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EXPERIMENTAL STUDY

Protective role of microRNA-221 in Parkinson’s disease

Li L1, Xu J2, Wu M1, Hu JM3

Comprehensive Department, The Central Hospital of Wuhan, Wuhan, China. hujunm08@163.com

ABSTRACT
OBJECTIVE: The present study aimed to explore the role and the underlying mechanism of miR-221 in Par-
kinson’s Disease. 
MATERIALS AND METHODS: To perform our investigation, a PD cell model was created by using 6-OHDA. 
Cell viability and proliferation assays, and fl ow cytometry analysis were performed to detect cell viability and 
apoptosis. The qRT-PCR and western blotting were used for gene and protein level detection.
RESULTS: We found that the expression of miRNA-221 is signifi cantly lower in 6-OHDA treated PC12 pheochromo-
cytoma cells compared to the normal cells. The results of further analysis indicated that miR-221 mimic signifi cantly 
promoted the cell viability and proliferation of PC12 cells treated with 6-OHDA. MiR-221 mimic signifi cantly inhibited 
6-OHDA-treated PC12 cells from apoptosis. These effects were eliminated by PTEN over-expression. We also re-
vealed that PTEN was a direct target gene of miR-221. Moreover, we found miR-221 mimic signifi cantly promoted the 
phosphorylation of AKT in PC12 cells treated with 6-OHDA, and over-expression of PTEN could eliminate this effect. 
CONCLUSIONS: MiR-221 plays a protective role in Parkinson’s Disease via regulating PC12 cell viability and 
apoptosis by targeting PTEN. Therefore, miR-221 may serve as a potential therapeutic target for Parkinson’s 
disease treatment (Fig. 3, Ref. 27). Text in PDF www.elis.sk.
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Introduction

Parkinson’s disease (PD) is the second most common neuro-
degenerative disease in the elderly (1) and a progressive neurode-
generative disease manifested by bradykinesia, rigidity, and rest 
tremor, while up to 80 % of patients eventually develop dementia 
(2, 3). However, a substantial percentage of PD patients have non-
motor symptoms as well. In Sweden, about 20,000 people are af-
fected by PD, with a population of about 9.6 million. Although the 
neurological basis of cognitive dysfunction in PD is still unclear, 
the cholinergic system arising from nucleus basalis of Meynert 
(NBM) located in substantia innominata (SI) of the basal forebrain 
plays an important role in the cognitive functions of PD patients 
(4). Individuals over the age of 60 are twice as likely to develop 
PD relative to the general population (5). 

MicroRNAs (miRNAs) are single-stranded, endogenous non-
coding, small (~22 nucleotides in length) RNAs (6, 7). The miR-
NAs generally bind to the 3′-untranslated regions (3′-UTRs) of 
target messenger RNAs (mRNAs) to inhibit gene expression (8, 9).
They involve many biological processes such as differentiation, 
apoptosis, proliferation and invasion, and so on (10–12). The miR-
221 belongs to the miR-221/222 cluster, which locates on the X 

chromosome and shares some identical seed sequences with its ho-
mologous miRNA, miR-222 (13, 14). Previous studies have found 
that miR-221 was signifi cantly up-regulated in several types of 
human diseases, including hepatocellular carcinoma (15), prostate 
adenocarcinoma (16), and colorectal carcinoma (17), suggesting 
its oncogenic role in tumorigenesis and progression. The growth 
of cancer cells may be signifi cantly different in different cell types, 
indicating that miR-221 may exhibit promoting cell or keratino-
cyte formation in different cancer cell lines (18). Therefore, it is 
important to clarify the exact effect of miR-221 on certain cancer 
cell lines. However, expression pattern and role of miRNA-221 in 
the Parkinson’s Disease remains poorly understood. 

PTEN (Phosphatase and tensin homolog deleted on chromo-
some 10) is a phosphatase with both protein phosphatase and lipid 
activities (19). PTEN contains a phosphatase domain, C2 domain, 
an N-terminal PtdIns, postsynaptic-density protein and C-terminal 
tail (20, 21). The decrease in PTEN function levels is usually as-
sociated with elevated activity of PI3K and Akt8 (19). Protein in-
teractions play an important role in the regulation of phosphatase 
activity of PTEN (22).

In the current study, we explored the roles and the underlying 
mechanism of miR-221 in Parkinson’s disease by gain and loss 
of function analysis. 

Materials and methods

Reagents 
Rat PCC PC12 cells were acquired from American Type Cul-

ture Collection ATCC (Manassas, VA, USA) and cultured in our 
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laboratory. Dulbecco’s Modifi ed Eagle Medium (DMEM) was ac-
quired from Mediatech (Herndon, VA, USA). Fetal bovine serum 
(FBS) and 6-OHDA (6-Hydroxydopamine) were acquired from 
Sigma-Aldrich (St Louis, MO, USA). All primary antibodies (anti-
β-actin, anti-pAKT, anti-PTEN, anti-AKT) were acquired from 
Cell Signaling Technology (Boston, MA, USA).

Cell culture and treatment
PC12 cells were cultured in Dulbecco’s modifi ed Eagle’s 

medium (DMEM) supplemented with 10 % fetal bovine serum, 
100 U ml-1 penicillin and 100 U ml-1 streptomycin (pH 7.2) in a 
5 % CO2 atmosphere at 37 °C. 6-OHDA was dissolved in sterile 
distilled water to prepare the stock solutions (2 ug/ul), aliquoted 
and stored at –80 °C.

PC12 cells were treated as follows. 1) Cells were treated with 
or without 100uM 6-OHDA for 24 h at 37 °C, 5 % CO2. 2) Cells 
were transiently transfected with miR-221 mimic for 48 h at 37 
°C, 5 % CO2. They were treated with or without 100 uM 6-OHDA 
for 24 h at 37 °C, 5 % CO2. 4) Cells were transiently transfected 
with miR-221 mimic and PTEN plasmid for 48 h at 37 °C, 5 % 
CO2. Then they were analyzed by western blotting, qRT-PCR, cell 
viability and proliferation assays and fl ow cytometry.

RNA isolation and quantitative real-time polymerase chain 
reaction(qRT-PCR)

Total RNA was extracted from the PC12 cells and stored in 
liquid nitrogen according to instructions from the RNA extraction 
kit (Z3100, Promega, Madison, WI, USA). For RNA quantifi ca-
tion, ratio of OD values at 260 nm and 280 nm (A260/A280) were 
determined for all samples by an ultraviolet spectrophotometer. 
The RNA samples were stored at –80 °C for future use. The fi rst-
strand cDNA was synthesized by M-MLV Reverse Transcriptase 
(Promega) with oligo(dT) primers. The QuantiFast SYBR Green 
PCR Kit (Qiagen) was applied for quantitative real-time PCR 
(qRT-PCR) with a CFX Connect Real-Time System (Bio-Rad). 
Target quantifi cations were performed with specifi c primer pairs 
designed using Primer 5 software.

Western blot analysis
After treatment, the cell culture solution was removed, fi rst 

with pre-cooling PBS rinse 3 times. On ice, they were lysed in 
RIPA buffer (50 mM Tris, pH 7.2; 1 % Triton-X 100; 1% sodium 
deoxycholate; 1 mM Na3VO4; 150 mM NaCl; 10 mM NaF; 0.1 % 
SDS; protease inhibitor cocktail (1 : 1000)). The lysate was soni-
cated for 10 seconds and centrifuged at 13,000 g for 10 minutes 

Fig. 1. miR-221 over-expression reversed the effects of 6-OHDA on PC12 cell survival and proliferation. miR-221 expression is down-regulated 
in 6-OHDA-treated PC12 cells. A – 6-OHDA (100 μM) treatment decreased PC12 cell viability. Cell viability was measured by MTT assay; 
B – qRT-PCR assay was used to determine the level of miR-221; C – The level of miR-221 in different groups was determined by qRT-PCR 
assay; D – miR-221 signifi cantly increased 6-OHDA (100 μM) induced PC12 cell death. Cell viability was measured by MTT assay; E – PC12 
cell proliferation was measured by CCK-8 assay. Control – cells without any treatment; 6-OHDA – cells treated with 6-OHDA (100 μM) for 
24 h; mimic-C – cells transfected with the control of miR-221 mimic for 48 h and then treated with 6-OHDA (100 μM) for 24 h; mimic – cells 
transfected with miR-221 mimic for 48 h and then treated with 6-OHDA (100 μM) for 24 h; mimic+PTEN – cells co-transfected with miR-221 
mimic and PTEN-plasmids for 48 h and then treated with 6-OHDA (100 μM) for 24 h. Experiments were repeated three times. Data are pre-
sented as mean ± SD. *, ** p < 0.05, 0.01 vs control; # p < 0.05 vs 6-OHDA; &p<0.05 vs mimic.
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at 4 °C. The protein concentration was determined by quinolinic 
acid using bovine serum albumin as a standard. An equal amount 
of protein was isolated on a 7.5–12 % SDS-polyacrylamide gel 
and transferred onto a polyvinylidene difl uoride membrane. The 
PVDF membrane was treated with methanol for 30–60 seconds 
and placed in transfer buffer before being used. The membranes 
were incubated with PBS containing 0.05 % Tween 20 and 5 % 
skim milk to block nonspecifi c binding, incubated with the pri-
mary antibody and then incubated with the appropriate second-
ary antibody conjugated with horseradish peroxidase Rabbit IgG 
goat polyclonal antibody). The band density was quantifi ed using 
Gel-Pro Analyzer optical density software (Media Cybernetics).

Cell viability and proliferation assays
To detect cell viability, MTT assay was performed after specifi c 

treatment. The cells were evenly inoculated into 96-well plates 
(Corning Costar, Corning, NY, USA) with 2.0×103 cells per well. 
MTT solution was added at indicated times, 20 μl per well, and 
then incubated for 4 h at 37 °C. After removal of the supernatant, 
dimethyl sulfoxide (DMSO; Sigma) was added at 200 μl per well. 
The absorbance at 490 nm was measured by a microplate reader 
for cell viability calculation. Meanwhile, to determined PC12 cell 
proliferation, cell counting kit-8 (CCK-8 kit, Beyotime Biotech-
nology, Jiangsu, China) was applied according to the manufac-
turer’s instructions. 

Flow cytometry analysis
After specifi c treatment, cells were collected and washed 

with PBS (phosphate-buffered saline). Then cell apoptosis analy-
sis was performed. In brief, cells (1×106) from each sample were 
re-suspended in binding buffer, and stained with the labeled with 
annexin V-FITC and propidium iodide (PI) using an AnnexinV-
FITC/PI kit (BD Pharmingen, San Diego, CA, USA) according 
to the manufacturer’s instructions. At the end of the experiment, 
cells were analyzed and quantifi ed by fl ow cytometry (BD FACS 
Aria; BD Biosciences, Franklin Lakes, NJ, USA). 

Dual luciferase reporter analysis
Potential target genes of miR-221, including PTEN, were 

selected by using microRNA target site prediction software. To 
explore whether miR-221 targets the 3′-UTRs of PTEN, a cDNA 
fragment of the PTEN-3′-UTR mRNA containing the seed se-
quence of the mature miR-221 binding site or a mutated binding 
site of the 3′-UTR sequence was cloned into the pmirGLO dual-
luciferase vector (Promega, Madison, WI, USA), and the vectors 
named PTEN-3′UTR-WT and PTEN-3′UTR-MUT, respectively. 
PC12 cells were seeded into a 24-well plate and then co-transfected 
with PTEN-3′UTR-WT or PTEN-3′UTR-MUT and miR-221 or 
its control (hsamiR-C) vector. Luciferase activity was assessed 
by performing a Dual-Luciferase Reporter Assay Kit (Promega, 
USA) in line with the manufacturer’s protocols. All Tests were 
repeated at least 3 times.

Statistical analysis
Data were displayed as mean values ± SEM. One-way ANO-

VAs or Student’s t tests was used for comparisons between groups. 
A level of P < 0.05 was considered to be signifi cant. 

Results

Down-regulation of miR-221 in PD
We used PC 12 cells treated with 100 uM 6-OHDA to create 

PD cell models. Compared with the control group, the viability of 
PC12 cells treated with 100 uM 6-OHDA were signifi cantly de-
creased. Previous studies have shown that miR-221 is signifi cantly 
lower in the serum of Parkinson’s patients. Our fi ndings suggest 
that miR-221 is signifi cantly lower in the 100 uM 6-OHDA-in-
duced PD cell model, consistent with previous studies.

MiR-221 promotes PC12 cell viability and proliferation
To evaluate the biological effects of miR-221 in PD cell mod-

els, PC12 cells were transiently transfected with miR-221 mimic, 
mimic-control, or miR-221 mimic + PTEN plasmid for 48 h, and 
the transfection effi ciency was determined by qRT-PCR. Then we 
performed the viability and proliferation assay. The results indi-
cated that the viability and proliferation of 6-OHDA-treated PC12 
cells were signifi cantly promoted by miR-221 mimic, compared 
to control group and mimic-control group. The over-expression 
of PTEN could eliminate the effect of miR-221 mimic on the vi-
ability and proliferation of 6-OHDA treated PC12 cells.

MiR-221 inhibits PC12 cell apoptosis
The effect of miR-221 on PC12 cell apoptosis was determined. 

As shown in Figure 1A and B, the 6-OHDA-treatment induced 
PC12 cell apoptosis were signifi cantly inhibited by miR-221mimic. 
And in the PTEN over-expression group, the effect of miR-221 
mimic on the apoptosis of PD cell models was eliminated. 

PTEN is a direct target of miR-221 
By using microRNA target site prediction software, we iden-

tifi ed a putative miR-221 binding site located in the 3’-UTR of 
PTEN mRNA (Fig. 3A). Then we performed the dual-luciferase 
reporter assay to directly confi rm whether miR-221 binds to PTEN. 
We found that miR-221 signifi cantly suppressed the luciferase ac-
tivity of the wild-type PTEN 3’UTR (WT) but not Mut 3’-UTR 
of PTEN in PC12 cells (Fig. 3B). Besides, to confi rm this rela-
tionship, we further determined the effect of miR-221 on PTEN 
expression in PC12 cells. The qRT-PCR analysis demonstrated 
that PTEN mRNA expression was inhibited after transfection of 
miR-221 mimic in PD cell models (Fig. 3C). Similarly, PTEN 
protein level was also decreased in cells transfected with miR-
221 mimic (Fig. 3D). Taken together, miR-221 can directly target 
PTEN in PD cell models.

Effect of miR-221 on PI3K/AKT pathway
The effect of miR-221 on PI3K/AKT pathway was investigated 

in the present study. The results suggested that the phosphorylation 
of AKT in PC12 cells were signifi cantly decreased by 6-OHDA 
treatment. Compared to control group and mimic-control group, 
miR-221 mimic signifi cantly promoted p-AKT expression in PC12 
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cells treated with 6-OHDA. In the PTEN over-expression group, 
the effect of miR-221 mimic on p-AKT expression in PC12 cells 
was eliminated. The expression of total AKT was not signifi cantly 
different between groups (Figs 1C and D).

PTEN is a direct target of miR-221 
By using microRNA target site prediction software, we iden-

tifi ed a putative miR-221 binding site located in the 3’-UTR of 
PTEN mRNA (Fig. 2A). Then we performed the dual-lucifer-

ase reporter assay to directly confi rm whether miR-221 binds to 
PTEN. We found that miR-221 signifi cantly suppressed the lucif-
erase activity of the wild-type PTEN 3’UTR (WT) but not Mut 
3’-UTR of PTEN in PC12 cells (Fig. 2B). Besides, to confi rm 
this relationship, we further determined the effect of miR-221 on 
PTEN expression in PC12 cells. qRT-PCR analysis demonstrated 
that PTEN mRNA expression was inhibited after transfection of 
miR-221 mimic in PD cell models (Fig. 2C). Similarly, PTEN 
protein level was also decreased in cells transfected with miR-

Fig. 2. miR-221 over-expression reversed the effects of 6-OHDA on PC12 cell apoptosis. PC 12 cell apoptosis in different groups was deter-
mined by FCM (A), and data was analyzed (B). miR-221 over-expression reversed the effects of 6-OHDA on p-AKT expression in PC12 cells. 
C – protein level of p-AKT was detected by western blotting; D – the expression levels of AKT phosphorylation were expressed fold of the 
control.Control – cells without any treatment; 6-OHDA – cells treated with 6-OHDA (100 μM) for 24 h; mimic-C – cells transfected with the 
control of miR-221 mimic for 48 h and then treated with 6-OHDA (100 μM) for 24 h; mimic – cells transfected with miR-221 mimic for 48 h 
and then treated with 6-OHDA (100 μM) for 24 h; mimic+PTEN – cells co-transfected with miR-221 mimic and PTEN-plasmids for 48 h and 
then treated with 6-OHDA (100 μM) for 24 h. Experiments were repeated three times. Data are presented as mean ± SD. *, ** p < 0.05, 0.01 vs 
control; # p < 0.05 vs 6-OHDA ; &, && p < 0.05, 0.01 vs mimic.
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221 mimic (Fig. 2D). Taken together, miR-221 can directly target 
PTEN in PD cell models.

Discussion

Although the molecular mechanisms of some miRNAs are 
understood in the process of Parkinson’s disease, specifi c patterns 
of miRNA expression in Parkinson’s disease development still re-
mained poorly understood. Therefore, it is necessary to thoroughly 
investigate the function of miRNAs specifi cally involved in Par-
kinson’s disease and develop a new regulating role of miR-221 in 
the malignant progression of Parkinson’s disease.

In the current study, we explored the roles and the underly-
ing mechanism of miR-221 in Parkinson’s disease by gain and 
loss of function analysis. We showed that MiR-221 was low in 
expression in Parkinson’s syndrome. When miR-221 is highly ex-
pressed, it promotes cell proliferation and inhibits cell apoptosis. 
Thus, it is important to elucidate the exact effect of miR-221 on 
Parkinson’s disease.

First of all, we found that the expression of miR-221 was 
down-regulated in PD cell models. This result suggests that miR-
221 participates in Parkinson’s Disease. Previous studies have 
indicated that miRNA abnormal expression is involved in various 
biological processes (18, 23). To reveal the role of miR-221 in PD 
cell models, we tested the effect of miR-221 on cell growth, and 
we showed that increased miR-221 expression could promote cell 
proliferation and inhibits cell apoptosis.

The miRNAs generally carry out biological functions by di-
rectly binding to the 3’-UTR of mRNAs. We primarily determine 

that PTEN was the predictive target of miR-221 by using the Tar-
getScan. Luciferase activity assay suggested direct targeting of 
PTEN by miR-221. Furthermore, we also found that the expres-
sion of miR-221 negatively regulated PTEN expression in PD 
cell models. QRT-PCR and western blot analyses confi rmed that 
PTEN expression was signifi cantly decreased in PC cells trans-
fected with PTEN mimic, compared to those transfected with the 
corresponding negative control. These results suggested that PTEN 
was a target of miR-221 in Parkinson’s Disease.

PTEN is a multifaceted tumor suppressor and extremely pow-
erful functionally involved in many different forms of cancer. 
PTEN acts as a tumor suppressor mainly involved in the homeo-
static maintenance of the phosphatidylinositol 3 kinase (PI3K)/
AKT cascade (24), and PTEN is also the most important negative 
regulator of the PI3K signaling pathway. In addition to its canoni-
cal PI3K inhibition-dependent functions, PTEN can also func-
tion as a multifaceted tumor suppressor in the PI3K-independent 
manner (25). The main mechanism by which PTEN activity re-
strains cancer development and progression remains in its ability 
to down-modulate the signaling through PI3K pathway, thereby 
indirectly inhibiting AKT downstream targets such as FOXO, 
GSK3 (26, 27). We recently demonstrated that the PI3K-Akt sig-
naling pathway was up-regulated by miR-221. But in the PTEN 
over-expression group, the effect of miR-221 mimic on p-AKT 
expression in PC12 cells was eliminated. Over-expression of PTEN 
may inhibit cell proliferation and promote apoptosis by inhibiting 
PI3K/AKT pathway. 

Taken together, we found for the fi rst time that miR-221 played 
a protective role in Parkinson’s disease. Therefore, miR-221 may 

Fig. 3. PTEN is a direct target of miR-221. A – Interaction between miR-221 and 3’UTR of PTEN was predicted using microRNA target site 
prediction software; B – Luciferase activity of a reporter containing a wild-type PTEN 3’UTR or a mutant PTEN 3’ UTR are presented. “PTEN-
3’UTR-MUT” indicates the PTEN 3’ UTR with a mutation in the miR-221 binding site. UTR, untranslated region. All data are presented as the 
mean ± SD of three independent experiments. ** p < 0.01 vs control. C – protein level of PTEN was detected by western blotting; D – mRNA 
level of PTEN was measured by qRT-PCR. 6-OHDA – cells treated with 6-OHDA (100 μM) for 24 h; mimic-C – cells transfected with the con-
trol of miR-221 mimic for 48 h and then treated with 6-OHDA (100 μM) for 24 h; mimic – cells transfected with miR-221 mimic for 48 h and 
then treated with 6-OHDA (100 μM) for 24 h. Experiments were repeated three times. Data are presented as mean ± SD. ** p <0.01 vs 6-OHDA.
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serve as a potential therapeutic target for the treatment of Parkin-
son’s disease. 
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