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Abstract: Parkinson’s disease (PD) is a common neurodegenerative disease. Various microRNAs (miRNAs) have 
been reported to play important roles in cell growth regulation and inflammatory reaction. However, the detailed 
roles of miR-217 and miR-138-5p in PD progression remain to be investigated. In the present study, we explored 
the effects and underlying mechanisms of miR-217 and miR-138-5p on the inflammatory response, oxidative stress 
and the induction of neuronal apoptosis in an in vitro PD cell line model induced by 1-methyl-4-phenylpyridinium 
(MPP+). The results of the biological software analysis and luciferase reporter assays demonstrated that sirtuin 1 
(SIRT1) was a direct target of miR-217 and miR-138-5p. MiR-217 and miR-138-5p exhibited a negative regulatory 
effect on the expression of SIRT1 in SH-SY5Y cells. In addition, the expression levels of miR-217 and miR-138-5p 
were increased, and SIRT1 expression was decreased in SH-SY5Y cells following MPP+ treatment. Loss-of-function 
experiments indicated that treatment of the cells with inhibitors against miR-217 and miR-138-5p promoted cell 
viability and superoxide dismutase (SOD) activity, while the induction of cell apoptosis, lactate dehydrogenase (LDH) 
activity, and the reactive oxygen species (ROS) release were inhibited in MPP+-induced SH-SY5Y cells. Moreover, 
the expression levels of tumor necrosis factor-α (TNF-α) and interleukin-1β (IL-1β) were reduced in MPP+-induced 
SH-SY5Y cells. Treatment of the cells with the miR-217 and the miR-138-5p inhibitors significantly inhibited the ratio 
of phosphorylated (p)-p65/p65 expression levels in MPP+-induced SH-SY5Y cells. In summary, the present study 
demonstrated that the miR-217/miR-138-5p/SIRT1 axis was involved in the progression of PD by regulating the in-
flammatory response and the induction of oxidative stress and neuronal apoptosis. The data provide new diagnostic 
and therapeutic strategies for PD patients.
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Introduction

Parkinson’s disease (PD) is known as the sec-
ond most common neurodegenerative disease 
that usually occurs in the elderly [1-3]. This dis-
ease is caused due to the loss of neurons in the 
substantia nigra pars compacta (SNpc) [1-3]. 
The characteristic manifestations of PD include 
resting tremor, muscle stiffness, gait and pos-
ture disorders and bradykinesia [4-6]. At pres-
ent, the pathogenesis of this disease is still not 
fully understood, although aging, oxidative 
stress, inflammation and apoptosis are exam-
ined as major pathogenic factors [7, 8].

MicroRNAs (miRNAs) are a group of small non-
coding RNAs that are 20-22 nucleotides long 

and regulate target gene expression by binding 
to the 3’-untranslated region (3’-UTR) of mRNAs 
[9]. A previous study has shown that miRNAs 
participate in a variety of pathological process-
es through multiple pathways [10]. MiR-217 
and miR-138-5p are two well-known miRNAs 
that play vital roles in cell growth regulation and 
the induction of the inflammatory response [11-
13]. However, a limited number of reports have 
been conducted on the roles of miR-217 and 
miR-138-5p in PD. In addition, previous studies 
have shown that SIRT1 is downregulated in PD 
patients and that it ameliorates neuronal apop-
tosis induced by oxidative stress in PD [14, 15]. 
Moreover, SIRT1 plays an important role in the 
inflammatory response and the induction of oxi-
dative stress [16, 17]. These results suggested 
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that miR-217 and miR-138-5p may play impor-
tant roles in PD by regulating SIRT1 expres- 
sion.

In the present study, we investigated whether 
the miR-217/138-5p axis participated in the 
regulation of the inflammatory response, the 
induction of oxidative stress and the induction 
of neuronal apoptosis by directly targeting 
SIRT1. The study further aimed to discover 
whether this miRNA axis could affect the occur-
rence and development of PD in order to pro-
vide new strategies for the diagnosis and treat-
ment of this disease. 

Materials and methods

Cell culture

Human neuroblastoma SH-SY5Y cells were pur-
chased from the American Type Culture Co- 
llection (ATCC, Manassas, VA, USA). The cells 
were maintained in Dulbecco’s modified Eagle 
medium (DMEM) medium (Gibco, Grand Island, 
NY, USA) supplemented with 10% fetal bovine 
serum (FBS, Gibco), 1% penicillin/streptomy-
cinin and incubated at 37°C in a humidified 
atmosphere containing 5% CO2.

MiRNA target analysis and dual-luciferase re-
porter assay

The association between SIRT1 and miR-217/
miR-138-5p was identified by TargetScan 
Release 7.1 (www.targetscan.org/vert_71). In 
order to investigate the interaction of miR-217 
and SIRT1, the wild-type (WT) 3’-UTR and 
mutated-type (MUT) 3’-UTR sequences of 
SIRT1 were cloned into a miR RB ReportTM 
dual luciferase reporter gene plasmid vector 
(Guangzhou RiboBio Co., Ltd., Guangzhou, 
China). Moreover, the QuikChange Site-Directed 
Mutagenesis Kit (Stratagene, San Diego, CA) 
was used according to the manufacturer’s 
instructions that allowed successful point-
mutation of the miR-217 binding domain on the 
3’UTR of SIRT1. The mimic control or miR-217 
mimic sequences were co-transfected with the 
WT-SIRT1 or MUT-SIRT1 into SH-SY5Y cells for 
48 h by Lipofectamine 2000 reagent (Invitrogen, 
USA). Luciferase activity was analyzed by the 
dual luciferase reporter assay system (Pro- 
mega, USA) according to the manufacturer’s 
instructions.

Establishment of PD cell model in vitro

To explore the expression levels of miR-217, 
miR-138-5p and SIRT1 in the PD cell model, 
SH-SY5Y cells were treated with 0, 0.25, 0.5, 1 
or 2 mM MPP+ (Sigma, St. Louis, MO, USA) for 
24 h, or exposed to 1 mM MPP+ for 0, 6, 12, 24 
or 48 h.

Cell transfection assay

SH-SY5Y cells were seeded at a concentration 
of 5 × 104 cells/ml in 6-well plates and incu-
bated overnight. The miR-217 and miR-138-5p 
inhibitors were used to downregulate miR-217 
and miR-138-5p expression in SH-SY5Y cells 
using an inhibitor-control as the negative con-
trol. SIRT1-siRNA was used for SIRT1 downregu-
lation. A negative control control-siRNA was 
also used. The sequences were as follows: con-
trol of miR-217 inhibitor (inhibitor control; 
5’-GCCUCCGGCUUCGCACCUCU-3’; GenePhar- 
ma, Shanghai, China), miR-217 inhibitor (inhibi-
tor; 5’-UACUGCAUCAGGAACUGAUUGGA-3’; Ge- 
nePharma, Shanghai, China), control-siRNA 
(cat. no. sc-36869; Santa Cruz Biotechnology, 
Inc.) or SIRT1-siRNA (cat. no. sc-40986; Santa 
Cruz Biotechnology, Inc.), control of miR-138-
5p inhibitor (inhibitor control-2; 5’-CAGUACU- 
UUUGUGUAGUACAA-3’; GenePharma, Shang- 
hai, China), miR-138-5p inhibitor (inhibitor-2; 
5’-CGGCCUGATTCACAACACCAGCT-3’; GenePh- 
arma, Shanghai, China). The following treat-
ment groups were used: miR-217 inhibitor (in- 
hibitor) + control-siRNA, miR-217 inhibitor (inhi- 
bitor) + SIRT1-siRNA, miR-138-5p inhibitor (in- 
hibitor-2) + control-siRNA and ormiR-138-5p 
inhibitor (inhibitor-2) + SIRT1-siRNA. The sequ- 
ences were transfected into SH-SY5Y cells 
using Lipofectamine 2000 reagent (Invitrogen, 
USA). Following 48 h of cell culture at 37°C, the 
cells were collected to detect the transfection 
efficiency using qRT-PCR or cultured further in 
the presence of 1 mM MPP+ for 24 h. 

RNA extraction and quantitative real-time PCR 
(qRT-PCR)

Total cellular RNA was isolated using the TRIzol 
reagent (Invitrogen, USA) from SH-SY5Y cells 
and reverse transcribed into first strand cDNA 
using the cDNA Synthesis Kit (Invitrogen) 
according to the manufacturer’s instructions. 
The relative expression levels of miR-217, miR-
138-5p and SIRT1 mRNA were quantified by a 
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Prism 7000 Real-Time PCR system using Pow- 
er SYBR Green Master mix (Vazyme, Piscata- 
way, NJ, USA) according to the manufacturer’s 
instructions. The primers were provided by 
Sangon Biotech (Shanghai, China), and primer 
sequences were listed as following: SIRT1, for-
ward 5’-AATCCAGTCATTAAAGGTCTACAA-3’; rev- 
erse 5’-TAGGACCATTACTGCCAGAGG-3’; U6, for-
ward 5’-GCTTCGGCAGCACATATACTAAAAT-3’; re- 
verse 5’-CGCTTCACGAATTTGCGTGTCAT-3’; GA- 
PDH, forward 5’-CTTTGGTATCGTGGAAGGACTC- 
3’; reverse 5’-GTAGAGGCAGGGATGATGTTCT-3’; 
miR-217, forward 5’-TACTGCATCAGGAACTGAC- 
TGGA-3’; reverse 5’-GTGCAGGGTCCGAGGT-3’; 
miR-138-5p, forward 5’-GCGAGCTGGTGTTGTG- 
AATC 3’ reverse 5’ AGTGCAGGGTCCGAGGTATT 
3’. The amplification conditions were as follows: 
35 cycles of denaturation at 94°C for 60 sec, 
annealing at 60°C for 60 sec, and chain exten-
sion at 72°C for 1 min, followed by a final exten-
sion step at 72°C for 10 min. GAPDH and U6 
were used as the internal control genes. The 
relative expression levels of miR-217, miR-138-
5p and SIRT1 mRNA were calculated by the 
2-ΔΔCt method [18]. 

3-(4,5-dimethylthiazol-2-yl)-2,5-dipheyltetrazoli-
um bromide (MTT) assay

SH-SY5Y cells were seeded into 96-well plates 
in triplicate and incubated overnight. Subse- 
quently, the culture medium was removed and 
the cells were treated with 1 mM MPP+ follow-
ing cell transfection at 37°C. The cells were 
incubated with 10 μl MTT solution (Beyotime, 
Shanghai, China) for 4 h. Subsequently, 100 μl 
dimethyl sulfoxide (DMSO) was added into each 
well to solubilize the formazan product after the 
solution was removed. Detection was achieved 
by monitoring the absorbance at 490 nm by a 
micro-plate reader (Bio-Rad, Hercules, CA, 
USA). The relative cell viability was normalized 
to that of the control group using optical densi-
ty values. 

Apoptosis analysis

The detection of cell apoptosis was performed 
by flow cytometry (FCM). SH-SY5Y cells were 
seeded into 6-well plates overnight, and col-
lected by trypsinization following treatment. 
The cells were washed once with PBS and sub-
sequently resuspended in 1 × binding buffer. A 
total of 100 µl cell suspension was transferred 

to a 5 ml tube and mixed with 5 μl fluorescein 
isothiocyanate (FITC)-Annexin V and 5 μl prop-
idium iodide (PI) (BD Biosciences, San Diego, 
CA) respectively, according to the manufactur-
er’s specifications. The induction of cell apopto-
sis was analyzed by a FACSCalibur flow cytom-
eter (BD Biosciences, USA) within one hour and 
the data were analyzed using the FlowJo soft-
ware (version 7.6.1; FlowJo LLC).

Lactate dehydrogenase (LDH) release assay

LDH was used as an indicator of estimated cell 
death. SH-SY5Y cells were cultured with 1 mM 
MPP+ for 24 h and the activity of LDH released 
into the culture medium was detected with a 
lactate dehydrogenase assay kit (Jiancheng 
Bioengineering Institute, China) according to 
the manufacturer’s instructions. The absor-
bance at 490 nm was recorded using a micro-
plate reader (Bio-Rad, Hercules, CA, USA).

ELISA

SH-SY5Y cells were treated with MPP+ for 24 h, 
harvested and centrifuged in order to detect 
TNF-α and IL-1β expression levels using an 
ELISA kit (BioLegend, Inc., CA, USA) according 
to the manufacturer’s protocol. The absorbance 
was measured at 450 nm using a micro-plate 
reader (Bio-Rad, Hercules, CA, USA).

Measurement of intracellular reactive oxygen 
species (ROS) levels 

The intracellular ROS levels were quantified by 
the oxidation-sensitive fluorescent probe 2’, 
7’-dichlorodihydrofluorescein diacetate (DCFH-
DA). Briefly, the treated cells were incubated 
with 10 μM DCFH-DA (Sigma) at 37°C in the 
dark for 45 min. The fluorescence intensity was 
quantified with a fluorescence micro-plate 
reader (Labsystems Oy, Helsinki, Finland) using 
an excitation wavelength of 485 nm and an 
emission wavelength of 530 nm.

Detection of superoxide dismutase (SOD) ac-
tivity

SH-SY5Y cells were collected and dissolved 
using a cell lysis buffer (Beyotime, Shanghai, 
China). The SOD activity assay kit (Jiancheng 
Bioengineering Institute, China) was used to 
determine the activity of SOD following the 
manufacturer’s instructions.
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Western blot analysis

Following transfection and cell culture for 48  
h, SH-SY5Y cells were treated with 1 mM MPP+ 
for 24 h, washed twice with cold PBS and imme-
diately lysed with RIPA buffer (Beyotime, 
Shanghai, China). The lysis products were cen-
trifuged at 12,000 rpm for 15 min at 4°C in 
order to obtain the total protein levels, which 
were quantified by a bicinchoninic acid (BCA) 
protein kit (Pierce, USA). Equal amounts of pro-
tein were subjected to polyacrylamide gel elec-
trophoresis (PAGE) using a 12% sodium dodec-
yl sulphate (SDS) gel and subsequently trans-
ferred to PVDF membranes. Following blocking 
with 5% nonfat milk for 1 h, the membranes 
were incubated with SIRT1 (1:1,000; cat. no. 
9475; Cell Signaling Technology, Inc., Danvers, 
MA, USA), p-p65 (1:1,000; cat. no. 3033; Cell 
Signaling Technology, Inc.), p65 (1:1,000; cat. 
no. 8242; Cell Signaling Technology, Inc.) or 
GAPDH (1:1,000; cat. no. 5174; Cell Signaling 
Technology, Inc.) anti-bodies, respectively over-
night at 4°C. The following morning, the mem-
branes were washed 3 times in PBST and incu-
bated with the horseradish peroxidase-conju-
gated goat anti-rabbit immunoglobulin G sec-
ondary antibody (1:2,000; cat. no. 7074; Cell 
Signaling Technology, Inc.) for 1 h at 37°C. The 
protein bands were visualized using the ECL 
luminescent substrate (Pierce) according to the 

manufacturer’s instructions. The experiments 
were repeated the experiment for 3 times at 
least.

Statistical analysis

The data were presented as the mean ± stan-
dard deviation (SD) of at least three indepen-
dent experiments. Statistical analysis was per-
formed using the SPSS 18.0 software package 
(SPSS Inc, USA). The differences between two 
groups were determined using Student’s t-test, 
whereas one-way analysis of variance with a 
Bonferroni post hoc test was used to analyze 
the differences between multiple groups. A 
p-value lower than 0.05 (P < 0.05) was consid-
ered for significant differences.

Results

SIRT1 is a target of miR-217/miR-138-5p

To study the molecular mechanisms of miR-217 
and miR-138-5p in PD, the association between 
SIRT1 and miR-217/miR-138-5p was examined. 
TargetScan results indicated the binding sites 
between SIRT1 and miR-217/miR-138-5p 
(Figure 1A, 1B). In addition, a luciferase report-
er assay was performed in SH-SY5Y cells in 
order to confirm the predicted binding sites of 
miR-217 or mR-138-5p on the 3’-UTR sequence 
of SIRT1. The data indicated that treatment 

Figure 1. miR-217/miR-138-5p directly targeted SIRT1. A and B. The predicted miR-217/miR-138-5p binding sites 
in the 3’UTR of SIRT1. C and D. Dual-luciferase reporter assay was used to reveal the relationship between miR-217/
miR-138-5p and SIRT1. **P < 0.01 vs. mimic control.
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with miR-217/miR-138-5p mimic markedly 
reduced the luciferase activity of SIRT1 wild-
type 3’-UTR, whereas it exhibited no effect on 
SIRT1 3’UTR mut-type compared with that 
noted in the control group (Figure 1C, 1D). 
These results indicated that SIRT1 was a direct 
target of miR-217/miR-138-5p. 

MPP+ treatment to SH-SY5Y cells causes an 
increase in the expression levels of miR-217/
miR-138-5p and a decrease in the expression 
levels of SIRT1

To study the roles of miR-217/miR-138-5p and 
SIRT1 in PD, miR-217/miR-138-5p and SIRT1 

Figure 2. Expression of miR-217/miR-138-5p/SIRT1 in MPP+-induced SH-SY5Y cells. The expression of miR-217 (A), 
miR-138-5p (C) and SIRT1 (E) mRNA levels were analyzed by qRT-PCR in SH-SY5Y cells treated with different doses 
of MPP+ for 24 h. The expression of miR-217 (B), miR-138-5p (D) and SIRT1 (F) mRNA levels were also determined 
by qRT-PCR in SH-SY5Y cells cultured with 1 mM MPP+ for different times. *, **P < 0.05, 0.01 vs. 0 mM/0 h MPP+ 
treatment group.
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expression levels were detected by qRT-PCR in 
SH-SY5Y cells, which were treated with differ-
ent concentrations of MPP+ (0, 0.25, 0.5, 1,  
or 2 mM) or exposed to 1 mM MPP+ at different 
time points (0, 6, 12, 24 or 48 h). The results 
indicated that the levels of miR-217 (Figure  
2A, 2B) and miR-138-5p (Figure 2A, 2B) were 
significantly increased in a dose-dependent 
and time-dependent manner. Conversely, the 
expression levels of SIRT1 were decreased with 
increasing concentration and time of MPP+ 
treatment in SH-SY5Y cells (Figure 2E, 2F).

Downregulation of miR-217 induces SIRT1 ac-
cumulation in SH-SY5Y cells

In order to explore the contribution of miR-217 
and SIRT1 to the development of PD, three ini-
tial groups, namely inhibitor control, miR-217 
inhibitor, control-siRNA or SIRT1-siRNA were 
prepared by transfection of the corresponding 

sequences into SH-SY5Y cells. Following trans-
fection, the cells were divided into six groups as 
follows: inhibitor control group, miR-217 inhibi-
tor group, control-siRNA group, SIRT1-siRNA 
group, miR-217 inhibitor and control-siRNA co-
transfection group and miR-217 inhibitor and 
SIRT1-siRNA co-transfection group. The trans-
fection efficiency was evaluated by the qRT-
PCR assay. The expression levels of miR-217 
were dramatically decreased in SH-SY5Y cells 
containing the miR-217 inhibitor (Figure 3A). 
Moreover, the mRNA levels of SIRT1 were mark-
edly reduced in SH-SY5Y cells in the SIRT1-
siRNA group compared with those of the con-
trol group (Figure 3B). In comparison with the 
control group, the miR-217 inhibitor significant-
ly increased the expression levels of SIRT1 in 
SH-SY5Y cells (Figure 3C and 3D). This effect 
was abolished by SIRT1-siRNA treatment 
(Figure 3C and 3D).

Figure 3. Effects of miR-217 down-regulation on expression of SIRT1 in SH-SY5Y cells. A. The level of miR-217 in 
SH-SY5Y cells was detected by qRT-PCR. B and C. The mRNA level of SIRT1 in treated SH-SY5Y cells was detected 
by qRT-PCR assay. D. The protein level of SIRT1 in treated SH-SY5Y cells was detected by western blot assay. **P < 
0.01 vs. Control; ##P < 0.01 vs. inhibitor.
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Figure 4. Effects of miR-217 inhibition 
on MPP+-induced SH-SY5Y cell viabil-
ity and apoptosis. A. The cell viability in 
SH-SY5Y cells following treatments was 
measured by MTT assay. B and C. Flow 
cytometry analysis was used to deter-
mine apoptotic rate of treated SH-SY5Y 
cells. D. LDH release assay was applied 
to detect LDH activity of treated SH-SY5Y 
cells. *, **P < 0.05, 0.01 vs. Control; #, 
## P < 0.05, 0.01 vs. MMP+ treatment 
alone group; &, && P < 0.05, 0.01 vs. 
MMP+ treatment combined with miR-
217 inhibitor transfection group.
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MiR-217 inhibition influences the inflammatory 
response and the induction of oxidative stress 
and neuronal apoptosis in MPP+-induced 

SHSY5Y cells

MiR-217 was transfected into SH-SY5Y cells 
that were cultured with 1 mM MPP+ for 24 h in 
order to establish the in vitro PD model. MTT 
assays demonstrated that cell viability was 
considerably reduced due to MPP+ treatment 
compared with that noted in the control group. 
In addition, treatment of the cells with the miR-
217 inhibitor significantly increased their cell 
viability compared with that of the MPP+-treated 
group, while this effect was eliminated by co-
transfection with SIRT1-siRNA (Figure 4A). The 
cell apoptotic rate was detected by flow cytom-
etry analysis. The results demonstrated that 
MPP+ induced apoptosis compared with the 
control group. Co-transfection with SIRT1-siRNA 
significantly reversed the inhibition of cell ap- 
optosis induced by the miR-217 inhibitor in 
SH-SY5Y cells compared with the control group 
(Figure 4B, 4C). Furthermore, the integrity and 
necrosis of the cell membrane was evaluated 
by the LDH activity assay. As shown in Figure 
4D, MPP+ treatment led to a significant increase 
in LDH activity, while SIRT1-siRNA markedly 
reduced the inhibitory effect of the miR-217 
inhibitor on the LDH activity of SH-SY5Y cells. In 
addition, the induction of inflammation was 
evaluated in an in vitro PD cell model by ELISA 
following the reduction in the levels of miR-217. 
The results indicated that MPP+ treatment sig-
nificantly increased the expression levels of 
TNF-α and IL-1β, while miR-217 inhibitor treat-
ment significantly decreased TNF-α and IL-1β 
expression levels (Figure 5A and 5B). This 
decrease was reversed by SIRT1-siRNA treat-
ment (Figure 5A and 5B). The release of ROS 
and the induction of SOD activity were assessed 
following miR-217 inhibition in the in vitro PD 
model. MPP+ caused a dramatic reduction in 
ROS levels and reduced SOD activity compared 
with that of the control group. The miR-217 
inhibitor decreased ROS levels and increased 
SOD activity compared with that of the MPP+ 
treatment group. Nevertheless, the effect of 
the miR-217 inhibitor on SH-SY5Y cells was 
reversed in the presence of the miR-217 inhibi-
tor and the SIRT1-siRNA co-transfection group 
(Figure 5C and 5D). Moreover, the protein 
expression levels of p-p65 and p65 were 
detected by western blotting in order to explore 

the influence of miR-217 on the NF-κB pathway 
in SH-SY5Y cells. The results indicated that 
MPP+ treatment significantly upregulated the 
ratio of p-p65/p65 compared with that of the 
control group. Downregulation of miR-217 
resulted in a significant reduction of the p-p65/
p65 ratio. This effect was eliminated by co-
transfection of SH-SY5Y cells with the miR-217 
inhibitor and the SIRT1-siRNA sequence (Figure 
5E).

miR-138-5p inhibition upregulates SIRT1 ex-
pression levels in SH-SY5Y cells

To evaluate whether miR-138-5p interfered 
with SIRT1 expression in vitro, SH-SY5Y cells 
were transfected with inhibitor control (inhibitor 
control-2), miR-138-5p inhibitor (inhibitor-2), 
control-siRNA or SIRT1-siRNA for 48 h. As 
shown in Figure 6A, the levels of miR-138-5p in 
the miR-138-5p inhibitor group were signifi-
cantly lower than those of the control group. 
MiR-138-5p downregulation increased SIRT1 
expression in SH-SY5Y cells compared with 
those of the control group, while co-transfec-
tion with SIRT1-siRNA reversed this effect 
(Figure 6B and 6C). All these data indicated 
that miR-138-5p inhibition improved SIRT1 
expression.

Inhibition of miR-138-5p reduces the levels of 
the inflammatory markers and the induction 
of oxidative stress and neuronal apoptosis in 
MPP+-treated SHSY5Y cells

SH-SY5Y cells were transfected with inhibitor 
control (inhibitor control-2), miR-138-5p inhibi-
tor (inhibitor-2), inhibitor-2 + control-siRNA, or 
inhibitor-2 + SIRT1-siRNA sequences for 48 h 
and subsequently exposed to 1 mM MPP+ for 
24 h. Cell viability and apoptotic rate of SH-SY5Y 
cells were assessed by the MTT assay and by 
flow cytometry analysis, respectively. MPP+ 
treatment significantly reduced cell viability 
and induced apoptosis in SH-SY5Y cells com-
pared with the corresponding activities of the 
control group (Figure 6D-F). In contrast to MPP+ 
treatment, the viability of SH-SY5Y cells that 
were cultured with the miR-138-5p inhibitor 
was increased, whereas the apoptotic rate was 
markedly reduced. These effects were attenu-
ated by co-transfection with SIRT1-siRNA. In 
addition, the results of the LDH release assay 
demonstrated that LDH activity of SH-SY5Y 
cells in the MPP+ treatment group exhibited a 
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significant increase compared with that of the 
control group. In contrast to these findings, 
downregulation of miR-138-5p reduced LDH 
activity levels in SH-SY5Y cells and this effect 
was markedly inhibited by transfection of the 
cells with the SIRT1-siRNA sequence (Figure 
6G). In addition, ELISA was used to detect 
TNF-α and IL-1β expression in the in vitro PD 
cell model. As presented in Figure 7A and 7B, 

the expression levels of the inflammatory fac-
tors TNF α and IL-1β were significantly upregu-
lated in the PD cell model compared with those 
of the control group. Furthermore, inhibition of 
miR-138-5p significantly attenuated the expres-
sion levels of TNF-α and IL-1β compared with 
those of the MPP+ treatment group, while this 
effect was reversed by application of SIRT1-
siRNA to the cells. MPP+ treatment distinctly 

Figure 5. Effects of miR-217 inhibition on inflamma-
tory response and oxidative stress in MPP+-induced 
SH-SY5Y. A and B. The levels of TNF-α and IL-1β in 
treated SH-SY5Y cells were measured by ELISA. C 
and D. The intracellular level of ROS release and SOD 
activity. E. The protein expression of p-p65 and p65 
in treated SH-SY5Y cells was detected by Western 
blot assay and the ratio of p-p65/p65 was calculated 
and presented. **P < 0.01 vs. Control; ##P < 0.01 
vs. MMP+ treatment alone group; &, &&P < 0.05, 
0.01 vs. MMP+ treatment combined with miR-217 
inhibitor transfection group.
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Figure 6. Effects of miR-138-5p inhibition on MPP+-induced SH-SY5Y cell viability and apoptosis. A. qRT-PCR assay was used to detect the relative level of miR-138-
5p in SH-SY5Y cells. B and C. The mRNA and protein level of SIRT1 in SH-SY5Y cells following transfection was detected by qRT-PCR and western blot assay. D. The 
cell viability of treated SH-SY5Y cells was determined by MTT assay. E and F. The apoptotic rate of treated SH-SY5Y cells was measured by flow cytometry analysis. 
G. LDH release assay was used to detect LDH activity of treated SH-SY5Y cells. **P < 0.01 vs. Control; ##P < 0.01 vs. MMP+ treatment alone group; &, &&P < 0.05, 
0.01 vs. MMP+ treatment combined with miR-138-5p inhibitor transfection group.
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increased ROS levels and decreased SOD activ-
ity in SH-SY5Y cells compared with those of the 
control group. The miR-138-5p inhibitor signifi-
cantly decreased ROS levels and increased 
SOD activity compared with that of the MPP+ 
treatment group (Figure 7C and 7D). These 
effects were abolished by SIRT1-siRNA treat-
ment (Figure 7C and 7D). Furthermore, we iden-
tified that treatment of the cells with MPP+ 
caused a significant rise in the ratio of p-p65/
p65 levels in SH-SY5Y cells compared with 

those of the control group, whereas the ratio of 
the p-p65/p65 levels in the miR-138-5p inhibi-
tor group was considerably lower than that of 
the MPP+ treatment group. This effect was 
reversed in the SIRT1-siRNA group (Figure 7E).

Discussion

SIRT1 is a member of the Sirtuin family and has 
been shown to possess low expression in PD 
patients [19]. SIRT1 exhibits neuroprotective 

Figure 7. Effects of miR-138-5p inhibition on in-
flammatory response and oxidative stress in MPP+-
induced SH-SY5Y. A and B. The levels of TNF-α and 
IL-1β in treated SH-SY5Y cells were measured by 
ELISA. C and D. The intracellular level of ROS re-
lease and SOD activity. E. The protein expression 
of p-p65 and p65 in treated SH-SY5Y cells was 
detected by Western blot assay and the ratio of 
p-p65/p65 was calculated and presented. **P < 
0.01 vs. Control; ##P < 0.01 vs. MMP+ treatment 
alone group; &, &&P < 0.05, 0.01 vs. MMP+ treat-
ment combined with miR-138-5p inhibitor trans-
fection group.
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effects with regard to the development of PD 
[19]. Numerous studies have reported that 
miRNAs participate in the development of vari-
ous diseases by regulating the expression lev-
els of key factors involved in cell growth and 
apoptosis [20, 21]. However, the association 
between the expression levels of the miRNAs 
and the development of PD has not been fully 
elucidated. In addition, current treatment strat-
egies for PD have proven ineffective.

In the present study, the data confirmed that 
miR-217 and miR-138-5p directly targeted 
SIRT1 via the prediction analysis. The present 
study indicated that the expression levels of 
miR-217 and miR-138-5p were significantly 
increased following an increase in the concen-
tration levels of MPP+ and in the treatment peri-
od, which was in agreement with the results 
reported in the previous study. In addition, the 
effects of miR-217 and miR-138-5p were inves-
tigated on an in vitro PD cell model. The results 
demonstrated that the downregulation of the 
expression levels of miR-217 and miR-138-5p 
improved cell viability significantly and reduced 
the induction of apoptosis and the levels of 
LDH activity in MPP+-treated SH-SY5Y cells. The 
destruction of the cell membrane structure 
caused by apoptosis or necrosis results in the 
release of enzymes from the cytoplasm in the 
culture medium, including LDH which has rela-
tively stable enzyme activity [22]. LDH release 
is considered an important indicator of cell 
membrane integrity and is widely used for cyto-
toxicity testing. Furthermore, a previous study 
demonstrated that overexpression of the pro-
inflammatory factors could promote apoptosis 
and further aggravate PD [23]. In the present 
study, the relative pro-inflammatory factors, 
including IL-1β and TNFα were detected by 
ELISA and the protein expression levels of 
p-p65 were investigated by western blotting. 
The results indicated that downregulation of 
miR-217 and miR-138-5p led to the decrease 
of the expression levels of TNF-α, IL-1β in MPP+-
treated SH-SY5Y cells. Moreover, a decrease 
was noted in the p-p65/p65 ratio in this cell 
line model. We further observed that inhibition 
of miR-217 and miR-138-5p dramatically 
reduced ROS levels and improved SOD activi- 
ty in MPP+-treated SH-SY5Y cells, suggesting 
that miR-217/miR-138-5p inhibition restrained 
MPP+-induced oxidative stress. However, all the 
aforementioned effects caused by the inhibi-
tion of the miR-217/miR-138-5p axis were sig-

nificantly reversed in MPP+-treated SH SY5Y 
cells by SIRT1 silencing. These results indicat-
ed that miR-217/miR-138-5p modulated the 
inflammatory response and the induction of 
oxidative stress and neuronal apoptosis by tar-
geting SIRT1 in an in vitro PD cell model. 

In conclusion, we found that the miR-217/miR-
138-5p/SIRT1 axis participated in PD progres-
sion by regulating the inflammatory response 
and the induction of oxidative stress as well as 
the induction of neuronal apoptosis, suggest-
ing that the suppression of miR-217/miR-138-
5p may be a potential therapeutic treatment for 
PD. The present study provides a novel and 
promising molecular mechanism for PD diagno-
sis and therapy.
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