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Abstract: Parkinson’s disease (PD) is the second most common neurodegenerative disorder around the world,
and is characterized by progressive loss of nigrostriatal dopaminergic neurons. Certain microRNAs (miRNAs) are
aberrantly expressed in the post-mortem brain tissues of patients with PD and in vivo PD model mice. However,
the role of brain-enriched miRNA (miR)-10a in PD has not been studied. To investigate the regulatory role of miR10a on α-synuclein (α-syn) in the pathology of PD, the present study aimed to examine whether upregulation of
miR-10a attenuated A30P α-syn mutant aggregation and cellular toxicity. miRNA expression analysis by reverse
transcription-quantitative polymerase chain reaction demonstrated that miR-10a expression was decreased in the
midbrain of A30P α-syn transgenic mice and in SH-SY5Y human neuroblastoma cells transfected with A30P α-syn.
In addition, miR-10a mimics were used to upregulate miR-10a expression. It was revealed that the upregulation of
miR-10a suppressed α-syn intracellular accumulation and toxicity in α-syn-overexpressing SH-SY5Y cells. In addition, miR-10a overexpression resulted in a reversal of the A30P α-syn-induced upregulation of proapoptotic protein
Bcl-2-associated X protein and cleaved caspase-3 expression and downregulation of antiapoptotic protein B-cell
lymphoma-2 (BCL2) expression. A luciferase reporter assay demonstrated that BCL2-like 11 (BCL2L11), an apoptosis inducer, was a novel target gene of miR-10a. A30P α-syn aggregation and toxicity were alleviated by knocking
down endogenous BCL2L11 in SH-SY5Y cells using a small interfering RNA specific for BCL2L11. In conclusion,
these results demonstrate that miR-10a may serve a functional role in α-syn-induced neuronal pathology by inhibiting expression of BCL2L11 and that upregulation of miR-10a expression may be a useful therapeutic strategy for
the treatment of PD.
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Introduction
Parkinson’s disease (PD) is the second most
prevalent neurodegenerative disorder around
the world, which is characterized by a reduction
of dopaminergic neurons in the substantia
nigra pars compacta (SNpc), corpus striatum,
and brain cortex [1]. α-synuclein (α-syn), an
abundant presynaptic protein, has the capability to regulate synaptic vesicle mobilization in
central neurons. α-syn has been demonstrated
to be the primary component of Lewy bodies,
which are the intracellular aggregates found in
brains of PD patients [2]. The accumulation of
misfolded and aggregated proteins is involved
in the pathogenesis of PD [3]. Mutations in αsyn, in particular the dominant mutation A30P,
induce aberrant aggregation of α-syn and re-

sults in neurotoxicity, thereby causing earlyonset familial PD [4-6]. Therefore, strategies
aimed at rescuing α-syn-mediated toxicity and
modifying the inclusion morphology may provide an effective treatment option for PD
patients.
B-cell lymphoma 2-like 11 (BCL2L11) is a proapoptotic BH3-only BCL2 family member that
has been demonstrated to interact with BCL2,
BCL2L1/BCL-extra large, and BCL2L3 (also
known as MCL1), and acts as a vital apoptotic
activator [7]. In healthy cells, BCL2L11 interacts with dynein light chain 1 (DYNL1, also
known as LC8) and remains inactive. When
cells are stimulated by a toxicant, BCL2L11 is
released from DYNLL1 and induces apoptosis
by inactivating BCL2 and activating BCL-2-
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associated X protein (BAX)-BCL2 antagonist/
killer 1 [8]. A previous study demonstrated
that BCL2L11 expression is upregulated during
neuronal apoptosis [9]. In addition, BCL2L11
expression was reported to be upregulated in
the ventral midbrain of a 1-methyl-4-phenyl1,2,3,6-tetrahydropyridine (MPTP)-induced PD
mouse model, and BCL2L11-deficient mice
exhibited a protective effect against MPTPinduced SNpc dopaminergic neuronal death
[10]. Conversely, another study revealed that
BCL2L11 inhibited autophagy by mislocalization of Beclin 1 from the endoplasmic reticulum
to the microtubules [11]. BCL2L11 was also
demonstrated to be a dual agent that regulated
autophagy in drug resistance [12]. Although
proapoptotic effects of BCL2L11 have been
reported, the underlying molecular mechanism
of BCL2L11 in dopaminergic neuronal apoptosis during PD progression remains unknown.
microRNAs (miRNAs) are a class of endogenous, small noncoding RNAs that regulate of
gene expression by targeting mRNAs for cleavage or translational repression [13]. A number
of studies have demonstrated that miRNAs are
involved in the pathology of several neurodegenerative diseases, including PD and Alzheimer’s disease (AD); however, their functions
remain poorly understood [14, 15]. In dopaminergic neurons, elevated miRNA (miR)-126 was
previously revealed to impair insulin-like growth
factor 1 (IGF-1) and enhance vulnerability to the
neurotoxin 6-hydroxydopamine by regulating
the IGF-1/phosphoinositide 3-kinase signaling
pathway [16]. miR-10b was downregulated in
acutely rejected kidney allografts (17), and in
vitro experiments revealed that miR-10b mediated acute rejection of renal allografts by directly targeting BCL2L11 [17]. A miRNA expression profiling analysis revealed that miR-10a
expression was significantly decreased in A30P
α-syn transgenic mice, which suggested that
miR-10a may be involved in the pathological
process of PD [18]. Based on these previous
data, the present study hypothesized that miR10a may inhibit A30P α-syn aggregation and
toxicity by regulating the expression of the proapoptotic protein BCL2L11.
In the present study, miR-10a was revealed to
inhibit BCL2L11 expression by binding to its
3’-untranslated region (UTR). The reduced BCL2L11 expression led to suppression in the formation of α-syn aggregates and associated tox625

icity. These data suggested that miR-10a may
serve as a therapeutic target for the treatment
of PD.
Materials and methods
Animals
Ten wild type (WT) C57BL/6J mice and ten
A30P α-syn transgenic C57BL/6J mice weighting about 20 g (male; age, 12 months; Jackson
Laboratory, Bar Harbor, ME, USA) were housed
under standard conditions at a temperature of
25°C, 50-60% humidity, 12-h light/dark cycles
and were provided with standard laboratory
feed and water ad libitum. The mice were sacrificed prior to analysis. The animal experiments
were reviewed and approved by the Animal
Care and Use Committee of Huaihe Hospital of
Henan University (Henan, China) and were in
compliance with the Chinese National Institute
of Health Guidelines for Care and Use of
Laboratory Animals. All efforts were made to
minimize animal suffering and to reduce the
number of animals used in the present study.
Cell culture
SH-SY5Y human neuroblastoma cells (American
Type Culture Collection, Manassas, VA, USA)
were used as an in vitro model for PD in the
present study, as these cells exhibit many characteristics of dopaminergic neurons. For example, SH-SY5Y cells have a low degree of differentiation and are able to synthesize dopamine
and dopamine transporter proteins. Therefore,
the SH-SY5Y cell line has been used as an in
vitro model of PD in previous years [19]. SHSY5Y and 293T cells (American Type Culture
Collection) were maintained in 25 cm2 flasks
(Corning Inc., Corning, NY, USA) with Dulbecco’s
modified Eagle’s medium (DMEM; Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA,
USA) supplemented with 10% heat-inactivated
fetal bovine serum (HyClone; GE Healthcare
Life Sciences, Logan, UT, USA, USA), penicillin
(100 U/ml; Gibco; Thermo Fisher Scientific,
Inc.), and streptomycin (100 μg/ml; Gibco; Thermo Fisher Scientific, Inc.) at 37°C in a humidified atmosphere with 5% CO2. The growth medium was replaced every 2 or 3 days.
Cell transfection
SH-SY5Y cells (5×104/ml) cultured in 24-well
plates were transfected at 50% confluence
Int J Clin Exp Pathol 2018;11(2):624-633
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using Lipofectamine 2000 (Invitrogen; Thermo
Fisher Scientific, Inc.). Prior to transfection, 2 μl
Lipofectamine 2000 and 1.5 μg plasmids, prediluted with 25 μl of serum-free DMEM (without
antibiotics), were mixed gently to combine.
Following incubation for 15 min at 25°C, the
complete culture medium was replaced with
350 μl serum-free DMEM and the transfection
mixture was added to the cells in a drop-wise
manner. The culture medium was replaced with
fresh complete culture medium 6 h post-transfection. After 48 h of culture, cells were harvested for subsequent experiments.
Reverse transcription-quantitative polymerase
chain reaction (RT-qPCR)
Total RNA was extracted from the midbrain of
12-month-old mice using TRIzol regent (Invitrogen; Thermo Fisher Scientific, Inc.), and RNA
was extracted from cultured cells using a mirVana miRNA Isolation kit (Ambion; Thermo
Fisher Scientific, Inc.), in accordance with the
manufacturer’s protocol. The extracted RNA
was quantified using a NanoDrop spectrophotometer (NanoDrop Technologies; Thermo Fisher Scientific, Inc.) at wavelengths of 260 and
280 nm. Equal amounts of RNA (1.5 μg) were
reverse transcribed to cDNA using a RevertAid
First Strand cDNA Synthesis kit (Thermo Fisher
Scientific, Inc.). cDNA for miRNAs was synthesized using a TaqMan miRNA reverse transcription kit (Applied Biosystems; Thermo Fisher
Scientific, Inc.). cDNA was stored at -20°C until
further use. mRNA and miRNA expression levels were detected by qPCR using Power SYBR
Green PCR Master mix (Applied Biosystems;
Thermo Fisher Scientific, Inc.). The expression
levels of the GAPDH housekeeping gene and
U6 small nuclear RNA were used as internal
standards for BCL2L11 and miR-10a expression, respectively. The data obtained were calculated by using the 2-ΔΔCq method [20].
MTT assay
Cell proliferation was evaluated by the MTT
assay. Briefly, cells (5×103) were seeded into
each well of a 96-well flat-bottomed plate.
Following 24 h incubation at 37°C, cells were
transfected with A30P α-syn (4 μg/ml; Genewiz,
Suzhou, China), miR-10a mimics (Genewiz; 50
nmol/l), miR-10a inhibitors (Genewiz; 50 nmol/
l) or small interfering RNA (siRNA; Genewiz; 50
nmol/l) targeting BCL2L11 using Lipofectami626

ne 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.), according to the manufacturer’s protocol.
Following incubation for 48 h, 50 μl MTT solution (2 mg/ml; Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) was added into each well
and incubated for 4 h at 37°C in the dark. The
MTT solution was removed and dimethyl-sulfoxide (150 μl) was added to each well to dissolve
the formazan crystals. Finally, the absorbance
was measured at a wavelength of 490 nm
using a microplate reader (Bio-Rad Laboratories,
Inc., Hercules, CA, USA).
Lactate dehydrogenase (LDH) release assay
LDH activity in the cell culture medium was
detected using a Cytotoxicity Detection kit LDH
(Roche Applied Science, Penzberg, Germany).
One day prior to transfection, SH-SY5Y cells
(5×103) were seeded and grown in a 96-well
plate at 37°C. At 48 h post-transfection, the
LDH assay was conducted according to the
manufacturer’s protocol. Cytotoxicity was calculated as follows: Cytotoxicity (%) = [(experimental value - low control)/(high control - low
control)] ×100%. Low control was the LDH in
culture supernatants of SH-SY5Y cells only;
high control was the maximum releasable LDH
in culture supernatants of SH-SY5Y cells following lysis with Triton X-100 at a final concentration of 0.5% for 4 h. Absorbance at a wavelength of 490 nm was detected using a microplate reader (Bio-Rad Laboratories, Inc.).
Dual-luciferase reporter assay
293T cells were plated in a 24-well plate 24 h
prior to transfection. Following incubation, 0.3
µg luciferase reporter plasmid containing the
WT BCL2L11 3’-UTR or a mutant (Mut) BCL2L11 3’-UTR (Shanghai GenePharma Co., Ltd.,
Shanghai, China) and 50 nM miR-10a mimics
or scramble mimics negative control (miR-NC;
Shanghai GenePharma Co., Ltd.) were co-transfected into each well using Lipofectamine 2000
(Invitrogen). The luciferase reporter plasmids
were constructed commercially and purchased
from Shanghai GenePharma Co., Ltd. A 177-bp
segment from the 3’-UTR of the BCL2L11 gene
containing the miR-10a binding site was cloned
into the pRL-SV40 vector (Promega Corporation,
Madison, WI, USA). The sequence of this segment was as follows: 5’-ccacttataaatagcactgatctggctgtatactgatccatcactaacctgttttctaggacccagcgtatgtagcatttgtattgcagtttccctggcttInt J Clin Exp Pathol 2018;11(2):624-633
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Figure 1. Expression of miR-10a in α-syn A30P transgenic mice and A30P α-syn-overexpressed SH-SY5Y cells.
Protein expression was detected by Western blotting and microRNA levels were detected by reverse transcriptionquantitative polymerase chain reaction. A: At 48 h post-transfection, cells were harvested and subjected to Western
blotting using an anti-α-syn antibody. B: miR-10a expression levels in SH-SY5Y cells transfected with A30P α-syn.
C: miR-10a expression levels in the midbrain of male A30P α-syn transgenic mice. D: BCL2L11 protein expression
in SH-SY5Y cells transfected with A30P α-syn. E: BCL2L11 protein expression in the midbrain of male A30P α-syn
transgenic mice. Data are presented as the mean ± standard deviation (n=4); **P<0.01 and ***P<0.001 vs. vector
or WT control. α-syn, α-synuclein; BCL2L11, B-cell lymphoma like 11; miR, microRNA; WT, wild-type.

acttgtgttttgcactgatgaattttgacagggtaattgccactttacttgtgcaatactgctgtaaataactgca-3’. At 48 h
post-transfection, cells were collected and then
lysed with passive lysis buffer for 15 min at
room temperature and the luciferase expression was determined by using the DualLuciferase Reporter 1000 System (Promega
Corporation), according to the manufacturer’s
protocol.
Western blot analysis
Protein was extracted from midbrain tissues of
A30P α-syn transgenic mice or SH-SY5Y cells
using radioimmunoprecipitation assay lysis
buffer (Beyotime Institute of Biotechnology,
Haimen, China). The homogenate was centrifuged at 12,000× g for 30 min at 4°C and the
pellet was discarded. Total protein concentration was measured using the bicinchoninic
acid protein assay kit (Pierce; Thermo Fisher
Scientific, Inc.). A total of 20 μg protein was
separated by SDS-PAGE. Following separation,
proteins were transferred onto polyvinylidene
difluoride membranes (EMD Millipore, Billerica,
MA, USA). Membranes were blocked with 5%
nonfat milk in TBS containing 0.1% Tween-20 at
room temperature for 1 h and subsequently
probed with primary antibodies overnight at
4°C. Antibodies against α-syn (1:500; catalog
no. 2642), BCL2L11 (1:500; catalog no. 2819),
and β-actin (1:2000; catalog no. 4967) were
purchased from Cell Signaling Technology, Inc.
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(Danvers, MA, USA). Anti-BCL2 (1:1500; catalog no. sc-23960) and anti-BAX (1:1500; catalog no. sc-65532) antibodies were purchased
from Santa Cruz Biotechnology, Inc. (Dallas, TX,
USA). The anti-cleaved caspase-3 antibody (1:
500; catalog no. ab49822) was obtained from
Abcam (Cambridge, UK). The anti-HA-Tag antibody (1:1000; catalog no. CW0092) was obtained from CWbiotech (Beijing, China). Following primary antibody incubation, membranes
were incubated with horseradish peroxidaseconjugated secondary antibodies (1:2000; catalog no. ab97051 and ab6789; Abcam) for 1 h
at room temperature. Protein bands were visualized using an Enhanced Chemiluminescence
detection system (EMD Millipore) and exposed
to medical X-ray films.
Immunocytochemistry
For immunocytochemistry, SH-SY5Y cells were
seeded onto coverslips (Thermo Fisher Scientific, Inc.) in a 24-well plate and cultured for 24
h prior to transfection. At 48 h post-transfection, cells were fixed with 4% paraformaldehyde
in PBS for 15 min at room temperature, permeabilized with 0.3% Triton X-100 for 10 min and
blocked with 5% goat serum for 45 min. Cells
were incubated with an anti-α-syn antibody
(1:300; catalog no. ab32127; Abcam) for 4 h at
room temperature. Following three washes with
PBS, cells were incubated with an Alexa Fluor
488-labeled secondary antibody (1:500; catalog no. A27034; Invitrogen, Thermo Fisher SciInt J Clin Exp Pathol 2018;11(2):624-633
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Figure 2. Effects of miR-10a on α-syn aggregation and toxicity. SH-SY5Y cells were transfected with (A) empty vector,
(B) A30P α-syn, (C) A30P α-syn + miR-NC, (D) A30P α-syn + miR-10a mimics and (E) A30P α-syn + miR-10a inhibitor,
followed by immunostaining with a human anti-α-syn antibody. (F) Quantification of the number of α-syn-positive
aggregates in every 100 cells. (G) Percentage of all cells in which α-syn aggregates were observed. (H) Cell viability
was assessed by MTT assay. (I) Cytotoxicity was assessed by LDH assays. Scale bar, 10 μm. Data are presented the
mean ± standard deviation (n=3); *P<0.05, **P<0.01 and ***P<0.001. α-syn, α-synuclein; LDH, lactate dehydrogenase; miR, microRNA; NC, negative control.

entific, Inc.) for 1 h at room
temperature in the dark.
Nuclei were stained with
0.5 μg/ml DAPI (SigmaAldrich; Merck KGaA) as a
method to count the total
number of cells per field.
Cell fluorescence was visualized using a confocal laser scanning microscope
(Olympus Corporation, Tokyo, Japan).
Statistical analysis

Figure 3. Effects of miR-10a on the intrinsic apoptosis pathway. SH-SY5Y cells
were transfected with or without A30P α-syn and co-transfected with either miRNC or miR-10a mimics. Protein expression levels of BCL2, BAX, and cleaved
caspase-3 were detected by Western blotting. Data are presented as the
mean ± standard deviation (n=3). *P<0.05, **P<0.01 and ***P<0.001. α-syn,
α-synuclein; BAX, BCL2-associated X protein; BCL2, B-cell lymphoma-2; miR,
microRNA.
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All experiments were repeated independently at
least three times. Data
were analyzed by Student’s
t-test or one-way analysis
of variance followed by
Tukey’s post-hoc test. Results were expressed as
the mean ± standard deviation. P<0.05 was considered to indicate a statistically significant difference.
All data analysis was performed using SPSS version
17.0 software (SPSS, Inc.,
Chicago, IL, USA).
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decreased in the midbrain
of A30P α-syn transgenic
mice compared with that in
WT mice (Figure 1C). Western blotting revealed that
the BCL2L11 protein was
overexpressed in SH-SY5Y
cells transfected with A30P
α-syn and in the midbrain
of A30P α-syn transgenic
mice (Figure 1D and 1E,
respectively). This data suggested that downregulation of miR-10a and upregulated BCL2L11 may be
implicated in the pathogenesis of PD.

Figure 4. miR-10a inhibits the expression of BCL2L11 by directly binding to its
3’-UTR. (A) Putative binding sites for miR-10a in the 3’-UTR of BCL2L11 mRNA.
The mutated region in BCL2L11 3’-UTR reporter constructs is labeled with a
horizontal line. The expression of BCL2L11 at the (B) protein and (C) mRNA level
was determined by Western blotting and reverse transcription-quantitative polymerase chain reaction, respectively. (D) SH-SY5Y cells were transfected with
luciferase reporter vectors with either the BCL2L11-WT 3’-UTR or the BCL2L11Mut 3’-UTR, along with miR-10a mimics or miR-NC. Cells were harvested 24
h post-transfection and then subjected to the luciferase activity assay. Data
are presented as the mean ± standard deviation (n=3). **P<0.01 and ***P<
0.001. 3’-UTR, 3’-untranslated region; BCL2L11, B-cell lymphoma like 11; miR,
microRNA; Mut, mutant; NC, negative control; NS, not significant; WT, wild-type.

Results
miR-10a is downregulated and BCL2L11 is upregulated in A30P α-syn transgenic mice and
SH-SY5Y cells transfected with A30P α-syn
To study the effects of A30P α-syn on miR-10a
and BCL2L11 expression, SH-SY5Y cells were
transfected with a plasmid overexpressing
A30P α-syn (pcDNA3.1-HA-A30P α-syn). Following transfection, the expression levels of total
α-syn protein were elevated in the cells transfected with the A30P α-syn plasmid compared
with cells transfected with the vector control
(Figure 1A). RT-qPCR was performed to determine the expression levels of miR-10a in SHSY5Y cells transfected with A30P α-syn and in
male PD-associated A30P α-syn transgenic
mice. A reduction of miR-10a expression was
observed in SH-SY5Y cells transfected with
A30P α-syn (Figure 1B). Consistent with a previous study [17], the present results demonstrated that the expression level of miR-10a was
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miR-10a suppresses A30P
α-syn aggregation and
toxicity

To investigate whether transfection with miR-10a attenuated the formation of αsyn aggregates, immunocytochemistry was performed
using an anti-α-syn antibody (Figure 2A-E). Upregulation of miR-10a expression in A30P α-syn-transfected cells inhibited the formation of α-syn
aggregates; however, downregulation of miR10a by inhibitor transfection enhanced the formation of α-syn aggregates (Figure 2F and 2G).
Cell proliferation was assessed by MTT assay.
Transfection with A30P α-syn overexpression
vector decreased cell viability by ~38% compared with the empty vector control group,
whereas the cell viability was significantly
increased in the A30P α-syn + miR-10a mimics
group compared with the A30P α-syn + miR-NC
group and the miR-10a inhibitors group (Figure
2H). In addition, LDH assays were conducted to
examine the protective role of miR-10 against
A30P α-syn-induced toxicity (Figure 2I). The
release of LDH by SH-SY5Y cells co-transfected
with A30P α-syn and miR-10a mimics was
lower compared with the miR-NC group and the
miR-10a inhibitors group. Both MTT and LDH
assay results demonstrated that miR-10a overexpression reduced the toxicity of A30P α-syn
in SH-SY5Y cells.
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Figure 5. Effect of BCL2L11 knockdown on A30P α-syn aggregation and toxicity in SH-SY5Y cells. (A) The inhibitory
effect of si-BCL2L11 on the expression of BCL2L11 proteins was confirmed by Western blotting. (B) Cell viability
and (C) cytotoxicity were evaluated 48 h post-transfection with A30P α-syn and si-BCL2L11 by MTT and LDH assays,
respectively. (D) α-syn-positive aggregates in every 100 cells were counted. (E) Percentage of cells with α-syn aggregates. (F) Western blotting was conducted to measure the expression levels of BCL2, BAX, and cleaved caspase-3
in SH-SY5Y cells co-transfected with A30P α-syn and si-BCL2L11. Data are presented as the mean ± standard deviation (n=3); *P<0.05, **P<0.01 and ***P<0.001. α-syn, α-synuclein; BAX, BCL-2-associated X protein; BCL2, B-cell
lymphoma-2; BCL2L11, B-cell lymphoma like 11; LDH, lactate dehydrogenase; si, small interfering RNA.

miR-10a suppresses the intrinsic apoptosis
pathway
To further investigate the roles of miR-10a in
A30P α-syn-induced neural apoptosis, SH-SY5Y
cells were co-transfected with A30P α-syn overexpression vector and miR-10a mimics. Western blotting was performed to determine the
expression levels of apoptosis-associated proteins, including BAX, cleaved caspase-3, and
BCL2 (Figure 3). BAX and cleaved caspase-3
expression were significantly reduced, whereas
BCL-2 expression was significantly increased in
the miR-10a + A30P α-syn group compared
with the miR-NC + A30P α-syn group.
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BCL2L11 is a direct target of miR-10a
By using TargetScan software (www.targetscan.
org), BCL2L11 was predicted to be a putative
target of miR-10a. The putative miR-10a target
site in BCL2L11-WT 3’-UTR region and the modified binding sequence in BCL2L11-Mut 3’-UTR
are provided in Figure 4A. Results obtained
from Western blotting revealed that the protein
expression levels of BCL2L11 were significantly
decreased in cells transfected with miR-10a
mimics compared with expression in the miRNC group (Figure 4B). BCL2L11 mRNA expression was also significantly reduced by miR-10a
mimics compared with the miR-NC group (FiInt J Clin Exp Pathol 2018;11(2):624-633
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gure 4C). To test whether BCL2L11 was directly
targeted and regulated by miR-10a, 293T cells
were co-transfected with a luciferase reporter
containing either the BCL2L11-WT 3’-UTR or
the BCL2L11-Mut 3’-UTR and either miR-10a
mimics or miR-NC. miR-10a overexpression
reduced the luciferase activity of the reporter
gene containing the BCL2L11-WT 3’-UTR, but
no significant alterations were indicated in the
BCL2L11-Mut group (Figure 4D). Therefore,
miR-10a may directly target the 3’-UTR of BCL2L11 and may be associated with cell death
induced by α-syn neurotoxicity.
Downregulation of BCL2L11 inhibits α-syn aggregation and toxicity
In order to test whether BCL2L11 was involved
in the inhibitory effects of miR-10a on α-syn
aggregation and cytotoxicity, siRNAs were used
to knock down endogenous BCL2L11 expression in SH-SY5Y cells. The expression level of
the BCL2L11 protein in the si-BCL2L11 group
was reduced compared with that in the si-NC
group (Figure 5A). Furthermore, the results of
MTT and LDH assays suggested that knockdown of BCL2L11 attenuated α-syn toxicity
(Figure 5B and 5C). The number of α-syn aggregates per 100 cells and the percent of cells
with α-syn aggregates were decreased in the
si-BCL2L11 + A30P α-syn group compared with
the si-NC + A30P α-syn group (Figure 5D and
5E). A decrease in the expression levels of proapoptotic proteins BAX and cleaved caspase-3
and an increase in the expression level of antiapoptotic protein BCL2 were observed in the
si-BCL2L11 + A30P α-syn group compared with
the si-NC + A30P α-syn group (Figure 5F). These results suggest that BCL2L11 may be a vital
mediator in miR-10a-mediated suppression of
α-syn aggregation and toxicity in SH-SY5Y cells.
Discussion
α-syn has been demonstrated to be involved in
the pathogenesis of PD [2]. WT α-syn is selectively degraded by the chaperone-mediated
autophagy pathway, but pathogenic mutants
A53T α-syn and A30P α-syn block this degradation pathway by binding to lysosome-associated membrane protein type-2A, which results in
excessive accumulation of toxic α-syn proteins
[21]. A30P α-syn aggregation has been reported to impair the stability and reduce the survival rate of adult-born dopaminergic neurons
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in the olfactory bulb [22]. Results from the
present study demonstrate that the expression
of miR-10a is decreased in SH-SY5Y cells transfected with A30P α-syn overexpression vector
and in the midbrain of A30P α-syn transgenic
mice. It was also demonstrated that miR-10a
inhibited the expression of BCL2L11 by binding
to the 3’-UTR of BCL2L11 mRNA. In addition,
the inhibition of BCL2L11 mRNA expression
reduced A30P α-syn-induced toxicity in SHSY5Y cells. To the best of our knowledge, the
present study identified, for the first time, the
potential neuroprotective role of the miR-10a/
BCL2L11 signaling in an in vitro model of PD.
miRNAs are abundantly expressed in the central nervous system and serve a vital role in
neuronal biology. To date, miRNAs have been
demonstrated to be involved in neuronal development, memory, synaptic plasticity, neurogenesis, and neuronal degeneration [23, 24]. In
MPTP-induced cells and mouse models of PD,
the expression levels of miR-7 were reduced
[25]. miR-7 represses α-syn expression by targeting the 3’-UTR of α-syn mRNA and thereby
protects cells against oxidative stress [25]. In
SH-SY5Y cells exposed to 1-methyl-4-phenylpyridinium, miR-7 exerts neuroprotective effects by suppressing mitochondrial fragmentation,
mitochondrial depolarization, cytochrome c release, the generation of reactive oxygen species (ROS), and the release of mitochondrial
calcium [26]. miR-34b and miR-34c, both of
which have been reported to be downregulated
in the brains of patients with of PD, repress
α-syn expression, whereas the inhibition of
miR-34b and miR-34c enhances α-syn expression and promotes the formation of α-syn
aggregates [27]. A previous study revealed that
miR-10a expression was upregulated in PD
cerebrospinal fluid exosomes compared with
the expression in healthy controls [28]. A previous study reported that miR-10a is downregulated in a mouse model of PD [18]. Therefore,
the present study focused on the roles of miR10a in the pathobiology of PD. RT-qPCR results
revealed that the expression levels of miR-10a
were decreased in the midbrain of A30P α-syn
transgenic mice and in SH-SY5Y cells overexpressing A30P α-syn. In addition, it was demonstrated that miR-10a attenuated α-syn aggregation and toxicity through suppression of
BCL2L11 expression in SH-SY5Y cells. In addition, the A30P α-syn-induced upregulation of

Int J Clin Exp Pathol 2018;11(2):624-633

miR-10a inhibits A30P α-synuclein aggregation and toxicity by BCL2L11
BAX, cleaved caspase-3 expression, and downregulation of BCL2 expression were reversed by
miR-10a mimics in vitro.
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In conclusion, the results of the present study
suggest that BCL2L11 may serve a vital role in
the control of α-syn aggregation and cytotoxicity in vitro. miR-10a overexpression reduced
α-syn aggregation and cytotoxicity, at least partially, by inhibiting the expression of BCL2L11.
Identification of BCL2L11 as a target gene of
miR-10a in the present study may provide an
improved understanding of underlying molecular mechanisms of miR-10a-mediated neuroprotective function, which may be a potential
drug target for treating PD.
Acknowledgements
This work was supported by The Key Scientific
Research Project Fund of Henan Provincial
Education Department (grant no. 14B320019),
The Key Scientific Research Project Fund of
Science and Technology Department of Henan
Province (grant no. 142300410368) and The
International Cooperation Project Fund of
Science and Technology Department of Henan
Province (grant no. 152102410025).
632

None.

References
[1]

da Silva FC, Iop RD, Vietta GG, Kair DA, Gutierres Filho PJ, de Alvarenga JG, da Silva R. microRNAs involved in Parkinson’s disease: a
systematic review. Mol Med Rep 2016; 14:
4015-4022.
[2] Lotharius J, Brundin P. Pathogenesis of Parkinson’s disease: dopamine, vesicles and αsynuclein. Nat Rev Neurosci 2002; 3: 932942.
[3] Wang M, Kaufman RJ. Protein misfolding in the
endoplasmic reticulum as a conduit to human
disease. Nature 2016; 529: 326-335.
[4] Kruger R, Kuhn W, Muller T, Woitalla D, Graeber M, Kosel S, Przuntek H, Epplen JT, Schols
L, Riess O. AlaSOPro mutation in the gene encoding α-synuclein in Parkinson’s disease. Nat
Genet 1998; 18: 106-108.
[5] Lashuel HA, Overk CR, Oueslati A, Masliah E.
The many faces of α-synuclein: from structure
and toxicity to therapeutic target. Nat Rev Neurosci 2013; 14: 38-48.
[6] Lindström V, Fagerqvist T, Nordström E, Eriksson F, Lord A, Tucker S, Andersson J, Johannesson M, Schell H, Kahle PJ. Immunotherapy
targeting α-synuclein protofibrils reduced pathology in (Thy-1)-h [A30P] α-synuclein mice.
Neurobiol Dis 2014; 69: 134-143.
[7] O’Connor L, Strasser A, O’Reilly LA, Hausmann
G, Adams JM, Cory S, Huang DC. Bim: a novel
member of the Bcl-2 family that promotes
apoptosis. EMBO J 1998; 17: 384-395.
[8] Luo S, Rubinsztein DC. BCL2L11/BIM: a novel
molecular link between autophagy and apoptosis. Autophagy 2013; 9: 104-105.
[9] Putcha GV, Moulder KL, Golden JP, Bouillet P,
Adams JA, Strasser A, Johnson EM. Induction
of BIM, a proapoptotic BH3-only BCL-2 family
member, is critical for neuronal apoptosis.
Neuron 2001; 29: 615-628.
[10] Perier C, Bové J, Wu DC, Dehay B, Choi DK,
Jackson-Lewis V, Rathke-Hartlieb S, Bouillet P,
Strasser A, Schulz JB. Two molecular pathways
initiate mitochondria-dependent dopaminergic
neurodegeneration in experimental Parkinson’s disease. Proc Natl Acad Sci U S A 2007;
104: 8161-8166.
[11] Luo S, Garcia-Arencibia M, Zhao R, Puri C, Toh
PP, Sadiq O, Rubinsztein DC. Bim inhibits au-

Int J Clin Exp Pathol 2018;11(2):624-633

miR-10a inhibits A30P α-synuclein aggregation and toxicity by BCL2L11

[12]
[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

633

tophagy by recruiting Beclin 1 to microtubules.
Mol cell 2012; 47: 359-370.
Dai Y, Grant S. BCL2L11/Bim as a dual-agent
regulating autophagy and apoptosis in drug resistance. Autophagy 2015; 11: 416-418.
Bartel DP. MicroRNAs: target recognition and
regulatory functions. Cell 2009; 136: 215233.
Hajjari SN, Mehdizadeh M, Sadigheteghad S,
Shanehbandi D, Teimourian S, Baradaran B.
Secretases-related miRNAs in Alzheimer’s disease: new approach for biomarker discovery.
Neurol Sci 2017; 38: 1921-1926.
Alvarez-Erviti L, Seow Y, Schapira AH, Rodriguez-Oroz MC, Obeso JA, Cooper J. Influence of
microRNA deregulation on chaperone-mediated autophagy and α-synuclein pathology in
Parkinson’s disease. Cell Death Dis 2013; 4:
e545.
Kim W, Lee Y, McKenna ND, Yi M, Simunovic F,
Wang Y, Kong B, Rooney RJ, Seo H, Stephens
RM. miR-126 contributes to Parkinson’s disease by dysregulating the insulin-like growth
factor/phosphoinositide 3-kinase signaling.
Neurobiol Aging 2014; 35: 1712-1721.
Liu X, Dong C, Jiang Z, Wu WK, Chan MT, Zhang
J, Li H, Qin K, Sun X. MicroRNA-10b downregulation mediates acute rejection of renal allografts by derepressing BCL2L11. Exp Cell
Res 2015; 333: 155-163.
Gillardon F, Mack M, Rist W, Schnack C, Lenter
M, Hildebrandt T, Hengerer B. MicroRNA and
proteome expression profiling in early-symptomatic α-synuclein (A30P)-transgenic mice.
Proteomics Clin Appl 2008; 2: 697-705.
Xie H, Hu L, Li G. SH-SY5Y human neuroblastoma cell line: in vitro cell model of dopaminergic neurons in Parkinson’s disease. Chin Med
J 2010; 123: 1086-1092.
Livak KJ, Schmittgen TD. Analysis of relative
gene expression data using real-time quantitative PCR and the 2(-Delta Delta C(T)) method.
Methods 2001; 25: 402-408.
Cuervo AM, Stefanis L, Fredenburg R, Lansbury PT, Sulzer D. Impaired degradation of mutant α-synuclein by chaperone-mediated autophagy. Science 2004; 305: 1292-1295.
Neuner J, Filser S, Michalakis S, Biel M, Herms
J. A30P α-synuclein interferes with the stable
integration of adult-born neurons into the olfactory network. Sci Rep 2014; 4: 3931.

[23] Bhinge A, Namboori SC, Bithell A, Soldati C,
Buckley NJ, Stanton LW. MiR-375 is essential
for human spinal motor neuron development
and may be involved in motor neuron degeneration. Stem Cells 2016; 34: 124-134.
[24] Liu N, Landreh M, Cao K, Abe M, Hendriks GJ,
Kennerdell JR, Zhu Y, Wang LS, Bonini NM. The
microRNA miR-34 modulates ageing and neurodegeneration in drosophila. Nature 2012;
482: 519-523.
[25] Junn E, Lee KW, Jeong BS, Chan TW, Im JY,
Mouradian MM. Repression of α-synuclein expression and toxicity by microRNA-7. Proc Natl
Acad Sci U S A 2009; 106: 13052-13057.
[26] Chaudhuri AD, Choi DC, Kabaria S, Tran A, Junn
E. MicroRNA-7 regulates the function of mitochondrial permeability transition pore by targeting VDAC1. J Biol Chem 2016; 291: 64836493.
[27] Kabaria S, Choi DC, Chaudhuri AD, Mouradian
MM, Junn E. Inhibition of miR-34b and miR34c enhances α-synuclein expression in Parkinson’s disease. FEBS Lett 2015; 589: 319325.
[28] Gui YX, Liu H, Zhang LS, Lv W, Hu XY. Altered
microRNA profiles in cerebrospinal fluid exosome in Parkinson disease and Alzheimer disease. Oncotarget 2015; 6: 37043-37053.
[29] Whitfield J, Neame SJ, Paquet L, Bernard O,
Ham J. Dominant-negative c-Jun promotes
neuronal survival by reducing BIM expression
and inhibiting mitochondrial cytochrome c release. Neuron 2001; 29: 629-643.
[30] Hagenbuchner J, Kuznetsov A, Hermann M,
Hausott B, Obexer P, Ausserlechner MJ. FOXO3induced reactive oxygen species are regulated
by BCL2L11 (Bim) and SESN3. J Cell Sci 2012;
125: 1191-1203.
[31] Wei N, Xiao L, Xue R, Zhang D, Zhou J, Ren H,
Guo S, Xu J. MicroRNA-9 mediates the cell
apoptosis by targeting Bcl2l11 in ischemic
stroke. Mol Neurobiol 2016; 53: 6809-6817.
[32] Sionov RV, Vlahopoulos SA, Granot Z. Regulation of Bim in health and disease. Oncotarget
2015; 6: 23058-23134.

Int J Clin Exp Pathol 2018;11(2):624-633

