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Abstract: The important roles of miR-124 in the development and progression of various diseases are being increas-
ing recognized. This study was aimed to investigate the potential roles of miR-124 in dopaminergic (DA) neuronal 
apoptosis and autophagy in Parkinson’s disease (PD) and to explore their mechanisms. Human SH-SY5Y cells that 
are treated with MPTP were transfected with mature miR-124 vector and control empty vector. The effect of MPTP 
on miR-124 mRNA level was analyzed using RT-PCR analysis. Furthermore, the effects of miR-124 expression on 
neuronal apoptosis and autophagy, as well as the expression of proteins in the AMPK/mTOR pathway, were analyzed 
using RT-PCR and western blotting. This study found that miR-124 was down-regulated in the MPTP-treated (100 
μM) neurons, and miR-124 suppression significantly increased cell apoptosis and induced autophagy-associated 
protein expression, including that of Beclin 1 and increased the ratio of LC3 II/LC3 I compared with that in controls. 
In addition, in vitro rescue of miR-124 significantly decreased the percentage of apoptotic cells and the ratio of LC3 
II/LC3 I, findings that were approximately equal to the controls. Moreover, miR-124 suppression increased p-AMPK 
but decreased p-mTOR levels in neurons. Our study suggested that miR-124 functions as a protector of DA neurons 
during PD through the involvement of cell apoptosis and autophagy by regulating the AMPK/mTOR pathway.
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Introduction

Parkinson’s disease (PD) is a degenerative dis-
ease of the nervous system that occurs fre-
quently among the elderly, and has become the 
second largest killer of the elderly, ranking only 
second to Alzheimer’s disease (AD) [1]. Sta- 
tistics has shown that the morbidity for PD is 
high and with a younger trend in recent years 
[2]. Although treatment methods including 
drugs and surgery have produced certain 
effects on attenuating the symptoms of PD, 
controlling PD development and progression 
remains challenging due to its complicated 
pathogenesis, which also places a huge eco-
nomic burden on society and patients’ families 
[3]. Previous evidence has shown that progres-

sive lesions of the dopaminergic neurons in the 
midbrain are the major pathological features of 
PD [4]. Loss of DA neurons within the substan-
tia nigra pars compacta of the basal ganglia is 
the visible sign of PD [5]. Activated microglia 
inflicts huge injury to nerve cells, and massive 
apoptosis of DA nerve cells is observed in the 
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine 
(MPTP)-induced mouse PD model [6]. Therefore, 
strategies focused on explaining the pathogen-
ic mechanism at the molecular level may pro-
vide an effective cure for PD. 

microRNAs (miRNAs) are endogenous 20- to 
22- nt in length and are highly conserved non-
coding RNAs, that function in a variety of bio-
logical processes at the transcriptional or post-
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transcriptional level through targeting the 
3’UTR of genes [7]. Increasing evidence has 
demonstrated that various of miRNAs are 
involved in the progression and biology of neu-
rodegeneration [8-10]. For example, miR-7 pro-
tects nerve cells from damage caused by α-Syn 
(SNCA)-induced proteins by targeting the 3’UTR 
of SNCA [11], and miR-133b expression is 
abnormal in case of PD with missing dopami-
nergic neurons (DN) and regulates the homolo-
gous structure domain transcription factor 3 
(Pitx3) [12]. In recent years, studies have shown 
that miR-124 is overexpressed in the brain 
compared with other organs [13-15]. For exam-
ple, miR-124 is abundant in the brain in case of 
PD, and the down-regulation of miR-124 may 
provide a therapeutic target for MPTP-induced 
PD in mice [16]. In addition, Wang et al reported 
that miR-124 could regulate MPTP-induced PD 
nerve cell apoptosis and autophagy by target-

ing Bim [17]. Although several researches have 
investigated the role and mechanism of miR-
124 in PD, few have reported the mechanism of 
miR-124 in regulating PD nerve cell apoptosis 
and autophagy by regulating the AMPK/mTOR 
pathway.

In the current study, we investigated the poten-
tial effects of miR-124 expression on the apop-
tosis and autophagy of PD DA cells and on the 
AMPK/mTOR pathway which were induced by 
MPTP using SH-SY5Y cells and siRNA-mediated 
gene silencing. Comprehensive experimental 
methods were used to assess the effects of 
miR-124 suppression on AMPK/mTOR pathway 
related protein expression. This study was 
aimed to investigate the possible effects of 
miR-124 on DA cell apoptosis and autophagy 
and to elucidate its potential mechanism of 
action.

Material and methods

Cell lines

Human neuroblastoma SH-SY5Y and SK-N-SH 
cell lines were cultured in DMEM (Dulbecco’s 
Modified Eagle Medium) solutions supplement-
ed with 10% fetal bovine serum (FBS) and 100 
U/mL penicillin (Sigma-Aldrich, St Louis, MO, 
USA) in an atmosphere of 5% CO2 at 37°C. For 
the PD model construction, cells were incubat-
ed with MPTP at different concentration, as 
indicated, and then harvested at the indicated 
time points for further analysis.

Cell transfection

The miRNA vectors including miR-124 mimic, 
miR-124 negative, miR-124 inhibitor, and miR-
124 inhibitor control were purchased from 
Ambion (Foster City, CA, USA). Cells transfected 
with miR-124 negative or miR-124 inhibitor 
control vectors are the control for cells trans-
fected with miR-124 mimic or miR-124 inhibi-
tor, respectively. Cell transfections were con-
ducted based on the Lipofection 2000 
protocol. 

Apoptosis assay

Cell apoptosis was performed using Annexin 
V-Cy5 and propidium iodide (PI) staining and 
analyzed by flow cytometry [18]. Briefly, after 
being transfected with siRNA or a control vector 
for 24 h, cells were harvested and washed 3 

Table 1. Primers used for targets amplification in 
this study
Target Primer Sequence (5’-3’)
GAPDH Sense GGGTGGAGCCAAACGGGTC

Anti-sense GGAGTTGCTGTTGAAGTCGCA
Beclin 1 Sense CTGGACACGAGTTTCAAGATCCTG

Anti-sense GGGCATGGTAGCACACAGACCTC
LC3 Sense GGAAGAATGACAGATGAC

Anti-sense CTTTCAATCTGTTGGCTG
miR-124 GCGAGGATCTGTGAATGCCAAA
U6 GCTTCGGCAGCACATATACTAAAAT

Figure 1. Influence of MPTP on miR-124 expression in 
dopaminergic nerve (DA) cells. The DA neurons were 
treated with different concentration of MPTP, and 
compared with the controls (0 μM of MPTP), expres-
sion of miR-124 was significantly decreased in MPTP-
treated (100 μM) DA cells. *P<0.05, **P<0.01, com-
pared with the control (0 μM of MPTP).
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times with PBS buffer. Subsequently, cells were 
pelleted and resuspended in 5 μL Annexin 
V-binding buffer containing Annexin V-Cy5 
(1:1000) and 5 μL PI at room temperature for 
10 min. Then cells were analyzed using an FACS 
Calibur flow cytometer (Becton-Dickinson, CA, 
USA). Annexin V-positive and PI-negative cells 
were considered to be apoptotic.

Real-time PCR

Total RNA was extracted from cells using TRIzol 
Reagent (Invitrogen) as previously described 
[19]. The isolate RNA was treated with RNase-
free DNase I (Promega Biotech, USA), and the 
concentration and purity of the isolated RNA 
were detected using SMA 400 UV-VIS (Merinton, 
Shanghai, China). cDNA was synthesized using 
the reverse transcriptase PrimerScript 1st 
Strand cDNA Synthesis Kit (Invitrogen, USA). 
Expressions for targets were detected using 
SYBR ExScript RT-qPCR Kit (Takara, China). 
Phosphoglyceraldehyde dehydrogenase (GAP- 
DH) was chosen as the internal control. The 
primers used for targets amplification are 
shown in Table 1.

Western blotting analysis

Cells cultured for 48 h were lapped with RIPA 
(radioimmunoprecipitation, Sangon Biotech, 
China) lysate containing PMSF (phenylmeth-

anesufonyl fluoride, Sigma, USA), and then 
were centrifuged at 12,000 rpm for 10 min at 
4°C. Supertanant was collected for the protein 
concentrations were determined using a BCA 
protein assay kit (Pierce, Rochford, IL). Proteins 
were separated on a 10% sodium dodecylsul-
fate-polyacrylamide gel electrophoresis (SDS-
PAGE), followed by transferred onto a Polyviny- 
lidencefluoride (PVDF) membrane (Mippore) 
[20]. Membrane was blocked in Tris Buffered 
Saline Tween (TBST) containing 5% non-fat milk 
for 1 h at room temperature, and then incubat-
ed with rabbit anti-human antibodies (Beclin 1, 
LC3 II and LC3 I, 1:100 dilution, Invitrogen) 
overnight at 4°C. Subsequently, membrane 
was incubated with a horseradish-peroxidase 
labeled goat anti-rat secondary antibody 
(1:1000 dilution) for 1 h at room temperature. 
Finally, PVDF membrane was washed with 
1×TBST buffer for 10 min with 3 times. De- 
tection was conducted using the development 
of X-ray film after chromogenic substrate with 
an enhanced chemiluminescence (ECL) meth-
od. GAPDH served as the internal control.

Statistical analysis

All of the experiments were conducted indepen-
dently 3 times. The data were expressed as the 
mean ± SD. Statistical analyses were perfor- 
med using graph prism 5.0 software (GraphPad 

Figure 2. miR-124 expression was correlated with cell autophagy 
in DA cells. A: miR-124 suppression could significantly increase 
the relative expression of Beclin 1; B: miR-124 suppression sig-
nificantly increased the ratio of LC3 II/LC3 I in DA cells compared 
to that in controls. C: Western blot analysis about the protein 
expressions of Beclin 1, LC3 II and LC3 I in DA cells. *P<0.05, 
**P<0.01, compared with the control (0 μM MPTP); #P<0.05, 
compared with the inhibitor contro.
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Prism, San Diego, CA). Significant differences in 
the data of the two groups were analyzed using 

LC3 II/LC3 I ratio was significantly increased by 
miR-124 suppression in the MPTP group com-

Figure 3. Effects of miR-124 suppression on DA cell apoptosis. When miR-124 
was significantly suppressed in MPTP-treated (100 μM) neurons, the percent-
age of apoptotic DA cells was increased (15.5%) compared to the controls 
(6.2%). Besides, when miR-124 expression was suppressed by an inhibitor, 
percentage of apoptotic DA cells was increased (12.2%) than that in negative 
control (5.01%). *P<0.05, compared with the control (0 μM MPTP); #P<0.05; 
compared with the inhibitor control.

Student’s t test. The P<0.05 
was considered to be statis-
tically significant.

Results

miR-124 expression in DA 
cells

To assess the influence of 
MPTP on miR-124 expres-
sion in DA cells, the mRNA 
expression of miR-124 in DA 
cells was analyzed using 
RT-PCR (Figure 1). miR-124 
expression was significantly 
suppressed by 100 μM 
(P<0.05) and 200 μM MPTP 
(P<0.01) compared to that 
in controls. Interestingly, the 
results showed that 50 μM 
MPTP slightly, but not signifi-
cantly, suppressed miR-124 
expression in DA cells.

miR-124 suppression 
increased cell autophagy-
related protein expression

Because LC3 II is a marker 
for the autophagosome, as 
is the autophagy gene Be- 
clin 1, the protein levels of 
LC3 II and Beclin 1 repre-
sent the level of autophago-
some activity [21, 22]. To 
determine whether miR-124 
expression was correlated 
with cell autophagy, the au- 
tophagy related-protein ex- 
pression was assessed usi- 
ng western blotting (Figure 
2). The relative expression 
of Beclin 1 was significantly 
increased by miR-124 sup-
pression in the MPTP group 
compared with the control 
(P<0.05, Figure 2A), but its 
expression was significantly 
increased by miR-124 inhibi-
tor compared to the nega-
tive control (P<0.05, Figure 
2A and 2C). In addition, the 
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pared with the control group (P<0.01, Fi- 
gure 2B), but this ratio was also significantly 
increased by miR-124 inhibitor compared to 
the negative control, which elicited a slight 
decrease (P<0.05, Figure 2B and 2C).

miR-124 suppression was correlated with DA 
cell apoptosis

Further experiments were performed to identify 
whether miR-124 suppression was correlated 
with DA cell apoptosis (Figure 3). When miR-
124 was down-regulated in the MPTP-treated 
neurons, the percentage of apoptotic DA cells 

was significantly greater (approximately 15.5%) 
than that in the control (approximately 6.2%) 
(P<0.05). Additionally, a similar difference in 
the apoptotic DA cell percentage was observed 
between the negative (approximately 5.01%) 
and the miR-124 inhibitor group (approximately 
12.2%) (Figure 3A and 3B).

In vitro effect of miR-124 expression on DA cell 
autophagy and apoptosis 

To rescue the damage evoked by MPTP in DA 
cells, miR-124 was overexpressed in vitro (Fi- 
gure 4). Interestingly, the LC3 II/LC3 I ratio in 

Figure 4. Rescue experiments for miR-124 on DA neurons apoptosis and autophagy. A, B: mRNA and protein levels 
of ratio of LC3 II/LC3 I in neurons were significantly decreased when miR-124 was rescued in vitro; C, D: Percentage 
of apoptotic neurons was significantly decreased by miR-124 rescuing in vitro. Compared to the control (6.81%), 
the percentage of apoptotic cells was increased to 14.8% by MPTP treatment (miR-124 suppression), but declined 
to 5.28% when miR-124 was rescued (miR-124 mimic transfection) in vitro. **P<0.01, compared to the control (0 
μM MPTP).
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Figure 5. Influence of miR-124 expression on AMPK/mTOR pathway associated proteins expression. A: The p-AMPK 
was increased but p-mTOR was decreased by the suppressed miR-124 in MPTP-treated neurons than the control, 
the same tendency was observed between the negative and anti-miR-124 group; B: The application of AMPK inhibi-
tor, 1 μM compound C, decreased the p-AMPK level; C: When cells were treated with compound C, the percentage 
of apoptotic cells was slightly, but not significantly increased. *P<0.05, compared to the control cells (treated with 
0 μM MPTP), #P<0.05, compared to the inhibitor control.

Figure 6. Effects of miR-124 expression on cell apoptosis in in SK-N-SH cells. A: When SK-N-SH cells were treated 
with 100 μM MPTP, miR-124 expression was significantly deceased compared to that in control cells (0 μM MPTP), 
but was significantly increased by the miR-124 mimic transfection; B: The percentage of apoptotic SK-N-SH cells 
was significantly increased by the MPTP treatment (miR-124 suppression) compared with that in control cells (0 μM 
MPTP), similar results was found in cells treated with the miR-124 inhibitor. However, there was no significant dif-
ference for the apoptotic cell percentage between the miR-124 mimic group and the MPTP + miR-124 mimic group; 
C: The levels for p-AMPK, p-mTOR, AMPK, and mTOR in each were analyzed in each group. The MPTP treatment 
increased the p-AMPK expression but decreased the p-mTOR level in SK-N-SH cells, similar results were found in the 
miR-124 inhibitor group. *P<0.05 and **P<0.01, compared to the control cells (0 μM MPTP).
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the MPTP + negative control group was signifi-
cantly increased compared to that in the MPTP 
+ miR-124 group (P<0.01), indicating that miR-
124 overexpression could alleviate the damage 
induced by MPTP in DA cells (Figure 4A and 
4B). Furthermore, the percentage of apoptotic 
DA cells was significantly decreased by miR-
124 overexpression (from 15.7% to 5.28 %, P< 
0.01, Figure 4C and 4D), suggesting that miR-
124 overexpression could rescue the harmful 
influence of MPTP on DA cell apoptosis.

Effects of miR-124 suppression on the AMPK/
mTOR pathway 

When miR-124 expression was significantly 
inhibited by MPTP treatment in DA cells, phos-
phorylated (p)-AMPK level was significantly 
increased, whereas p-mTOR expression was 
significantly decreased in MPTP group com-
pared to that in the control group (Figure 5A). 
Additionally, similar differences in p-MAPK and 
p-mTOR expressions were observed between 
the negative and the miR-124 inhibitor group. 
Besides, to further determine whether AMPK or 
mTOR expression could block the effects of 
MPTP on cell apoptosis, the experiment of 
AMPK inhibitor group on cell apoptosis should 
be conducted. Compound C has been reported 
to be an inhibitor for AMPK by blocking the 
phosphorylation process [23, 24], we therefore 
choose compound C as the AMPK inhibitor to 
analyze whether AMPK and mTOR could block 
the MPTP-induced (miR-124 down-regulation) 
effects on cell apoptosis. Figure 5B showed 
that the p-AMPK level was decreased by the 
inhibitor of compound C application. In addi-
tion, compared to that in control cells, 1 μM 
compound C slightly but not significantly, 
increased the percentage of apoptotic cells 
(Figure 5C), the application of AMPK inhibitor 
suggesting that AMPK expression showed no 
significant influence on apoptosis affected by 
the miR-124 regulation (MPTP-induced). Taken 
together, these results suggested the promote 
effect of miR-124 down-regulation in SH-SY5Y 
cells.

Effects of miR-124 expression on cell apopto-
sis in SK-N-SH cells

To further determine the effects of miR-124 
suppression on DA cell apoptosis and to reveal 
its potential mechanism, another PD cell line of 
SK-N-SH was used to assess the miR-124 
expression on cell apoptosis (Figure 6). The 

treatment on SK-N-SH cells was similar to that 
on SH-SY5Y cells. Similar to that in SH-SY5Y 
cells, miR-124 expression was down-regulated 
in the MPTP-treated SK-N-SH cells (Figures 6A 
and 4A). Accordingly, the influence of miR-124 
expression on SK-N-SH cell apoptosis was also 
similar to that in SH-SY5Y cells (Figures 6B and 
5C). Additionally, the effects of the overex-
pressed miR-124 on AMPK/mTOR pathway-
related protein expression in SK-N-SH cells was 
also as the same as that in SH-SY5Y cells 
(Figures 6C and 5A). These data might be the 
validation on confirming our investigated 
results about the miR-124 expression on DA 
cell apoptosis on another angle.

Discussion

Increasing evidence has demonstrated that 
miRNAs play pivotal roles in neuron biology and 
miR-124 is abundantly expressed in neurons 
and during CNS development [25, 26]. To date, 
miR-124 alterations have been reported to be 
involved in a variety of diseases such as can-
cers, embryonic CNS development, and medul-
loblastoma [27, 28]. Besides, miR-124 expres-
sion is down-regulated in neurons from the 
MPTP-induced PD [16]. On the other hand, pre-
vious review reported that there are various 
kinds of cell models for the PD research [29]. 
For example, the non-neuronal tumor PC12 cell 
line [30], the neuronal tumor SK-N-SH and 
SH-SY5Y cell lines [31], and the original genera-
tion of brain cells. Hence, based on the former 
theoretical basis, PC12 cell line has been wide-
ly used for the research of neuron functions 
including differentiation, apoptosis, the neu-
rotransmitter secretion, and the potential mo- 
lecular mechanism, whereas the SH-SY5Y cell 
line has been widely used as the dopaminergic 
neuron cell model in the research of PD, as well 
as the SK-N-SH cell line. Additionally, there are 
several methods for the construction of PD cell 
model, such as the permanent DA depletion 
model induced by neurotoxicity including MPTP, 
OHDA (6-hydroxy dopamine) [32], and MA 
(methamphetamine) [33] 4-methylenedioxyme- 
thamphetamine (MDMA, and the reversible 
drug model including reserpine and rotenone. 
Taken together, we choose the two kinds of 
human neuroblastoma SH-SY5Y and SK-N-SH 
cell lines and treated them with the MPTP to 
construct the PD cell model. In this study, we 
analyzed the role of miR-124 expression in DA 
SH-SY5Y cells treated with MPTP. In agreement 
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with previous data, our results showed that 
miR-124 was down-regulated in the MPTP-
treated SH-SY5Y [17]. Moreover, our data show- 
ed that miR-124 suppression significantly in- 
creased cell apoptosis and autophagy-related 
proteins expression, but these effects were 
reversed by miR-124 rescue in vitro. In addi-
tion, miR-124 suppression significantly increa- 
sed AMPK/mTOR pathway-related protein ex- 
pression, including that of p-AMPK and p-mTOR.

When MPTP enters the brain through penetrat-
ing the blood-brain barrier, it can be catalyzed 
into MPDP+ by MAO-B and then transformed to 
MPP+ via spontaneous oxidation, leading to its 
high affinity for the dopamine transporter (DAT) 
in DA neurons [34]. The entered of MPP+ causes 
extensive damage to DA neurons by blocking 
ATP synthesis in mitochondria or destroying the 
normal cell metabolism [35]. Previous evidence 
has shown that the brain-abundant miR-124 
may play significant roles in PD, and its expres-
sion can be suppressed by MPTP in MPP+-
induced PD mouse model. In this study, miR-
124 was down-regulated in MPTP-treated SH- 
SY5Y cells, and high dose of MPTP (from 100 
μM to 200 μM) presented excellent suppres-
sion of miR-124 expression, suggesting a cor-
relation between miR-124 expression and PD; 
and the MPTP-induced miR-124 suppressed in 
SH-SY5Y cells may be similar to that in the pre-
viously described the MPP+ mouse model. 

Accordingly, we investigated the effects of miR-
124 suppression on DA neurons apoptosis and 
autophagy in SH-SY5Y cells, which were treat-
ed with 100 μM MPTP. Beclin 1, a mammalian 
orthologue of yeast Atg6, plays a central role in 
cell autophagy, a process of programmed cell 
survival [36], while LC3, a microtubule-associ-
ated protein 1 light chain 3, Atg8, which local-
izes on the autophagosome membrane, is 
another autophagy marker [21]. Soluble LC3 
(LC3 I) can be converted to the autophagic ves-
icle-associated form (LC3 II) during autophago-
some formation; thus, the ratio of LC3 II/LC3 I 
is an vital marker for autophagy [21]. Cell 
autophagy together with apoptosis are the nec-
essary types of programmed cell death in cell 
survival in PD [37, 38]. Beclin 1 mediates au- 
tophagy in the neurodegenerative pathology of 
PD [39], while LC3 involves in PD autophagy 
through binding externalized cardiolipin on 
injured mitochondria [40], indicating the symbi-
otic roles of Beclin 1 and LC3 in PD autophagy. 
The associations between miR-124 and auto- 

phagy has not been fully discussed. However, 
Frankel et al proved that miR-124 may regulate 
autophagy through targeting 52 target genes 
including Beclin 1 [41]. In this study, when miR-
124 was down-regulated in MPTP-treated SH- 
SY5Y cells, both Beclin 1 and the ratio of LC3 II/
LC3 I ratio were significantly increased com-
pared with that in the controls, indicating that 
miR-124 suppression may play a role in induc-
ing autophagy in DA neurons autophagy. How- 
ever, our data showed that the percentage of 
SH-SY5Y cell apoptosis was significantly in- 
creased by miR-124 suppression compared to 
the control, indicating that miR-124 suppres-
sion may play an accelerating role in PD devel-
opment via induction of cell apoptosis. Mo- 
reover, we performed rescue experiments to 
verify the effects of miR-124 suppression on 
neurons apoptosis and autophagy in reverse. 
Our results revealed that when miR-124 expres-
sion was rescued in vitro, the percentage of cell 
apoptosis and the ratio of LC3 II/LC3 I were 
both significantly decreased to the original lev-
els which were approximately to that in controls 
(Figure 4), suggesting that neurons apoptosis 
and autophagy could be affected by miR-124 
suppression.

Subsequently, p-AMPK protein levels were 
markedly increased, while p-mTOR protein lev-
els were significantly decreased when miR-124 
expression was suppressed in neurons (Figure 
5). AMPK is an important receptor that helps 
cells recognize the changes in energy regula-
tion while mTOR functions as a vital signaling 
complex in many cellular processes; the roles 
of AMPK and mTOR in autophagy has become 
the hot spot in recent years [42]. Both mTOR 
and AMPK in autophagy and apoptosis have 
significant roles in tumors progression, such as 
AMPK induced apoptosis and autophagy in 
breast cancer or during myocardial ischemia 
[43, 44]. In addition, the activated p-AMPK and 
p-mTOR have been suggested to participate in 
neurons differentiation and anti-oxidative st- 
ress [45]. Basgupta et al proved that the 
p-AMPK level was increased by resveratrol in 
neurons protection [46]. Besides, increasing 
p-AMPK activation would induce colon cell 
apoptosis through suppressing p-mTOR in 
colon cancer [47]. On the other side, Ikeda et al 
used 2 μM compound C to analyze the effects 
of heparin cofactor II on angiogenesis by the 
activated-AMPK signal pathway [23]. Therefore, 
we used the AMPK inhibitor, 1 μM compound C, 
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to analyze the effects of AMPK on the MPTP-
induced DA cell apoptosis and our results sh- 
owed that compound C application decreased 
the p-AMPK level and the apoptotic cells were 
also increased (Figure 5), implying the influ-
ence of AMPK on MPTP-induced cell apoptosis 
on the opposite side. In addition, we further 
analyzed the potential effects of miR-124 
expression on another DA cell line of SK-N-SH. 
Our results revealed that miR-124 suppression 
induced DA cell apoptosis, and increased the 
levels of p-AMPK and p-mTOR, which is similar 
to the results observed in SH-SY5Y cells (Figure 
6). Based on our results, we speculated that 
miR-124 suppression may induce neurons apo- 
ptosis and autophagy through activating the 
p-AMPK pathway and then resulted in the inhi-
bition of the mTOR signaling in PD. 

In conclusion, the data presented herein sug-
gest that miR-124 suppression increases neu-
ronal apoptosis and autophagy by regulating 
the AMPK/mTOR signaling pathway in PD. miR-
124 is down-regulated in MPTP-treated PD 
cells, and the inhibition of miR-124 increases 
neurons apoptosis and autophagy, as well as 
the Beclin 1 and the LC3 II/LC3 I ratio. The 
mechanisms underlined in our study may pro-
vide a theoretical basis for the possible appli-
cation of miR-124 in neuronal protection in PD. 
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