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Background: Human umbilical cord derived mesenchymal stem cell (hUMSCs) are in 
experimental phase for treatment of various neurological disorders. Differentiating these cells into 
neurons is expensive and painstaking. Mevastatin a commonly used antihyperlipidemic agent is 
known for its neuroprotective effect. We investigated the differentiation response of human 
umbilical cord derived mesenchymal stem cell (hUMSCs) to Mevastatin. Methods: In this dose-
response experimental study, hUMSCs were isolated and characterized for presence of specific 
stem cells markers (cd90, cd73, cd105, oct4) by conventional PCR and Immunocytochemistry 
(Vimentin, cd24, cd90). Then, the cytotoxicity of the compound (Mevastatin) was analyzed to 
select the best working concentration for neuronal differentiation. Cells were grown in the 
presence of the least cytotoxic concentration for 2 weeks. The differentiated cells were analyzed 
for morphological changes and neuron specific markers by qPCR and Immunocytochemistry. 
Results: hUMSCs derived dopaminergic neurons to be similar to those found in the human 
midbrain based on cell type and results showed positive expression of dopaminergic neuron 
specific genes (TH, NURR1, LMAX1). Positive expression of TH was observed in the 
differentiated cells. Additionally, the differentiated cells lost the expression of stem cells specific 
marker cd24, which was evident in the control cells. Conclusion: Mevastatin can differentiate 
hUMSCs into dopaminergic neuron like cells at 1 µM concentration. Using Mevastatin (when required) 
in those dyslipidemic patients who have increased susceptibility to Parkinson’s disease is suggested. 
However, further research in this direction is recommended. 
Keywords: Cell-therapy in Parkinsonism, Neurodifferentiation by Mevastatin, Dopaminergic 
neuron formation 
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INTRODUCTION 
Parkinson’s disease (PD) is a neurodegenerative 
progressive disorder affecting millions of people 
worldwide. It is characterized by typical movement 
disorder including rigidity, tremors and 
bradykinesia.1 It is identified pathogenically by, the 
presence of Lewy bodies made up of misfolded α-
syn2 protein.2 

Current treatments of Parkinson’s disease 
(PD) include levodopa, monoamine oxidase type B 
(MAOB) inhibitors, and catechol-o-methyl-
transferases (COMT) that help in improving few 
symptoms of the disease. However, with continuous 
use patients develop drug resistance and eventually 
other modalities need to be used. A common such 
method is deep brain stimulation (DBS). This has 
limited benefit in reduction of symptoms and can be 
used only in some specific patients.3 

In PD Gene therapy has been considered as 
hopeful treatment approach. The aim of gene 
therapy is to modify the expression of neurons in 
basal ganglia that have degenerated with resultant 
decreased release of dopamine.4 Genetic 
modifications are in the experimental phase and 

require extensive testing before these can be 
introduced in humans.5,6 

Cell-based therapies have attracted 
attention of the researchers as being potentially 
feasible for neurodegenerative diseases. It 
encompasses derivation of specific neuronal cells 
and consequent transplantation into affected parts of 
the neuronal system. Different cell types have been 
used for differentiation of dopaminergic neurons 
and subsequent transplantation into patients with 
PD.7 These include embryonic stem cells (ESCs), 
induced pluripotent stem cells (iPSCs) and 
mesenchymal stem cells (MSCs) etc. ESCs have a 
potential to differentiate into 3 three primary germ 
layers. However, their use is restricted due to ethical 
issues and high risk of teratoma formation after 
transplantation.8 iPSCs on the other hand are very 
important tools for drug development, regenerative 
medicine and diseases modelling. Furthermore, they 
are considered superior to ESCs as a cell source for 
PD replacement, including the capability to use 
patient’s peculiar cells and consequently reduce the 
necessity for immuno-suppression. However, their 
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use could be limited due to their high risk of 
teratoma formation after transplantation.8 

Adult stem cells are obtained from all 
tissues of the three germ layers, for example MSCs 
can be derived from human amnion epithelial cells. 
They are easy to separate, have more differentiation 
potential with fewer ethical problems.9,10 MSCs 
release the soluble factors that are significant for 
cell existence and proliferation.11 Different small 
molecules have been used to differentiate hUMSCs 
into neurons. These include Valproic acid fibroblast 
growth factor and Forskolin.12 It was observed that 
statin molecules are effective in both neuronal 
differentiation and mid brain neuron specification.12 
Various statin molecules have been implicated to 
cause similar differentiation, however Mevastatin 
has been shown to be superior in this effect to 
others.13  

This study was designed to investigate the 
differentiation potential hUMSCs into dopaminergic 
neurons using Mevastatin.  

METHODOLOGY 
This was a dose response in-vitro experimental 
study carried out at Ziauddin University from 
August 2019 to February 2020 after approval from 
the Ethics Review Committee of Ziauddin 
University. 

Umbilical cords were obtained from babies 
of primigravida mothers between 18 to 30 years of 
age with no known comorbid and pregnancy related 
complications. 

The cord was washed numerous times with 
purified PBS solution and cut into 3 mm thick parts. 
Cord tissues were minced with scissors and 
processed with Trypsin 10X act as digest. The 
isolated cells there were plated in DMEM (Life 
Technologies) supplemented with 10% foetal 
bovine serum (FBS), and 100 mg/mL streptomycin 
50 mg/mL penicillin (Life Technologies) at 37 ºC in 
a moistened 5% CO2 incubator.  

RNA was isolated from control hUMSCs 
with Trizol reagent according to the optimized 
protocol. The isolated RNA was stored in nucleus 
free water (Life Technologies) at -80 ºC.  

RNA was quantified by using multi scan 
skey spectrophotometer and the kit revert aid first 
stand cDNA synthesis kit  (M/S Thermo Scientific) 
was used for one microgram RNA reverse 
transcription according to manufacturer’s protocol.  

The cDNA was either used directly for 
PCR or kept at -20 ºC till further usage.  

For Primer designing we used the primer3 
design program at http://frodo.wi.mit.edu/primer3/, 
and bought from Pericon.  

q-PCR of hUMSCs cells were used for the 
expression of stem cells markers  (CD73, CD 105, 
CD 133, Oct-4) GAPDH was used as an internal 
standard.  

Then PCR products were evaluated by gel 
electrophoresis. The Gel documentation system was 
used to study the gel. 

hUMSCs cells (~10,000 cells) were 
cultured in 24 well plates, processed according to 
standard protocol and viewed using an inverted 
fluorescent microscope. 

hUMSCs were treated with different 
concentration such as (1 µM, 5 µM, 10 µM, 50 µM, 
100 µM) of Mevastatin and morphology of the cells 
was observed at different times intervals 24, 48, and 
72 hours with performing the following steps.  

To evaluate cytotoxicity in cells after 
treatment with different concentrations of 
Mevastatin, trypan blue exclusion (Life 
Technologies) procedure was performed. Cells were 
cultured in 24-well plate and incubated with 
different concentrations of Mevastatin (1 µM, 5 µM, 
10 µM, 50 µM and, 100 µM)12 cytotoxicity was 
observed at different time interval. 

Live and dead cells were counted 
separately to calculate the cytotoxicity according to 
the formula: 

Total No. of viable cells/mL of aliquot Viable cells (%)= Total No. of cells/mL of aliquot 100 

When live cells reached 70% to 80% of 
confluency, by using 1 µM least cytotoxic 
concentration of Mevastatin was used for the 
differentiation induction of hUMSCs and media was 
replaced after each 3rd day followed by 
morphological and gene expression analysis of the 
differentiated cells after 2 weeks. 

All the groups were analysed for 
morphological changes by Floid Cell Imaging 
System and compared with untreated control and 
images were captured at 40 magnification. 

The treated cells RNA was isolated by 
using Trizol and Revert Aid cDNA synthesis Kit 
was used for reverse transcription of RNA. 
Expression of neuron specific markers (TH, NURR1 
and LMXa1) were examined by real time-PCR. 
Following completion of 40 cycles, CT values were 
acquired and used to determine the result of relative 
fold chain using the formula: 

ΔCt= Ct (Gene) - Ct (GAPDH) 
ΔΔCt= ΔCt (Sample) - ΔCt (Control) 
Fold change= 2-(ΔΔCt) 

Differentiated cells (~10,000 cells) were 
cultured in 24 well plates by adding 1 mL of cell 
suspension (1× cells). The cells were labelled 
against primary antibody TH, LMXIA, NURR1 and 
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CD24 was used as stem cell marker, further 
procedure had been processed according to standard 
protocol and viewed using an inverted fluorescent 
microscope. 

Statistical analysis was carried out using 
SPSS-20. Quantitative variables were calculated as 
percentages. Student’s t-test was carried out as a 
measure of difference and a p<0.05 was considered 
significant. 

RESULTS 
After propagation, characterization of hUMSCs was 
done by morphological examination, gene expression 
analysis (OCT 4, CD105, CD73) using GAPDH gene 
as internal standard and protein expression analysis 
(Actin, Vimentin, CD24). 

The hUMSCs were then treated with 
different concentrations of Mevastatin (1, 5, 10, 50 
and 100 µM). The cells were analyzed in the 
following steps: 
No cytotoxicity was observed at the concentration of 
1 µM at 72 hours. However, we found that cells 
showed high cytotoxicity and cell death along with 
no differentiation (neuron morphology) under our 
observation at 5 µM, 10 µM, 50 µM, 100 µM at 24 
and 48 hours respectively. (Figure-1). 

Cytotoxicity was calculated using the 
formula which was mention above. Our results 
showed that the cell viability at 1 µM was around 
93.89% which was highest when compared to other 
concentration. 

Morphological examination of differentiated 
hUMSCs was carried out 2 weeks after treatment 
with Mevastatin using inverted microscopy. 
Dopaminergic-neuron-like cells were found after 
treatment with 1 µM concentration of Mevastatin at 
72 hours. Cells showed multipolar shaped neuron 
formation. Hence 1 µM concentration of Mevastatin 
was considered as least cytotoxic and used for 
differentiation induction. (Figure-2). 

Genes expression analysis of differentiated 
specific genes such as TH, NURR1, LMXIA were 
determined by using q-PCR. GAPDH was taken as 
positive control. Our results showed that expressions 
were significantly increased (p<0.05) after 1 µM 
Mevastatin treatment as compared to control. 
(Figure-3). 

Basal level of Actin, CD24, and TH proteins 
were analysed in the treated cells by direct 
immunofluorescence. The cells of control and treated 
showed positive expression of actin while CD 24 
negative expression in treated cells, Tyrosine protein 
highly expressed in treated cells. (Figure-4). 

 
Figure-1: Cell viability after treatment with 

Mevastatin 

 
Figure-2: Differentiated hUMSCs were observed 

dopaminergic neuron like cells after the treatment of 
1 µM concentration of Mevastatin at 72 hours after 2 

week. Cell showed multipolar in shaped, analyzed 
under inverted microscopy at 10× magnification. 

Figure-3: Expression of neuron specific genes by 
qPCR 

Combined graphical presentation of all genes expression were 
significantly increased (p<0.05) in the Mevastatin treatment groups 

compared to control 
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Figure-4: Immunocytochemical analysis of differentiated human umbilical cord derived mesenchymal stem cells 
Actin showed positive in control and treated cells with neurogenic changes. The cells showed high expression of CD24 in the control and no expression 
in the treated cells. The Tyrosine protein showed low expression in the control whereas the Tyrosine protein showed highly expressed in the treated cells 
and exhibited dopaminergic neuron differentiation. Alexa fluor 546 anti-rabbit antibody was used for recognition. DAPI was used as stained in Nuclei. 

100× magnification on Florid microscope. 

DISCUSSION 
The field of cell therapy and regenerative medicine 
holds great promise in restoring normal tissues structure 
and function. The main aim of stem cell based therapies 
is to target the chronic diseases and lifelong 
disabilities.14 The best example of stem cell is MSCs, 
which have ability to differentiate into neuron-like cells 
and release different chemokines and growth factors. 

These growth factors and chemokines are necessary in 
revascularization, neurogenesis, immunomodulatory, 
anti-apoptotic and anti-inflammatory effects and have 
ability to engraft and migrate at sites of injury and 
inflammation.15 

We have attempted to differentiate hUMSCs 
into neurons using Mevastatin, a commonly used 
antihyperlipidemic agent16. Mevastatin has potential to 
direct differentiate the neural progenitor cells into 
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dopaminergic neurons for the Parkinson’s diseases.12 
These cells have been reported to have increased 
expression in proliferating hUMSCs previously.17,18 In 
addition, we also checked for increased expression of 
the proteins Actin, Vimentin and CD24. These protein 
markers, especially Vimentin, were shown in multiple 
studies to be strongly positive.17,19 They are also 
expressed in α-smooth muscle actin.19 

At Mevastatin 1 µM concentration, 
characteristic properties of dopaminergic neurons in 
these cells, such as multipolar, unipolar and bipolar 
differentiation, star and diamond shaped cells, as well as 
elongated axon and/or dendrites were observed. These 
observations were validated in accordance with previous 
studies20,21. After confirmation of morphology, 
dopaminergic differentiation was further validated by 
demonstrating increased expression of NURR1, 
LMXIA and TH genes. These genes have been used 
demonstrating conversion of neuroprogenitor cells into 
dopaminergic neurons by using LY364947 and 
Mevastatin.12 

Immunocytochemistry showed that the 
differentiated hUMSCs were positive for TH and Actin 
as well. However, a negative expression of CD24 was 
observed. These finding are in accordance with a similar 
experiment carried out on Wharton’s Jelly derived 
mesenchymal stem cells differentiating into neuron-like 
cells using 1 mM concentration of Valproic acid.22 

CONCLUSION 
Mevastatin can differentiate hUMSCs into 
dopaminergic neuron like cells at 1 µM concentration. 
Using Mevastatin (when required) in those dyslipidemic 
patients who have increased susceptibility to 
Parkinson’s disease is suggested. However, further 
research in this direction is recommended. 

REFERENCES 
1. Engelender S, Isacson O. The threshold theory for Parkinson’s 

disease. Trends Neurosci 2017;40(1):4–14. 
2. Moutinho M, Codocedo JF, Puntambekar SS, Landreth GE. 

Nuclear receptors as therapeutic targets for neurodegenerative 
diseases: lost in translation. Annu Rev Pharmacol Toxicol 
2019;59:237–61. 

3. Arenas E, Denham M, Villaescusa JC. How to make a midbrain 
dopaminergic neuron. Development 2015;142(11):1918–36. 

4. Valdés P, Schneider BL. Gene Therapy: A Promising approach for 
neuroprotection in Parkinson’s disease? Front Neuroanat 
2016;10:123. 

5. Neumann J, Bras J, Deas E, O’Sullivan SS, Parkkinen L, 
Lachmann RH, et al. Glucocerebrosidase mutations in clinical and 
pathologically proven Parkinson’s disease. Brain 
2009;132(7):1783–94. 

6. Rocha EM, Smith GA, Park E, Cao H, Brown E, Hallett P, Isacson 
O. Progressive decline of glucocerebrosidase in aging and 
Parkinson’s disease. Ann Clin Transl Neurol 2015;2(4):433–8. 

7. Lunn JS, Sakowski SA, Hur J, Feldman EL. Stem cell technology 
for neurodegenerative diseases. Ann Neurol 2011;70(3):353–61. 

8. Kolios G, Moodley Y. Introduction to stem cells and regenerative 
medicine. Respiration 2013;85(1):3–10. 

9. Green EM, Lee RT. Proteins and small molecules for cellular 
regenerative medicine. Physiol Rev 2013;93(1):311–25. 

10. Bae KS, Park JB, Kim HS, Kim DS, Park DJ, Kang SJ. Neuron-
like differentiation of bone marrow-derived mesenchymal stem 
cells. Yonsei Med J 2011;52(3):401–12. 

11. Squillaro T, Peluso G, Galderisi U. Clinical trials with 
mesenchymal stem cells: an update. Cell Transplant 
2016;25(5):829–48. 

12. Rhim JH, Luo X, Xu X, Gao D, Zhou T, Li F, et al. A high-content 
screen identifies compounds promoting the neuronal differentiation 
and the midbrain dopamine neuron specification of human neural 
progenitor cells. Sci Rep 2015;5:16237. 

13. Sucu S, Brunner-Lorieux S, Hommet Y, Binet V, Bideau E, 
Debroas E, Duval D. Statins induce both neuronal-like 
differentiation and programmed death in PC 12 cells. [Dissertation 
on the internet]. University de CAEN; 2016. Available from: 
https://www.researchgate.net/profile/Dominique_Duval/publication
/307575962. Accessed: 15 March 2021 

14. Arjmand B, Sarvari M, Alavi-Moghadam S, Payab M, Goodarzi P, 
Gilany K, et al. Prospect of stem cell therapy and regenerative 
medicine in osteoporosis. Front Endocrinol (Lausanne) 
2020;11:430. 

15. Chen Y, Shen J, Ke K, Gu X. Clinical potential and current 
progress of mesenchymal stem cells for Parkinson’s disease: a 
systematic review. Neurol Sci 2020;41(5):1051–61. 

16. Abdelazim AM, Ismail TA, Abumaghaid MM, Saadaldin IM. 
Synergetic action of Forskolin and Mevastatin induce normalization 
of lipids profile in dyslipidemic rats through Adenosine 
Monophosphate Kinase upregulation. Biomed Res Int 
2021;2021:6687551. 

17. Asgari HR, Akbari M, Abbasi M, Ai J, Korouji M, Aliakbari F, et 
al. Human Wharton’s jelly-derived mesenchymal stem cells 
express oocyte developmental genes during co-culture with 
placental cells. Iran J Basic Med Sci 2015;18(1):22–9. 

18. Dalous J, Larghero J, Baud O. Transplantation of umbilical cord-
derived mesenchymal stem cells as a novel strategy to protect the 
central nervous system: technical aspects, preclinical studies, and 
clinical perspectives. Pediatr Res 2012;71(4 Pt 2):482–90. 

19. Yan-Wu G, Yi-Quan K, Ming L, Ying-Qian C, Xiao-Dan J, Shi-
Zhong Z, et al. Human umbilical cord-derived Schwann-like cell 
transplantation combined with neurotrophin-3 administration in 
dyskinesia of rats with spinal cord injury. Neurochem Res 
2011;36(5):783–92. 

20. Aliaghaei A, Gardaneh M, Maghsoudi N, Salehinejad P, Gharib E. 
Dopaminergic induction of umbilical cord mesenchymal stem cells 
by conditioned medium of choroid plexus epithelial cells reduces 
apomorphine-induced rotation in parkinsonian rats. Arch Iran Med 
2016;19(8):561–70. 

21. Oh Y, Cho GS, Li Z, Hong I, Zhu R, Kim MJ, et al. Functional 
coupling with cardiac muscle promotes maturation of hPSC-
derived sympathetic neurons. Cell Stem Cell 2016;19(1):95–106. 

22. Ghorbani S, Tiraihi T, Soleimani M. Differentiation of 
mesenchymal stem cells into neuron-like cells using composite 3D 
scaffold combined with valproic acid induction. J Biomater Appl 
2018;32(6):702–15.

Address for Correspondence: 
Prof. Dr. Syed Tousif Ahmed, Department of Physiology, Ziauddin University, Karachi, Pakistan. Cell: +92-300-2204091 
Email: tousif.ahmed@zu.edu.pk 

Received: 8 Sep 2021  Reviewed: 10 Nov 2021 Accepted: 10 Nov 2021 
Contribution of Authors: 
HA: Original idea, sample collection and initial writing 
SU: Sample processing and results, experimentation 
STA: Proofreading and critical analysis 
KH: Referencing, literature review and sample processing 
SH: Data analysis, grammar and article writing and final detailing 
KJJB: Inference, critical analysis and logical reasoning 

Conflict of Interest: None declared 
Funding received: None 

http://www.pps.org.pk/PJP/17-4/Humaira.pdf
https://www.researchgate.net/profile/Dominique_Duval/publication
mailto:tousif.ahmed@zu.edu.pk

