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Introduction

Parkinson’s disease (PD), a chronic neurode-
generative disease, is extremely common among 
elder individuals, which usually manifested as a 
series of activities including motor or neurobio-
logical disorders, such as resting tremor, exercise 
retardation, muscle rigidity and postural gait di-
sorders1. At present, the treatment of Parkinson’s 
disease still remains a symptomatic therapy and 
there is no good prevention or other treatment pro-
grams2. It has been suggested that its pathogenesis 
is likely to be related to neuronal apoptosis cau-
sed by impaired mitochondrial function3, so the 
study of neuronal apoptosis may provide a new 
target for the treatment of PD4. 1-Methyl-4-Phenyl-
pyridinium Iodide (MPP(+)) is a commonly used 
dopamine (DA) neuron poison that can cause the 
loss of mitochondrial membrane5, causing reacti-
ve oxygen species (ROS) formation, eventual-
ly leading to the death of cells, and, therefore, is 
often used to induce PD in vitro model6. MiRNA 
is a sort of non-coding RNAs, which can bind to 
the 3’-untranslated regions (3’-UTRs) of the target 
gene, causing a decrease in its protein expression 
level7. Many miRNAs have been found to play 
an important role in the development of PD. For 
example, microRNA-124 could enhance brain re-
pair in Parkinson’s disease8, miRNA-205 regulated 
the expression of Parkinson’s disease-related leuci-
ne rich repeat kinase 2 (LRRK2) expression9, and 
miRNA-7 protected against MPP(+)-induced PD 
cell apoptosis via KLF4, Bax, and Sirt210,11. Accor-
ding to several studies, miR-181c acted as a com-
mon tumor suppressor in many diseases, including 
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the gliomas and other neurological diseases12,13. At 
present, miR-181c has been found low expression 
in the blood of PD patients 14, but the clear role 
and the specific mechanism in PD are still unclear 
and need further excavation. Bcl-2-like protein 11 
(BCL2L11), a member of BCL family, functions as 
an apoptotic regulator, and it is involved in many 
diseases15. Several kind of researches identified that 
BCL2L11 was involved in PD, and promoted the 
neuronal apoptosis, which accelerated the progress 
of PD16. In our study, we analyzed the expression of 
miR-181c in MPP(+)-induced dopaminergic (DA) 
neuroblastoma cell line PC12; the gain of function 
assay using miR-181c mimics indicated the upregu-
lation of mir181c markedly reduced the MPP(+)-in-
duced apoptosis. Moreover, dual-luciferase repor-
ter assay displayed that miR-181c could directly 
bind to the BCL2L11 mRNA 3’-UTR region. We 
next measured the expression of BCL2L11, and we 
found that upregulation of miR-181c decreased the 
level of BCL2L11. These findings suggested that 
miR-181c could act as a protective factor against 
the MPP(+)-induced apoptosis of neurons via tar-
geting BCL2L11.

Materials and Methods

PC12 Cell Culture and MPP(+) Treatment
PC12 was purchased from American Type Cul-

ture Collection (ATCC, Manassas, VA, USA), and 
cultured in Dulbecco’s modified Eagle’s medium 
DMEM containing 10% fetal bovine serum (FBS) 
(Gibco, Grand Island, NY, USA). The cultures 
were incubated at 37°C in 5% CO2 humidified at-
mosphere. After 48 h, the cells were treated with 
different concentration of MPP(+) from 0 mM to 
2 mM.

Overexpression of miRNA-181c
The miR-181c mimics and negative control 

(NC) were compounded by Genepharma (Shan-
ghai, China). After cells were cultured to 40% 
density, PC12 cells were transfected with about 
20 nM mimics or NC using lipofectamine 2000 
reagent (Invitrogen, Carlsbad, CA, USA). The 
cells were replaced with fresh medium for 48 h 
after incubating for 6 h. Then, the miR-181c level 
was detected by quantitive Real-time polymerase 
chain reaction PCR (qRT-PCR).

Transfection of pcDNA
The plasmid pcDNA3.1-BCL2L11 and con-

trol were synthesized by Genepharma (Shanghai, 

China). Cells were seeded in six-well plates for 24 
h, and then incubated with pcDNA3.1-BCL2L11 
mixed with lipofectamine 2000 in serum-free 
DMEM. After maintained 48 h in normal atmo-
sphere, the expression of BCL2L11 was confirmed.

Isolation of RNA and qRT-PCR
Total RNAs of PC12 cells were extracted using 

TRIzol reagent (Invitrogen, Carlsbad, CA, USA) 
and reserve transfected to cDNAs using Reverse 
Transcription Kit (Takara, Dalian, China). The le-
vel of miR-181c was determined by miRNA Taq-
man Detection Kit (Haoqin, Shanghai, China) and 
small nuclear RNA U6 was used as internal control. 
The expression of BCL2L11 was detected by SYBR 
Premix kit (TaKaRa, Dalian, China), and GAPDH 
as internal reference. All the relative expression le-
vels were calculated by the 2-∆∆CT method. The 
primers used were: BCL2L11:5’-TAAGTTCT-
GAGTGTGACCGAGA-3’ (forward), 5’-GCTCT-
GTCTGTAGGGAGGTAGG-3’ (reverse); GAPDH: 
5’-TGTGGGCATCAATGGATTTGG-3’(forward), 
5’-ACACCATGTATTCCGGGTCAAT -3’(reverse).

Cell Viability Assays and cck8 Assay
The cell viability was measured using MTT 

assay. Cells instructed were planted into 96-well 
plates with 1X104 cells per well in 100 μL me-
dium and cultured with 10 μL reagent for 2 h at 
standard culture condition. Then, the absorbance 
of 490 nm was detected using a spectrophotome-
ter. CCK8 (Dojindo Laboratories, Kumamoto, 
Japan) assay was applied to measure the prolife-
ration of cells. The cells seeded in a density of 
1X103 cells with 100 uL medium were cultured 
for 0, 6, 12, 24 h after transfection. CCK8 reagent 
was added into the wells and absorbance of 450 
nm was measured.

ROS Measurement
The degree of intracellular ROS was detected 

using the fluorescent probe CM-H2DCFDA. 
After transfecting with mimics or NC, the PC12 
cells were treated with 0 or 2 mM MPP(+), then 
cultured with 10mM CM-H2DCFDA for 20 min 
in the dark. Fluorescence level was detected by 
a fluorescence reader (Saire2, Tecan, Mannedorf, 
Switzerland) at 485 nm excitation and 535 nm 
emissions. Normalized by the control, data was 
carried out by average values.

Caspase-3 Activity Assay
Caspase-3 activity Kit (Beyotime, Jiangsu, 

China) was used to determine the activity of ca-
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spase-3 according to the specific instructions. 
Cells after transfection were harvested and incu-
bated in lysis buffer for 15 min on ice. The super-
natant after 16.000 g for 15 min was added into 
reaction buffer containing 10 μL Ac-DEVD-pNA 
(2 mM) and incubated for 1.5 h. The absorbance 
at 405 nm was detected and measured.

Dual-Luciferase Reporter Assay
The Dual-Luciferase reporter system (Promega, 

Madison, WI, USA) was used to test the activity 
of luciferase. The BCL2L11 3’-UTR cDNA frag-
ment containing the wild type or mutant miR-181c 
binding site was amplified and cloned into pGL3 
luciferase vector (Promega, Madison, WI, USA). 
Then, PC12 cells were co-transfected with the 
established vector and miR-181c mimics or NC 
using lipofectamine 2000. Then, the activity of lu-
ciferase was determined using luminometer (Pro-
mega, Madison, WI, USA) and measured as the 
fold-change to the basic pGL3 vector relatively.

Cell Apoptosis by flow Cytometry
Cell apoptosis was measured by flow cytome-

try using an Annexin V fluorescein isothiocyana-
te (FITC) and propidium iodide (PI) kit (Vazyme, 
Nanjing, China). Treated PC12 cells were harvested 
and washed with pre-cooling phosphate buffered 
saline (PBS) and centrifuged 1000 rpm for 5 min. 
Then cells were resuspended in 1000 μL of binding 
buffer adding 10 μL of FITC and PI, respectively. 
After being maintained in dark for 15 min, cell 
apoptotic rate was measured by flow cytometry 
(FACS, BD Biosciences, San Jose, CA, USA), and 
the percentage of total cells was counted.

Western-blot
To investigate the relative BCL2L11 protein 

expression level, cells were washed with pre-co-
oling PBS and then lysed using RIPA (Beyotime, 
Shanghai, China). Then, the concentration of col-
lected protein was measured by using the BCA kit 
(Beyotime, Shanghai, China). After being degene-
rated and chilled on ice, the protein was separated 
by 10% sodium dodecyl sulphate-polyacrylamide 
gel electrophoresis (SDS-PAGE) and shifted to 
polyvinylidene fluoride (PVDF) membranes (Mil-
lipore, Billerica, MA, USA). 5% BSA dissolved 
in TBST buffer was used to block non-specific 
protein interactions at 25°C for 2 h. The membra-
nes loaded with proteins were incubated at 4°C 
overnight within the primary antibody (1:1000) 
against BCL2L11 (Abnova, Taipei, Taiwan). After 
being washed with tris buffered saline-tween 

(TBST) for 10 min each time for three times to 
clean the unbound antibody, the membranes were 
incubated with secondary antibody conjugated 
with horseradish peroxide (HRP) at room tem-
perature for one hour. After washing three times 
in TBST buffer, the bands were visualized using 
ECL Kit (Millipore, Billerica, MA, USA) fol-
lowing the instructions.

Statistical Analysis
All the data in this study were analyzed with 

SPSS 16.0 version software (SPSS Inc., Chi-
cago, IL, USA) and presented with GraphPad 
prism software version 5.0 software (San Die-
go, CA, USA). The independent samples t-test 
(SPSS Inc., Chicago, IL, USA) was used to per-
form statistical analysis and quantitative data 
was shown as mean ± SD. Fisher’s exact test 
was used for comparisons of qualitative va-
riables and p < 0.05 was considered having si-
gnificant difference.

Results

MiR-181c was Downregulated in 
MPP(+)-treated PC12 Cells

To stimulate the PD-like neuron loss, varying 
concentrations of MPP(+) were used to seek for 
the moderate condition. As shown in the Figu-
re 1A, cell viability of PC12 cells was declined 
with the change of the concentration. We next 
detected the expression of miR-181c in MP-
P(+)-treated PC12 cells and understood the level 
significantly decreased compared to the con-
trol group along with the dose of MPP(+) (Fi-
gure 1B). According to these results, we chose 
MPP(+) 2 mM for our main study. These results 
indicated that miR-181c may affect the function 
of MPP(+) in PC12 cells.

MiR-181c Protected the Viability and 
Proliferation of PC12 cell from MPP(+)

To further investigate the affect of miR-181c on 
cell viability, we overexpressed miR-181c in PC12 
cells using miR-181c mimics (Mimics), and the 
expression level increased about 2.95-fold when 
compared to the negative control (NC) (Figure 
2A). Then, the transfected cells were treated with 
0-2 mM MPP(+), and MTT assay was used to me-
asure the viability. Figure 2B displayed that cell 
viability of PC12 transfected with mimics impro-
ved in the groups of treating with 1 mM and 2 
mM MPP(+) compared to the NC group. Also, we 
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detected the cell proliferation of established PC12 
cells using CCK8 assay at different time points 
when exposed to 2 mM MPP(+) and found miR-
181c protected cell viability as a time-dependent 
manner (Figure 2C). Furthermore, we determined 
the ROS activity in the miR-181c overexpression 
PC12 and found ROS generation was markedly 
decreased in miR-181c mimics group than the 
NC group (Figure 2D). All the results showed 
that miR-181c could protect PC12 cells from MP-
P(+)-treated toxicity.

MiR-181c Reduced the Apoptosis 
in MPP(+)-Treated PC12 cells

To determine whether miR-181c could affect 
the PC12 apoptosis caused by MPP(+), we tested 
the apoptotic cell rate by flow cytometry in PC12 
cells transfected with miR-181c mimics or NC 
after maintained with 0mM or 2 mM MPP(+) for 
24 h. As shown in Figure 3A-B, miR-181c signi-
ficantly weakened MPP(+)-induced cell apoptosis 
in PC12 cells. Also, we measured the activity of 
caspase-3 and showed miR-181c reduced the le-
vel of caspase-3 (Figure 3C). The results verified 
that miR-181c reduced the apoptosis of PC12 cells 
caused by MPP(+).

BCL2L11 was a Target of miR-181c
To further study the specific way of miR-181c 

functioned in PC12 cells, we searched for the can-
didate target gene using bioinformatics analysis 
and selected BCL2L11 as a potential target (Fi-
gure 4A). To confirm the relationship between 

miR181c and BCL2L11, a dual-luciferase repor-
ter assay was established. The luciferase activity 
presented a clearly decrease in pGL3-BCL2L11 
3′-UTR-transfected cells, but no difference in 
pGL3-BCL2L11-mut 3′-UTR-transfected cells 
after overexpressing miR-181c (Figure 4B). Ad-
ditionally, we verified the BCL2L11 mRNA le-
vel using qRT-PCR and protein level using We-
stern-blot. Figure 4C, D and E showed that mRNA 
and protein of BCL2L11 decreased by overexpres-
sing miR-181c in MPP(+)-challenged PC12 cells. 
All results indicated BCL2L11 is a direct target 
gene of miR-181c in a cellular PD model.

MiR-181c Regulated cell Survival and 
Apoptosis of PC12 via BCL2L11

To validate that BCL2L11 plays a functional 
role in miR-181c mechanism of action, we ove-
rexpressed BCL2L11 using pCDNA-BCL2L11. 
After transfected with miR-181c mimic, miR-181c 
NC, or miR-181c mimic and pCDNA-BCL2L11, 
we treated the cells with MPP(+) and tested the 
change of apoptotic rate and caspase-3 activity. 
As shown in Figure 5A, overexpressing BCL2L11 
could significantly reduce the protective function 
of miR-181c in opposition to the apoptosis caused 
by MPP(+) in PC12 cells. The caspase-3 activi-
ty increased too, while overexpressing miR-181c 
and BCL2L11 increased at the same time, which 
confirmed the effect of pcDNA-BCL2L11 (Fi-
gure 5B). Then, we affirmed the protein level of 
BCL2L11 by Western-blot and the trends show 
the same change as we speculated (Figure 5C, D). 

Figure 1. MiR-181c was downregulated in MPP(+)-treated PC12 cells. A, Analysis of the percentage cell viability in different 
concentrations of MPP(+). Cell viability of PC12 was significantly decreased along with the evaluated MPP(+) concentration. B, 
Analysis of miR-181c expression level in PC12 cells treated with 0-2mM MPP(+). MiR-181c was detected by qRT-PCR and U6 
was used as an internal control. Data are presented as the mean ± SD of three independent experiments. * p < 0.05, ** p < 0.01.
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All the outcomes revealed that miR-181c could re-
duce the expression of BCL2L11 and function as 
a protective factor in MPP(+)-induced PD cellular 
model.

Discussion

With the extension of life expectancy in the 
world, Parkinson’s disease as a common neuro-
degenerative disease has gained more and more 
attention17. Because of its lack of early symp-
toms, the current diagnosis and treatment are 
still difficult to be detected and need a develop-
ment stage 18. MiRNAs, as a sort of regulatory 
factors, have been shown to be involved in the 
development of multiple diseases in recent ye-
ars19. In neurodegenerative diseases such as Par-

kinson and Alzheimer’s disease, miRNAs have 
also been shown to be involved in many pro-
cesses of their development and progression20,21. 
Thome et al22 revealed miRNA-155 could regu-
late alpha-synuclein-induced inflammatory re-
sponses in PD. Also, miR-126 was reported by 
Kim et al23 to regulate growth factor activities 
to toxic insult in PD. In addition, miR-34b/34c 
was decreased in several affected brain regions 
in PD24. At the same time, some studies have 
also pointed out that miRNAs may serve as 
markers for early diagnosis of PD25; for exam-
ple, blood miRNAs-103a, -30b, and -29a were 
overexpressed in L-dopa-treated patients with 
PD26, and serum miR-221 could serve as a bio-
marker for Parkinson’s disease27. Along with the 
study of exosome, miR-19b, miR-24, and miR-
195 could be detected in serum exosome-like 

Figure 2. MiR-181c protected the viability and proliferation of PC12 cell from MPP(+). A, MiRNA level of PC12 cells tran-
sfected with miR-181c mimics or NC or not. B, MTT assay was performed to determine the viability of PC12 cells treating 
with different concentrations of MPP(+) after transfected with miR-181c mimics (Mimics) or miR-181c NC respectively. C, 
CCK8 assay was performed at 0, 6, 12, 24 h time points to determine the viability of PC12 cells co-cultured with 2mM MPP(+) 
transfected with mimics and NC respectively. D, ROS levels were detected in variously treated PC12 cells. Data are presented 
as the mean ± SD of three independent experiments. * p < 0.05, ** p < 0.01.
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Figure 3. MiR-181c reduced the apoptosis of in MPP(+)-treated PC12 cells. PC12 cells were cultured with or without 2mM 
MPP(+) after miR-181c mimincs or NC transfection. A, Flow cytometric analysis was performed to detect the apoptotic rates of 
established PC12 cells. B, The apoptotic rate was calculated from the FACS data. C, The activity of caspase-3 was measured. 
Data are presented as the mean ± SD of three independent experiments. * p < 0.05, ** p < 0.01.

Figure 4. BCL2L11 was a direct target of miR-181c. A, The predicted binding sites of miR-181c in the 3’-UTR of BCL2L11. 
B, Dual-luciferase reporter assay was used to determine the binding site. PC12 cells treated by mimics or NC were transfected 
with pGL3 construct containing the WT or Mut BCL2L11 3’-UTR region. C, The expression levels of BCL2L11 mRNA in mi-
mics or NC treated in 0 mM or 2 mM MPP(+)-induced PC12 cells. D-E, Levels of BCL2L11 protein measured by Western-blot 
in various PC12 cells. The mRNA levels and the protein levels were normalized to that of GAPDH. Data are presented as the 
mean ± SD of three independent experiments. * p < 0.05, ** p < 0.01.
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microvesicles of PD patients due to the findin-
gs of Cao et al28. MiRNA-181c as a 22-nucleo-
tide miRNA, has been reported to be involved 
in the progression of many diseases including 
glioma cancers and Alzheimer’s disease. It inhi-
bited glioblastoma cell invasion, migration and 
mesenchymal transition (EMT) by targeting 
TGF-β pathway29. In sporadic Alzheimer’s di-
sease, microRNA-181c regulated serine palmi-
toyltransferase and, in turn, amyloid β30. In PD, 
miR-181c may serve as a biomarker according 
to microarray analysis of transcriptome14. Con-
sistence with this, we demonstrated that miR-
NA-181c was downregulated in MPP(+)-indu-
ced PC12 cells. Furthermore, we next detected 
the effect of miRNA-181c in cell viability and 
apoptosis by overexpressing miRNA-181c in 
PC12 cells. As a tumor suppressor in gastric 
cancer and glioma 9, miRNA-181c functioned as 
a protective factor against the apoptotic influen-
ce caused by MPP(+). MiRNAs could block the 
translation initiation and reduce the expression 
of target genes, which is the main mechanism 
of miRNA activity31. We used TargetScan-Hu-

man 6.2 to predict the potential targets for miR-
181c and predicted that the 3’-UTR of BCL2L11 
was a binding site for miR-181c. BCL2L11 (also 
known as Bim) is an apoptosis facilitator as a 
member of BCL family, and has been studied 
to participate in the regulation mechanism 
through several different pathways to promo-
te the process of PD8,32. Dual-luciferase repor-
ter assay confirmed that miRNA-181c could 
directly binding to the BCL2L11 3’-UTR site. 
Next, we identified the expression of BCL2L11 
mRNA and protein level significantly reduced 
by miR-181c overexpression with qRT-PCR and 
Western-blot. In addition, BCL2L11 is involved 
in the PD regulation network, which co-works 
with BCL2, Bax, and so on. Further study de-
monstrated that BCL2L11 overexpression by 
pcDNA could reduced the protective function 
of miR-181c against apoptosis in MPP(+)-indu-
ced cellular PD model. These results indicated 
that BCL2L11 was an important molecular of 
miR-181c, which decreased the negative effect 
of MPP(+) in PC12. Though we have studied the 
optimistic effect of miR-181c in MPP(+)-indu-

Figure 5. MiR-181c regulated cell survival and apoptosis of PC12 via BCL2L11. The PC12 cells with 0 or 2 mM MPP(+) treatment 
were transfected with RNA oligonucleotides or with or without pcDNA-BCL2L11. A, Analysis of the apoptotic rate; B, Relative activity 
of caspase-3; C, Western-blot analyses of BCL2L11 expression level. GAPDH was used as an internal control. D, Relative protein band 
densities of BCL2L11. Data are represented as the mean ± SD of three replicates. * p < 0.05, ** p < 0.01, ns: non-sense.
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ced cellular PD model, and identify BCL2L11 as 
a potential target for miR-181c, further studies, 
especially in vivo, are needed for elucidating 
specific and comprehensive mechanism of miR-
181c in PD.

Conclusions

This work determined that miR-181c had a 
protective effect in MPP(+)-induced PD cellular 
model by reducing the apoptosis and enhancing 
the cell viability. Besides, miR-181c could play its 
protective role via suppressing BCL2L11. Our fin-
dings implied that miR-181c may serve as an in-
novative and prospective diagnosis and treatment 
target for PD.

Conflict of interest
The authors declare no conflicts of interest.

References

 1) Elbaz a, CarCaillon l, Kab S, MoiSan F. Epidemio-
logy of Parkinson’s disease. Rev Neurol (Paris) 
2016; 172: 14-26. 

 2) Sun HQ, zHang X, Huang WJ, CHEn WW. The news 
advances on Alzheimer’s disease’s therapeutics. 
Eur Rev Med Pharmacol Sci 2016; 20: 1903-1910.

 3) ouazia D, lEvroS lJ, raSSart E, DESroSiErS rr. The 
protein l-isoaspartyl (d-aspartyl) methyltransfera-
se protects against dopamine-induced apoptosis 
in neuroblastoma SH-SY5Y cells. Neuroscience 
2015; 295: 139-150.

 4) MattSon MP. MattSon MP. Apoptosis in neurodege-
nerative disorders. Nat Rev Mol Cell Bio 2000; 1: 
120-129.

 5) naKaMura K, binDoKaS vP, MarKS JD, WrigHt Da, 
FriM DM, MillEr rJ, Kang uJ. The selective toxicity 
of 1-methyl-4-phenylpyridinium to dopaminergic 
neurons: the role of mitochondrial complex I and 
reactive oxygen species revisited. Mol Pharmacol 
2000; 58: 271-278.

 6) SuzuKi K, Mizuno Y, YoSHiDa M. Effects of 
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP)-like compounds on mitochondrial respi-
ration. Adv Neurol 1990; 53: 215-218.

 7) li z, rana tM. Therapeutic targeting of microR-
NAs: current status and future challenges. Nat 
Rev Drug Discov 2014; 13: 622-628.

 8) Wang H, YE Y, zHu z, Mo l, lin C, Wang Q, Wang H, 
gong X, HE X, lu g. MiR-124 regulates apoptosis 
and autophagy process in MPTP model of par-
kinson’s disease by targeting to bim. Brain Pathol 
2016; 26: 167-176.

9) CHo HJ, liu g, Jin SM, PariSiaDou l, XiE C, Yu J, 
Sun l, Ma b, Ding J, vanCraEnEnbroECK r. Mi-
croRNA-205 regulates the expression of Par-
kinson’s disease-related leucine-rich repeat 
kinase 2 protein. Hum Mol Genet 2013; 22: 
608-620.

10) Kong b, Wu PC, CHEn l, Yang t, Yuan YQ, Kuang YQ, 
CHEng l, zHou Ht, gu JW. MicroRNA-7 protects 
against 1-methyl-4-phenylpyridinium iodide-in-
duced cell apoptosis in SH-SY5Y cells by direct-
ly targeting Krupple-Like factor 4. Dna Cell Biol 
2016; 35: 217-225.

11) li S, lv X, zHai K, Xu r, zHang Y, zHao S, Qin X, Yin 
l, lou J. MicroRNA-7 inhibits neuronal apoptosis 
in a cellular Parkinson’s disease model by targe-
ting Bax and Sirt2. Am J Transl Res 2016; 8: 993-
1004.

12) HE X, liu z, PEng Y, Yu C. MicroRNA-181c inhibits 
glioblastoma cell invasion, migration and mesen-
chymal transition by targeting TGF-beta pathway. 
Biochem Biophys Res Commun 2016; 469: 1041-
1048.

13) zHou H, zHang r, lu K, Yu W, XiE b, Cui D, Jiang l, 
zHang Q, Xu S. Deregulation of miRNA-181c po-
tentially contributes to the pathogenesis of AD by 
targeting collapsin response mediator protein 2 in 
mice. J Neurol Sci 2016; 367: 3-10.

14) liao XY, Wang WW, Yang zH, Wang J, lin H, Wang QS, 
Wu YX, liu Y. Microarray analysis of transcripto-
me of medulla identifies potential biomarkers for 
Parkinson’s disease. Int J Genomics 2013; 2013: 
606919.

15) bouillEt P, Purton JF, goDFrEY Di, zHang lC, Coul-
taS l, PutHalaKatH H, PEllEgrini M, CorY S, aDaMS 
JM, StraSSEr a. BH3-only Bcl-2 family member 
Bim is required for apoptosis of autoreactive thy-
mocytes. Nature 2002; 415: 922-926.

16) PEriEr C, bové J, Wu DC, DEHaY b, CHoi DK, JaCK-
SonlEWiS v, ratHKEHartliEb S, bouillEt P, StraSSEr a, 
SCHulz Jb. Two molecular pathways initiate mito-
chondria-dependent dopaminergic neurodegene-
ration in experimental Parkinson’s disease. Proc 
Natl Acad Sci USA 2007; 104: 8161-8166.

17) guo g, Xu S, Cao lD, Wu QY. The effect of levo-
dopa benserazide hydrochloride on homocystei-
nemia levels in patients with Parkinson’s disease 
and treatment of hyperhomocysteinemia. Eur Rev 
Med Pharmacol Sci 2016; 20: 2409-2412.

18) van DSCJ. Psychotropic drug development stra-
tegies that target neuropsychiatric etiologies in 
Alzheimer’s and Parkinson’s diseases. Drug Dev 
Res 2016; 77: 458-468.

19) Wu l, bElaSCo Jg. Let me count the ways: mecha-
nisms of gene regulation by miRNAs and siRNAs. 
Mol Cell 2008; 29: 1-7.

20) tan l, Yu Jt, tan l. Causes and consequences of 
MicroRNA dysregulation in neurodegenerative di-
seases. Mol Neurobiol 2015; 51: 1-14.

21) tarazi Fi, SaHli zt, WolnY M, MouSa Sa. Emerging 
therapies for Parkinson’s disease: From bench to 
bedside. Pharmacol Ther 2014; 144: 123-133.



M. Wei, L.-J. Cao, J.-L. Zheng, L.-J. Xue, B. Chen, F. Xiao, C.-S. Xu

3304

22) tHoME aD, HarMS aS, volPiCElli-DalEY la, StanDa-
Ert Dg. MicroRNA-155 regulates Alpha-Synu-
clein-Induced inflammatory responses in mo-
dels of Parkinson disease. J Neurosci 2016; 36: 
2383-2390.

23) KiM W, noH H, lEE Y, JEon J, SHanMugavaDivu a, 
MCPHiE Dl, KiM KS, CoHEn bM, SEo H, Sonntag KC. 
MiR-126 regulates growth factor activities and vul-
nerability to toxic insult in neurons. Mol Neurobiol 
2016; 53: 1-14.

24) Harraz MM, DaWSon tM, DaWSon vl. MicroRNAs 
in Parkinson’s disease. J Chem Neuroanat 2011; 
42: 127-130.

25) MarQuES tM, KuiPEriJ Hb, bruinSMa ib, ruMunD av, 
aErtS Mb, ESSElinK raJ, bloEM br, vErbEEK MM. Mi-
croRNAs in cerebrospinal fluid as potential bio-
markers for Parkinson’s disease and multiple sy-
stem atrophy. Mol Neurobiol 2016 Nov 14. [Epub 
ahead of print]

26) SEraFin a, FoCo l, zanigni S, blanKEnburg H, PiCarD 
a, zanon a, giannini g, PiCHlEr i, FaCHEriS MF, Cor-
tElli P. Overexpression of blood microRNAs 103a, 
30b, and 29a in L-dopa-treated patients with PD. 
Neurology 2015; 84: 645-653.

27) Ma W, li Y, Wang C, Xu F, Wang M, liu Y. Serum 
miR-221 serves as a biomarker for Parkinson’s 
disease. Cell Biochem Funct 2016; 34: 511-515.

28) Cao XY, lu JM, zHao zQ, li MC, lu t, an XS, XuE lJ. 
MicroRNA biomarkers of Parkinson’s disease in 
serum exosome-like microvesicles. Neurosci Lett 
2017; 644: 94-99.

29) li Y, Wang H, li J, YuE W. MiR-181c modulates the 
proliferation, migration, and invasion of neurobla-
stoma cells by targeting Smad7. Acta Biochim 
Biophys Sin (Shanghai) 2014; 46: 48-55.

30) gEEKiYanagE H, CHan C. MicroRNA-137/181c re-
gulates serine palmitoyltransferase and in turn 
amyloid β, novel targets in sporadic Alzheimer’s 
disease. J Neurosci 2011; 31: 14820-14830.

31) valinEzHaD orang a, SaFaralizaDEH r, KazEMza-
DEH-bavili M. Mechanisms of miRNA-Mediated 
gene regulation from common downregulation 
to mRNA-Specific upregulation. Int J Genomics 
2014; 2014: 970607.

32) baraM o, WEinrEb o, aMit t, YouDiM MbH. Regula-
tion of Bcl-2 family proteins, neurotrophic factors, 
and APP processing in the neurorescue activity of 
propargylamine. FASEB J 2005; 19: 1899-1901.


