the 

dopaminergic effect of AA could not be mimicked by other 

antioxidants. Therefore, they concluded that pre-treatment of 

in-vitro expanded cultured stem cells with AA may induce 

large-scale generation of DA neurons that can be used for 

clinical transplantation (16). 

Volpicelli et al. in 2004 tested the effect of adding AA for 

three days after six days of stimulation with NGF, and 

reported four to seven fold increase in tyrosine hydroxylase 

(TH) positive cells, as compared with cultures treated for 6 

days with NGF alone (30). Some studies showed that the 

addition of AA enhanced the differentiation of stem cells 

into both neurons and astrocytes, an action unique to AA 

and not shared by other antioxidants such as glutathion and 

vitamin E (31). 

Immunostaining of cultured cells in the present work was 

done using anti NF and anti TH antibodies. NF labels 

neurons, while, TH (involved in the conversion of tyrosine 

to dopamine) is used as a marker for DA neurons. The 

percentage of immunopositive cells stained for NF was 

15.38±3.84, while the percentage of immunopositive cells 

stained for TH was 5.94±0.65. 

This was in consistent with Farkas et al. 2003 who found 

that approximately one-third of the cells (20.9%) stained for 

NF while 8.7% of the cells showed TH positivity (32). In 

addition, Jiang et al. 2003 found that 65% of cells stained 

positive for nestin while 25% of cells expressed DA neuron 

markers (33). Correia et al. 2008 reported 3% TH positive 

cells in the absence of the growth factor but it increased to 

15% in its presence (34). On the other hand, Trzaska et al. 

2009 found more than 90% of the induced MSCs 

expressing NeuN and beta-III-tubulin and 70% expressed 

TH (35). 

6. Conclusion 

This study suggests that MSCs might have a great 

therapeutic potential for neurological diseases since they 

could be easily obtained from peripheral blood after their 

mobilization using G-CSF. In addition, they could be isolated, 

expanded and differentiated into DA neurons. However, 

further studies are needed to ensure the long-term safety and 

efficacy of these differentiated DA neurons for in-vivo 

applications. 
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