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Objective(s): Studies have confirmed that microgravity, as a mechanical factor, influences both 
differentiation and function of mesenchymal stem cells. Here we investigated the effects of simulated 
microgravity on neural differentiation of human adipose-derived stem cells (ADSCs). 
Materials and Methods: We have used a fast rotating clinostat (clinorotation) to simulate microgravity 
condition. Real-time PCR and flow cytometry analysis were used to evaluate the regulation of 
neurotrophins, their receptors, and neural markers by simulated microgravity and their impact on 
neural differentiation of cells.  
Results: Our data revealed that simulation microgravity up-regulated the expression of MAP-2, BDNF, 
TrkB, NT-3, and TrkC both before and after neural differentiation. Also, the neural cells derived from 
ADSCs in microgravity condition expressed more MAP-2, GFAP, and synaptophysin protein in 
comparison to the 1G control.  
Conclusion: We showed that simulated microgravity can enhance the differentiation of mesenchymal 
stem cells into neurons. Our findings provide a new strategy for differentiation of ADSCs to neural-like 
cells and probably other cell lineages. Meanwhile, microgravity simulation had no adverse effects on 
the viability of the cells and could be used as a new environment to successfully manipulate cells.  
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Introduction 
While the peripheral nervous system has an intrinsic 

capacity for repair and regeneration, the mammalian 
central nervous system (CNS) has a very limited ability 
to replenish neuronal loss following an injury, and is 
unable to regenerate correct axonal and dendritic 
connections between cells (1). Although an adult 
human brain has a few neural stem cells (2, 3), these 
cells have a limited capacity to participate in 
regenerating processes (4). In recent years, stem cell 
biology has provided the novel option for the study and 
cell therapy of neurodegenerative diseases (5-7). Due 
to ethical, biological, and safety issues, therapeutic use 
of embryonic stem cells has not been generally 
accepted. In the past decades, more attention has been 
paid to the use of adult stem cells in regenerative 
medicine (8-10).  

Mesenchymal stem cells (MSCs) are heterogeneous 
populations of multipotent stem cells that can be 
isolated from different adult tissues, including bone 

 

marrow (7-9), adipose tissue (11), umbilical cord blood 
(12), peripheral blood (13), dermis (14), amniotic fluid 
(15), and even tumors (16). Since adipose tissues are 
abundant and easy to access by less invasive methods, 
they are ideal sources of adult stem cells. They are able 
to differentiate into mesodermal and non-mesodermal 
cell lineages, such as osteocytes (17), adipocytes (18), 
chondrocytes (19), cardiomyocytes(20), fibroblasts (21), 
myofibroblasts (22), epithelial cells (23), hepatocytes 
(24), and neurons (25).  

Many studies have shown that neural-like cells 
derived from MSCs have the ability to repair CNS 
injuries (26-28). However, recovery from injury after 
transplantation of these cells depends on the secretion 
of the appropriate amount of growth factors and their 
ability to survive for a long period. To date, different 
methods have been employed to induce neural 
differentiation of MSCs, and to increase the efficiency of 
differentiation, such as using chemical inducers, growth 
factors, and co-culture with neural cells (7-9, 27-29). In 
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recent years, biophysical forces such as flow, shear stress, 
and microgravity are increasingly being used as a nove 
culture methodology to manipulate cells along with 
biochemical techniques (30-33). Microgravity, as a 
mechanical factor, has been confirmed to affect cell 
growth and physiology. Numerous studies have 
demonstrated the effect of microgravity on intracellular 
signaling mechanisms, cell secretions, and gene 
expression. It has been shown that microgravity can 
stimulate the cell proliferation and cell differentiation, 
and triggers cells to grow within three-dimensional 
aggregates (34-36). Furthermore, simulated microgravity 
can accelerate differentiation of MSCs (37).  

Briefly, the aim of present study was to investigate 
the effect of simulated microgravity on neural 
differentiation of adipose-derived stem cells (ADSCs). 
We have analyzed the expression of neurotrophins 
(NGF, BDNF, and NT-3) and their receptors (high-
affinity tropomyosin-related kinase receptors; TrkA, 
TrkB, TrkC) as main regulators of neuronal survival and 
death before and after transdifferentiation of ADSCs.  

 
 

Materials and Methods 
All experiments were approved by the Clinical 

Research Ethics Committee of the Medical Laser 
Research Center, ACECR, Tehran, Iran. Each human 
subject signed a consent form. 

 
Isolation and culture of ADSC 

Human subcutaneous adipose tissue was obtained 
from 5 healthy women (aged 34–48) undergoing 
cosmetic liposuction surgery and transferred to the 
Aerospace Research Institute, Tehran, Iran in sterile 
conditions. After removing the blood phase, adipose 
samples were washed with Hank's balanced salt 
solution (HBSS; Biowest, France) and used for stem cell 
isolation.  

Cell isolation was done as described by Zuk et al, 
(2001) (38). Briefly, adipose tissue (suspended in HBSS 
solution) was digested with 1 mg/ml of collagenase 
type 1 A (Sigma, USA) for 60 min at 37 °C and 
continuously shaken to detach the stromal cells from 
adipocytes. Then, the adipose suspension was diluted 
with equal volume of DMEM media (Dulbecco's Modified 
Eagle Medium; Biowest, France) supplemented with 
10% fetal bovine serum (FBS; Biowest, France) to 
neutralize the collagenase and centrifuged at 400 g for 
10 min. After discarding the supernatant (floated 
adipose cells), the stromal vascular pellet was 
dispersed in DMEM media containing 10% FBS, 1% 
antibiotic-antimycotic solution (Biowest, France) and 
seeded on a T25 flask (TPP, Switzerland). Cultures were 
incubated in humidified incubator at 37 °C with 5% CO2. 
On the next day, cellular debris, as well as the non-
attached cells were eliminated by changing the medium 
and replaced with the fresh medium. Adherent MSCs 
were maintained at 80% confluence and sub-cultured 
with trypsin/EDTA (Biowest, France) when required. 

Cell count was determined by hemocytometer. Cells at 
passages 4 or later were used for the analysis of MSC 
surface markers and differentiation experiments. 
 
Flow cytometry analysis of ADSC  

ADSCs at passage 4 underwent FACS analysis for 
CD34, CD45, CD73, CD90, and CD105 to characterize 
stem cell surface antigen and the effectiveness of the 
selection method. These surface antigens are known 
markers associated with ADSCs (39, 40). Cells were 
harvested with 25% trypsin/EDTA and suspended in 
phosphate-buffered saline (PBS) (3 × 105/100 µl for 
each reaction) and then incubated for 30 min at 4 °C 
with the phycoerythrin (PE) and fluorescein isothiocyanate 
(FITC) conjugated antibodies (BD Biosciences PharMingen, 
USA) against CD90-PE, CD105-FITC, CD73-PE as positive 
marker and CD34-PE ,CD45-FITC as negative marker. 
Samples were analyzed using a Cyflow Space (Partec, 
Germany) flow cytometer. Data were then analyzed by 
the FloMax software (version 2.70).  

 

ADSCs multilineage differentiation potential 
Under the appropriate conditions, ADSCs have the 

ability to differentiate into osteoblasts, adipocytes, and 
chondrocytes. In this study, to demonstrate multipotent 
potential of the isolated cells, adipogenic and osteogenic 
differentiation were induced using human mesenchymal 
stem cell functional identification kit (R&D systems, USA) 
according to the manufacturer’s recommendations. 

For adipogenic differentiation, ADSCs were plated 
into a 6-well culture plate at an initial density of 
2.1×104 cells per cm2 in Alpha-MEM media (Biowest, 
France) supplemented with antibiotics and 10% FBS 
and allowed cells to reach 90-100% confluence. After 
the cells reached confluence, the medium was replaced 
by the adipogenic induction medium (R&D systems, 
USA): α-MEM, hydrocortisone, 3-isobutyl-1-methyl-
xanthine, and indomethacin. The medium was renewed 
every 3 days. After 9 days, adipogenic induction was 
confirmed by Oil Red O staining of cytoplasmic lipid 
droplets. Observation of Oil Red droplets with light 
microscopy indicated the differentiation of ADSCs into 
adipocytes.  

For osteogenic differentiation of ADSCs, ADSCs were 
plated into a 6-well culture plate at an initial density of 
2.1×104 cells per cm2 in Alpha-MEM media supplement- 
ed with antibiotic and 10% FBS and allowed cells to 
reach 50–70% confluence. After the cells reached 
confluence, the medium was replaced by the osteogenic 
induction medium (R&D systems, USA): α-MEM, 
dexamethasone, ascorbic acid-2-phosphate, and β-
glycerophosphate. The medium was renewed every 3 
days. After 14–21 days, cells started to detach and 
osteocytes were prepared. Osteogenic induction was 
confirmed by Alizarin Red S staining of extracellular 
matrix calcium deposition. Observation of bright 
orange-red calcium deposits with light microscopy 
indicated the successful in vitro bone formation. Briefly, 
cells were washed with PBS and fixed with 10% 
formalin for 30 min at room temperature and then, 
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washed with distilled water. Cells were stained with 
2% Alizarin Red S and incubated at room temperature 
for 1 hr in the dark. After careful aspiration of the 
Alizarin Red S staining solution, cells were washed four 
times with distilled water and examined under light 
microscopy. 
 
Neural differentiation  

ADSCs were plated into a 96-well culture plate. 
Neural differentiation was induced as described 
previously (41). Briefly, pre-induction was performed 
by discarding the medium and adding new DMEM 
medium containing 20% FBS and 10 ng/ml bFGF 
(Roche) for 24 hr. On the next day, the medium was 
removed; then neural induction medium (NIM) was 
added to the culture and was renewed every day by 
discarding half of the medium and adding new NIM. 
The composition of NIM was: DMEM supplemented 
with 2% DMSO, 10 ng/ml bFGF, 100 μM butylate 
hydroxyanisole (Sigma, USA), 10 μM Forskolin (Sigma, 
USA), 25 mM KCl, 2 mM valproic acid, and 5 μg/ml 
insulin. Samples were divided into 4 groups: 1- control 
group without rotation (samples in normal gravity; 1G= 
one gravity) in growth medium, 2- control group without 
rotation in neural differentiation medium, 3- simulated 
microgravity group with clinorotation (samples in 
simulated microgravity: 0.001G) in growth medium, 
and 4- simulated microgravity group with clinorotation 
in neural differentiation medium. The cells were 
monitored continually after neuronal induction and 
were used for RNA extraction or subjected to assays at 
specific time points.  
 
Microgravity simulation  

2D clinostat was used for simulating microgravity. 
Through rotation, this device prevents gravity from 
affecting cells. Clinostat was sterilized by ultraviolet 
light and 70% ethanol and put in a 37 °C CO2 incubator. 
ADSCs were seeded at a density of 2 × 106 cells on 
tissue culture tube (TPP, Switzerland) or at a density of 
5 × 104 cells on 96-well plates. After cell adhesion, tubes 
or plates were completely filled by medium 
supplemented with antibiotics and 10% FBS to prevent 
the presence of air bubbles. To maintain the pH 

balance, the medium was supplemented with 15 mM 4-
(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES). 
Samples were fixed at the center of the device. The 
clinostat rotation speed was 20 rpm and the rotation 
times were 6, 24, and 48 hr. 

 
Flow cytometry analysis of differentiated ADSCc 

After differentiation, neural-like cells were analyzed 
by flow cytometry to detect the expression level of 
neural markers. Cells were permeabilized using 70% 
ethanol. Non-specific antibody binding was blocked 
with the combination of 10% goat serum in primary 
antibodies. The primary antibodies were against the 
MAP-2 (Cell signaling company, U.S.A), synaptophysin 
(eBioscience, U.S.A), and GFAP (ebBioscience, U.S.A). 

The primary antibodies were added and incubated 
for 3 hr at room temperature. Binding of primary 
antibodies was revealed with specific secondary anti-goat 
IgG-FITC (Abcam, 1:50) for 1 hr at room temperature. 
Samples were analyzed using a Cyflow Space                                   
flow cytometer. Data were then analyzed by the FloMax 
software. 
 
Analysis of gene expression by real-time quantitative 
PCR  

The expression of neurotrophin, their receptors, 
ADSC marker, and neural lineage markers were 
performed by real-time quantitative PCR. Total RNA 
was extracted from undifferentiated and differentiated 
samples using an RNA isolation kit (Cell AmpTM Direct 
RNA Prep Kit for RT-PCR; Takara, Japan), frozen 
immediately in liquid nitrogen, and stored at −75 °C 
until the time of use. One microgram of total RNA was 
used for cDNA synthesis using Prime ScriptTM RT 
reagent Kit (Takara, Japan) in a 20 μl reaction and 
according to the manufacturer’s recommendations.  

Real-time PCR was performed using StepOnePlus 
real-time PCR (Applied Biosystems, USA) and SYBR 
Green real-time Master Mix kit (Takara, Japan). Cycling 
conditions were: 94 °C for 2 min; followed by 40 cycles 
of 95 °C for 5 sec and 60 °C for 30 sec. To ensure specificity 
of PCR products, PCR melt curves were performed for 
each gene after real-time PCR. Changes in the fold

 

Table 1. Sequence of PCR primers 
 

Gene Ref Seq Primer sequence (5´ to 3´) PCR product length (bp) 

NGF NM_002506.2 Forward : GGTCATCATCCCATCCCATCTT 
Reverse: GTTCACCTCTCCCAACACCATC 

131 

BDNF NM_001709.4 Forward: GAAGGCTGCCCCCATGAAAG 
Reverse: GACTACTGAGCATCACCCTGG 

248 

NTF3 (NT-3) 
 

NM_002527.4 Forward : CACCGAACTGCTGCGACAAC 
Reverse: CGTTTCCGCCGTGATGTTCT 

147 
 

TrkA 
 

NM_002529.3 Forward : CTTCCTCCGATCCCATGGAC 
Reverse : CCCACTAGACAGTTGCGTGT 

180 

TrkB NM_006180.4 Forward: ACACCACGAACAGAAGTAATGAA 
Reverse: CCCACCACAGACGCAATCAC 

106 

TrkC 
 

NM_002530.3 Forward: CGCAGTCTTCACACGCTCAAC 
Reverse: AGAGTGTGGTGAGCCGGTTAC 

163 

MAP-2 
 

NM_002374.3 Forward: TGGCGGACGTGTGAAAATTG 
Reverse: ATGGTCCACACGGGCTTTAG 

166 

GNL3 
 

NM_206826.1 Forward: TCCGAGCTTCATCGTATCTCC 
Reverse: ACTTCAATACTTGCTGGACTTCG 

72 

GAPDH NM_002046.5 Forward: GGAAGGTGAAGGTCGGAGTCA 
Reverse: TCATTGATGGCAACAATATCCACT 

101 
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number were calculated by using the 2ΔΔCt method, 
which was normalized by glyceraldehyde-3-phosphate 
dehydrogenase gene (GAPDH) as the housekeeping 
gene. Relative expression was evaluated using the REST 
2009 software (version 2.0.13). Gene-specific primers 
were designed and ordered as described in Table 1. All 
primers were synthesized by Macrogen (South Korea).  
 

MTT assay 
Cell viability was done as described previously (41) 

by using the colorimetric 3-(4,5- dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT). Briefly, 20 μl 
of MTT reagent (Sigma, USA; 10 mg/ml) was added to 5 
× 104 cells cultured in 96 well plates in a final volume of 
200 μl. The cells were incubated for 3 hr at 37 °C. Then 
200 μl of dimethyl sulfoxide (DMSO) was introduced, as 
the solvent reagent. The amount of formazan produced 
from MTT cleavage was quantitated with an ELISA 
plate reader (BioTech Company, USA), at 570 nm 
wavelength. 
 

Statistical analysis 
All data are presented as the mean±SEM. One-Way 

ANOVA with Tukey’s post hoc test, as well as non-
parametric Mann–Whitney tests, were used for 
comparison of the expression of selected genes in all 
samples using SPSS 15. P<0.05 was considered 
significant. All experiments were replicated at least 
twice. 

 
 

Results 
Isolation of ADSC and culture 

We extracted mesenchymal cells from human 
adipose tissue and cultured the cells as mentioned 
above. We selected them positively based on their 
ability to adhere to the plastic surface of the cell culture 
flask. ADSCs exhibited the fibroblast-like spindle shape 
after 48 hr and reached 70-80% of cell confluence after 
4 days (Figure 1). Morphology of ADSCs has been 
changed after exposure to simulated microgravity. We 
observed that cells became rounded after 3 days of 
microgravity treatment (Figure 2).   
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Isolation of ADSCs with the enzymatic method from 
lipoaspirate tissues. Fibroblast-like spindle shape cells were 
observed after 48 hr culture of the stromal vascular pellet in cell 
culture flask. (A) 3 hr after extraction; note the presence of oil 
spots (remains of digested fat). (B and C) After changing medium 
ADSCs at 70% of confluence at passage 2 (B) and at passage 4 (C) 
were observed 

 
 
 

 
 
 
 
 
 
 
 
 
Figure 2. Morphology of ADSCs after 3 day exposure to microgravity. 
Round cells were observed after 3 day exposure to simulated microgravity 
 

Cell surface markers 
Flow cytometry analysis of the cells at passage 2 

demonstrated that more than 95% of the cells were 
positive for MSCs associated antigens, CD90, CD73, and 
CD105 and negative for hematopoietic markers such as 
CD34 and CD45 antigens (Figure 3E). These results 
confirmed that the isolated cells were MSCs. The 
presence of surface markers was examined by RT-PCR, 
too. Extracted cells showed the mRNA expression of 
CD90, CD73, and CD105 (Figure 3E). We cannot detect 
the expression of CD34 and CD45 markers by RT-PCR 
(data not shown). 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Characterization of ADSCs. Differentiation of human 
ADSCs to adipocyte and osteoblast lineages. (A and C) ADSCs 
cultured in control media; (B) ADSCs cultured in adipogenic media 
for 9 days and stained with alkaline phosphatase; Observation of 
Oil Red droplets by light microscopy indicated the differentiation 
of ADSCs into adipocytes. (D) ADSCs cultured in osteogenic media 
for 15 days and stained with Alizarin Red S. Observation of bright 
orange-red calcium deposits by light microscopy indicated the 
successful in vitro bone formation. (E) Cell surface markers 
analysis of MSC. Third-passage of isolated ADSCs was positive for 
CD90, CD73, and CD105 (markers of MSC) and negative for CD34 
and CD45 markers (hematopoietic markers) 
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Analysis of ADSCs multipotency 
To determine their multipotent capacity, the 

isolated ADSCs were differentiated into adipocyte and 
osteocyte. Adipogenic differentiation was demonstrated 
by accumulation of lipid-rich vacuoles detected with Oil 
Red O staining (Figure 3B), and osteogenic differentiation 
was confirmed by calcium deposit production in 
extracellular matrix observed in Alizarin Red (Figure 
3D). These results indicated that the isolated cells exhibit 
characteristics of mesenchymal stem cells and have 
adipogenic and osteogenic potentials.  
 
Neural differentiation 

Neural induction was done on passage 4 and in 96 
well plates. After adding neural induction medium, 
samples were divided into two groups: simulated 
microgravity group (samples were placed in clinostat) 
and control group (cells were differentiated in normal 
conditions; 1G). Cell morphology starts to change after 
3 hr and neural-like cells can be observed (Figure 4). 
 
Analysis of gene expression by RT-PCR and real-time 
quantitative PCR  

To evaluate the effect of microgravity on neural 
gene expression, ADSCs were collected after 6, 24, and 
72 hr of treatment by clinostat. Neuron-like cells were 
collected after 6, 24, and 48 hr of treatment by clinostat, 
too. We employed quantitative reverse-transcription 
polymerase chain reaction to measure any changes in 
gene expression of neurotrophins, their receptors, and 
neuronal markers. Our selected genes were: GNL3 
(Nucleostemin), MAP-2, NGF (Ngfb) and its receptor 
TrkA (Trk1), BDNF and its receptor TrkB (Trk2), NT-3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4. Neuronal differentiation of ADSCs. The phenotype of the 
cells appeared to change rapidly following the addition of neural-
induced medium. (A) Undifferentiated ADSC. (B and C) Cells after 
24 hr of neuronal induction, big round cell bodies were formed 
and neurotic-like processes appeared 

   
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 5. Real-time PCR analysis of GNL3, MAP-2, NGF, TrkA, 
BDNF, TrkB, NT-3, and TrkC in ADSCs; 6 hr, 24 hr, and 72 hr after 
simulated microgravity treatment compared with the 1G group. 
Gene's expressions were normalized to endogenous GAPDH in the 
same samples. The expression of GNL3, MAP-2, BDNF, TrkB, NT-3, 
and TrkC showed a gradual and significant up-regulation following 
microgravity treatment. Results represent three independent 
experiments. P<0.05 considered as significant. (a) Statistically 
different from the control group, (b) statistically different from the 
previous time-scale group, and (c) statistically different from the 
next time-scale group 

 
(Ntf-3) and its receptor TrkC (Ntrk3). Our results 
showed that microgravity enhanced expression level of 
these genes before neural induction (Figure 5). The 
expression of GNL3, MAP-2, BDNF, TrkB, NT-3, and TrkC 
showed a gradual and significant up-regulation 
following microgravity treatment. The expression of 
MAP-2 and BDNF increased up to 2.5 fold over the 
control level at 72 hr after microgravity simulation, 
GNL3 and TrkB increased up to 2 fold and NT-3 and its 
receptor TrkC increased up to 1.7 fold over the control 
level. The level of NGF expression slightly increased 
(about 10%) by 72 hr after microgravity simulation and 
we could not detect any changes in TrkA expression 
following microgravity treatment in comparison to the 
control group.  

After neural induction, compared to the control 
group (1G experiment), the expression of GNL3 slightly 
decreased 48 hr after microgravity treatment (Figure 
6). In contrast to GNL3, simulated microgravity 
increased the expression of MAP-2, BDNF, and TrkB. 
Following the microgravity treatment, the expression of 
MAP-2 increased gradually (50%) by 48 hr. The 
expression of BDNF and its receptor TrkB increased 
50% following microgravity induction (after 6 hr) and 
remained constant at this level throughout the rest of 
the experiments, for 48 hr. Expression changes of NGF 
and TrkA were similar before and after neural 
induction. The level of NGF and NT-3 expression slightly 
increased (about 10%) by 48 hr after microgravity 
simulation. We could not detect any changes in TrkA 
expression in comparison to the control group. 
Interestingly, in comparison to the alteration of NT-3 
expression, the expression of Trk-C came back to the 
control levels by 48 hr after microgravity simulation. 
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Figure 6. Real-time PCR analysis of GNL3, MAP-2, NGF, TrkA, BDNF, 
TrkB, NT-3, and TrkC at 6 hr, 24 hr, and 48 hr after induction in 
simulated microgravity groups vs. 1G group. Genes’ expressions were 
normalized to endogenous GAPDH in the same samples. Simulated 
microgravity increased the expression of GNL3, MAP-2, BDNF, and 
TrkB. Results represent three independent experiments. P<0.05 
considered as significant. (a) statistically different from the control 
group, (b) statistically different from the previous time-scale group, 
and (c) statistically different from the next time-scale group 
 

MTT assay 
The viability and metabolic activity of the cells 

before and after differentiation to neural-like cells in 
simulated microgravity and normal conditions were 
analyzed using the MTT assay. MTT detects cell death at 
later stages of apoptosis, in which metabolization of 
tetrazolium salts is reduced. As it is evident in Figure 7, 
simulated microgravity had no significant effects on the 
viability of the cells before or after differentiation to 
neural-like cells (P>0.05). However, after neural 
differentiation, cell viability is decreased (38.3%) in 
both groups (1G condition and simulated microgravity 
condition).  
 

Flow cytometry analysis of ADSCs and differentiated 
ADSCs 

Quantitative analysis of neural markers through 
flow cytometry indicated that GFAP was expressed in 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 7. Cell viability of ADSCs cultured in simulated 
microgravity (SMG), before and after induction of neural 
differentiation. As it is evident, simulated microgravity had no 
effects on the viability of the cells in undifferentiated or 
differentiated cells. The error bars represent standard error of the 
mean for triplicate experiments. ADSC: ADSCs cultured in normal 
condition (1G), NLC: neural-like cells 24 hr after differentiation 

 

 

 

 

 

 

 

 
 

Figure 8. After ADSCs were cultured for 24 hr in differentiation medium, 
flow cytometry analysis of neural markers (GFAP, MAP-2, and 
synaptophysin) were done from ADSCs (control), D- SMG(differentiation 
in SMG) groups, and D-1G (differentiation in 1G) group 
 

55.95%, 59.50%, and 59.69% of ADSCs, neural-like 
cells cultured in 1G and neural-like cells cultured in 
simulated microgravity conditions, respectively. The 
protein expression of MAP-2 and synaptophysin (SYN) 
was 30.74% and 70.05% in ADSCs, 36.18% and 75.30% 
in neural-like cells cultured in 1G, 44.69% and 83.97% 
in neural-like cells cultured in simulated microgravity 
conditions (Figure 8). 
 

Discussion 
In recent years, different studies have 

demonstrated that MSCs from adult tissues are 
multipotent cells, capable of differentiating into 
neural-like cells both in vitro and in vivo. Most 
researchers used chemical reagents or growth factors 
to induce neural differentiation of MSCs (3, 5-9, 25-29). 
These neural-like cells, derived biochemical manipulation 
of MSCs, have been shown to express some 
characteristics of neuronal cells. However, stability 
and efficiency of generated cells vary from one study 
to another, which is most likely due to differences in 
inducing reagents and the source of stem cells 
population. Recently, much more attention has been 
paid to biophysical forces, including microgravity to 
manipulate stem cells especially with the aim of cell 
therapy and transplantation (30-33). Microgravity, 
as a mechanical factor, has been confirmed to affect 
cell growth and physiology. It has been shown that 
microgravity can stimulate the cell proliferation and 
differentiation, and triggers cells to grow within three-
dimensional aggregates that are an ideal condition for 
tissue engineering. Furthermore, simulated microgravity 
can accelerate differentiation of MSCs (34-37). In this 
study, we showed that microgravity increased the 
differentiation of MSCs to neural-like cells with 
biochemical factors.  
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We could isolate ADSCs from 15 ml of adipose 
tissues. The morphology and characteristics of 
isolated cells were similar to that reported by others. 
Cells were isolated based on their ability to adhere to the 
plastic flask and confirmed through flow cytometry and 
differentiation to adipocytes and osteocytes. Flow cytometry 
analysis approved that extracted cells were positive for 
MSC surface antigens (CD73, CD90, and CD105), but 
negative for hematopoietic antigens (CD34 and 
CD45) (42). Also our results showed that the isolated 
cells had multi-lineage differentiation potential (17, 
18). They were successfully differentiated into 
adipocytes and osteocytes. Accumulation of lipid 
droplets and calcium was detected by Oil Red O 
staining and Alizarin Red S staining at days 9 and 21 
of culture in the induced medium. These results 
indicate that the isolated cells were ADSCs.  

Since the first attempt for differentiating MSCs to 
neural cells by Woodbury et al in 2000, different 
methods have been suggested. Woodbury used β-
mercaptoethanol (BME), dimethylsulfoxide (DMSO) 
and butylated hydroxyanisole (BHA) to differentiate 
human MSCs and showed the expression of neuron-
specific enolase (NSE) and 

neurofilament-M in differentiated cells (25). In 
another study, neural differentiation of these cells 
was done using EGF and BDNF. They could detect the 
expression of neuron biomarkers such as nestin, glial 
fibrillary acidic protein (GFAP), and neuron-specific 
nuclear protein (NeuN) (43). Some other factors that 
have been used for neural differentiation of MSCs 
include: fibroblast growth factor 8 (FGF-8), nerve 
growth factor (NGF), platelet-derived growth factor 
(PDGF), forskolin, 3-isobutyl-1-methylxanthine 
(IBMX), dibutyryl cAMP, NT-3, NT-5, glial cell line-
derived neurotrophic factor (GDNF), and retinoic 
acid (RA) (44-50). We used Woodbury’s protocol for 
neural differentiation of human ADSCs, and 
compared the effectiveness of microgravity condition 
in this induction method. The morphology of cells 
began to change rapidly, and neural-like cells 
appeared in 3 hr after induction, which is why we 
chose this protocol. It is the appropriate protocol for 
simulating microgravity conditions by the clinostat 
instrument. 

In the current study, we observed that 
microgravity had a positive effect on the neural 
differentiation potential of MSCs. We found out that 
that the expression of neural marker MAP-2 increased 
both before and after neural differentiation in           
ADSCs under simulated microgravity conditions. The                    
flow cytometry analysis confirmed the real-time PCR 
results as the number of MAP-2 positive cells were 
increased before and after differentiation in a 
simulated microgravity environment, too. These 
results confirmed data reported by Chen et al (2011) and 
Yuge et al (2010) suggesting that simulated microgravity 
conditions enhanced neural differentiation potential of 
MSCs in vivo and in vitro, respectively (51, 52). Chen et 

al showed up-regulation of OCT-4 (pluripotent 
surface marker for stem cells) in rat bone marrow 
MSCs treated with simulated microgravity, which 
confirmes our results. The similar result was 
obtained for the neural marker, synaptophysin. Our 
data revealed that microgravity increased the 
number of synaptophysin positive cells with 
differentiation. However, in contrast to MAP-2 and 
synaptophysin, the numbers of GFAP positive cells 
were identical in both control (neural-like cells in 1G 
condition) and simulated microgravity groups after 
neural induction. GFAP is a neural marker for 
astrocytes in the CNS. It seems that microgravity had 
no any effects on ADSCs differentiation into 
astrocytes.  

Furthermore, the present study revealed that 
microgravity environment increased neurotrophin’s 
expression and their specific Trk receptors especially 
BDNF and TrkB. The expression of neurotrophins and 
their receptors are crucial for cell transplantation of 
neurodegenerative diseases. NTs are target-derived 
factors, which induce the survival, differentiation, 
development and function of different neurons both 
in peripheral and central nervous system (CNS). 
They act through two classes of receptors: the high-
affinity Trk family of tyrosine kinase receptors and 
the low-affinity pan-NT receptor p75 (p75NTR). 
Reports suggest that binding of NTs to their common 
p75 receptor in the absence of Trk receptors causes 
neuronal death (53). It is clear from our study that 
microgravity increased the expression of BDNF, NT-
3, TrkB, and TrkC both before and after neural 
induction. Also, the expression of NGF was increased 
after microgravity simulation but it was negligible. 
Based on the expression levels of NGF obtained in 
control groups (before and after differentiation) 
before microgravity treatment, weightlessness had 
no impact on the expression of NGF before and               
after differentiation. Chen et al (51) reported up-
regulation of NGF and BDNF in MSCs after 
microgravity induction, too. In contrast to the up-
regulation of NGF and BDNF, their experiment 
detected the expression of neurotrophins decreased 
significantly either in microgravity environment or in 
normal gravity conditions after neural induction. The 
present observation stands in contrast to our study, 
which may be due to differences in neural induction 
protocol and time of gene expression analysis. They used 
b-FGF, human epidermal growth factor (hEGF), dibutyryl 
cyclic AMP (dbcAMP) and isobutylmethylxanthine 
(IBMX) to induce neural induction and evaluated gene 
expression of neurotrophins after 7 day induction. Also, 
we found that the morphology of ADSCs was changed 
from spindle to round under microgravity conditions 
compared to the 1G control, similar to that reported 
by others (51, 52). Chen et al demonstrated that the 
morphology changes of MSCs in a microgravity 
environment is due to microtubules and cytoskeleton 
reorganization that could affect cell fate. Researchers in 
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2004 have shown that cell shape, cytoskeletal tension, 
and RhoA could regulate stem cell lineage commitment (54).  

 

Conclusion 
Our findings provide a new strategy for 

differentiation of ADSCs to neural-like cells and 
probably other cell lineages. Based on our results, 
microgravity could be used as a new method besides 
traditional techniques to increase the efficiency of 
cell transplantation in medicine. Meanwhile, 
microgravity simulation had no adverse effects on 
the viability of the cells and could be used as a new 
environment to successfully manipulate cells.  
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