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Abstract: Increasing evidence points to oxidative stress as a chief mediator of Parkinson’s disease (PD) character-
ized by progressive loss of dopamine neurons in the pars compacta of the substantia nigra. At present, microRNAs 
(miRNAs) have been recognized as important regulators in oxidative stress. Furthermore, miRNAs were also in-
volved in the neuropathology of neurodegenerative disorders, including PD. In this study, we aimed to explore the 
influences of miR-153 and Nrf2 in oxidative stress during the development of PD. It was found that the expression of 
miR-13 and Nrf2 detected by qRT-PCR were significantly increased and decreased, respectively, in serum of PD pa-
tients and MPP+-induced SH-SY5Y cells. The target relationship between miR-153 and Nrf2 was determined by dual-
luciferase assay. Moreover, after transfecting with miR-153 mimics and inhibitor, the expressions of Nrf2 in mRNA 
and protein were down-regulated and up-regulated, respectively. The indexes of oxidative stress were examined by 
biochemical methods. The data revealed that miR-153 could facilitate oxidative stress by negatively regulating Nrf2 
in MPP+-treated SH-SY5Y cells. Finally, it was observed that miR-153 could suppress the Nrf2/HO-1 signaling path-
way in MPP+-treated SH-SY5Y cells. Therefore, these findings indicated that overexpression of miR-153 could pro-
mote oxidative stress in PD by targeting the Nrf2/HO-1 signaling pathway, possibly providing a new way to treat PD. 
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Introduction

Parkinson’s disease (PD) is a neurodegenera-
tive disorder characterized clinically by tremors, 
rigidity (muscle stiffness), akinesia (loss or 
impairment of voluntary movements), bradyki-
nesia (slowness of movement), poor balance, 
and difficulty in walking (Parkinsonian gait) [1]. 
In addition to the above-described motor symp-
toms, non-motor symptoms that include olfac-
tory dysfunction, rapid eye movement disorder 
(IRBD), behavior disorder, depression, as well 
as cognitive impairments, are pressing issues 
[2]. Moreover, the most typical pathologic fea-
tures of PD are degeneration of structure or 
function of dopaminergic neurons mainly locat-
ed in the pars compacta of the substantia 
nigra, which eventually causes the biochemical 
abnormality of low levels of dopamine and the 

generation of intraneuronal protein aggregates 
called Lewy bodies [3, 4]. Epidemiological sur-
vey revealed that approximately 1.0% of the 
population over the age of 60 suffered from PD 
around the world; meanwhile the number of 
new cases diagnosed is also gradually increas-
ing every year [5]. However, there is still no 
effective cure for PD [6]. Previous experimental 
observations from postmortem brain analyses 
suggested that excessive production of reac-
tive oxygen species (ROS) or reactive nitrogen 
species (RNS), which subsequently activated 
oxidative damage and mitochondrial dysfunc-
tion, play a central role in the neuropathology of 
PD [7, 8]. Furthermore, in addition to PD, sever-
al other neurodegenerative disorders, including 
Alzheimer’s disease (AD), Huntington’s disease 
(HD), and amyotrophic lateral sclerosis (ALS) 
are closely associated with oxidative stress 
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although there were a variety of distinct patho-
logic and clinical characteristics, implying that 
oxidative stress might be a dominant mecha-
nism contributing to neuronal degeneration  
[9, 10]. Therefore, neuroprotective antioxidant 
compounds were considered as a therapeutic 
strategy for inhibiting free radicals and oxida-
tive damage in the development of PD [6]. 

microRNAs (miRNAs) are a class of 21~24 
nucleotide long, single-stranded non-coding 
RNAs that regulate gene expression at the 
posttranscriptional level in a sequence-specific 
manner [11, 12]. Recent data reported that 
miRNAs were involved in the development of 
the central nervous system and in neurodegen-
eration [13, 14]. Therefore, it comes as no sur-
prise that aberrant expression of miRNAs con-
tributes to neurodevelopmental disorders and 
neurodegenerative diseases, including PD [15]. 
For example, miR-133b presented a decreased 
expression pattern in PD patients and physio-
logically targeted a transcription factor Pitx3 to 
regulate the development of dopaminergic neu-
rons which were the main affected neurons in 
PD [16]. Decreased levels of miR-34b and miR-
34c were observed in the frontal cortex, cere-
bellum and substantia nigra of PD brains, and 
they could indirectly reduce the expressions of 
both Parkin and DJ-1, as well as increase the 
rate of cell death [17, 18]. Thus, to further 
investigate the possible role of miRNAs in 
pathogenesis of PD might provide novel diag-
nostic, prognostic and therapeutic strategies.

Currently, miR-153 has been demonstrated as 
highly expressed in mouse brain tissue [19]. 
However, its role in brain tissue is still unknown. 
The nuclear factor-E2-related factor 2 (Nrf2), a 
transcription factor with a high sensitivity to  
oxidative stress, binds to antioxidant response 
element (ARE) in the nucleus and promotes the 
transcription of a wide variety of antioxidant 
genes [20]. Moreover, it has been revealed that 
oxidative stress involving changes in Nrf2 and 
endoplasmic reticulum (ER) stress may consti-
tute early events in AD pathogenesis, which 
provides a new strategy to study AD [21]. A prior 
study reported that miR-153 could negatively 
regulate Nrf2 in breast carcinogenesis [22]. 
Meanwhile, it also uncovered that the inhibition 
of miR-153 protected neurons against oxygen-
glucose deprivation and reoxygenation (OGD/
R)-induced injury by regulating Nrf2/heme oxy-
genase-1 (HO-1) signaling, which indicated that 

miR-153-mediated Nrf2/HO-1 pathway might 
be a therapeutic target for cerebral ischemia/
reperfusion injury [23]. Nevertheless, the eff- 
ects of miR-153 and Nrf2 on development of 
PD remain unclear. Hence, in this study, we 
aimed to investigate this problem.

Materials and methods

Ethical statement and tissue samples

The present study was approved by the Ethical 
Committee of The Seventh Affiliated Hospital of 
Sun Yat-sen University (Guangzhou, China). All 
patients provided written consent and were 
informed of the purposes of the study. About 5 
ml of fresh whole-blood specimen was obtained 
from 5 PD patients who have been made a defi-
nite diagnosis by 3 clinicians at least and 1 
health person between July 2016 and January 
2017. Subsequently, the serum was immedi-
ately segregated by 3000 rmp centrifugation 
for 10 min and stored at -80°C for following 
quantitative reverse transcription-polymerase 
chain reaction (qRT-PCR) examination.

Cell culture and reagents

Human dopaminergic neuroblastoma SH-SY5Y 
cells purchased from American Type Culture 
Collection (ATCC) cultured in complete culture 
medium containing RPMI-1640 (Gibco, USA) 
containing 10% fetal bovine serum (FBS; Gibco, 
USA) plus 2 mmol/L L-glutamine, 100 U/mL 
penicillin and 100 µg/mL streptomycin. The 
cells were incubated at 37°C in a humidified 
95% air and 5% CO2 atmosphere and passaged 
when the cells were grown to approximately 
80% confluent.

293T cells supplied from the Cell Bank Type 
Culture Collection of the Chinese Academy of 
Sciences (Shanghai, China) were cultivated in 
Dulbecco’s modified Eagle’s medium (DMEM; 
Gibco, USA). The medium was supplemented 
with 10% FBS. Penicillin/streptomycin was 
added to the medium at a concentration of 100 
IU/mL and applied to the cells, followed by incu-
bation in a humidified incubator set at 37°C 
with 5% CO2.

RNA isolation and qRT-PCR for miR-153 and 
Nrf2 analysis

The total RNA enrichment procedure from clini-
cal specimens and cell lines samples was firstly 
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extracted with a TRIzol Reagent (TIANGEN, 
China) according to the manufacturer’s guide-
lines. The concentration and purity of the iso-
lated RNA are assessed by optical density at 
260 nm and 280 nm, respectively, using a 
NanoDrop 2000 spectrophotometer (Thermo 
Fisher Scientific, USA). The isolated RNA was 
cleared of contaminating genomic DNA by 
DNase treatment (Thermo Fisher Scientific, 
USA) and then converted to complementary 
DNA (cDNA) with a RevertAid First Strand cDNA 
Synthesis kit (Thermo Fisher Scientific, USA). 
qPCR was performed to determine the expres-
sion of miR-153 and Nrf2 on an ABI PRISM® 
7500 Sequence Detection System (Applied 
Biosystems, USA) with their corresponding 
primers and the amplifications were achieved 
using a SYBR Green qPCR SuperMix Kit (Ther- 
mo Fisher Scientific, USA). The reactions were 
incubated in a 96-well optical plate at 95°C for 
2 min, followed by 40 cycles of 15 s at 95°C 
and 32 s at 60°C and dissociation at 95°C for 
60 s, 55°C for 30 s and 95°C for 30 s.

U6 snRNA and GAPDH were served as a nor-
malization control for miR-153 and Nrf2, res- 
pectively, and the 2-ΔΔCt method was used to 
evaluate relative expression. The primers used 
in the qRT-PCR experiments were as follows: 
miR-153 forward, 5’-ACACTCCAGCTGGGTTGC- 
ATAGTCACAA-3’ and reverse, 5’-CTCAACTGGTG- 
TCGTGGA-3’; U6 forward, 5’-CTCGCTTCGGCAG- 
CACA-3’ and reverse, 5’-AACGCTTCACGAATTTG- 
CGT-3’; Nrf2 forward, 5’-GTTGGAGCTGTTGATCT- 
GTTG-3’ and reverse, 5’-GTTTTTTCTGTTTTTCC- 
AGCTC-3’; GAPDH forward, 5’-GGGAAACTGTG- 
GCGTGAT-3’ and reverse, 5’-GAGTGGGTGTCG- 
CTGTTGA-3’.

MTT examination

Cell viability was usually evaluated using an 
MTT assay (Merck KGaA, Germany). In brief, 
SH-SY5Y cells were seeded into a 96-well tis-
sue culture plate at a density of 5×103 cells/
well. Once cells reached 80~90% confluence, 
they were incubated with different concentra-
tions of MMP+ (i.e., 0 mM, 0.5 mM, 1 mM, 2 mM 
and 4 mM). Following incubation for 0 h, 6 h, 12 
h, 18 h and 24 h at 37°C, cell proliferation was 
determined using fresh medium containing  
0.5 mg/ml MTT at 37°C for another 4 h. Then, 
dimethyl sulfoxide (DMSO; Sigma, USA) was 
added to each well to dissolve the blue forma-
zan products and the optical density (OD) was 

measured at an absorbance wavelength of 450 
nm on a scanning microplate spectrophotome-
ter (Thermo Fisher, USA). The experiments were 
performed in triplicate.

Dual-luciferase reporter assays

Wild-type (WT) or mutant (Mut) Nrf2 3’-UTR 
were amplified by PCR and cloned into a psi-
CHECK-2 plasmid (Promega, USA) with firefly 
luciferase. A total of 5×104 293T cells treated 
with control, miR-153 mimics, miR-153 inhibi-
tors negative control (NC) plasmid, or NC inhibi-
tor were transfected with WT or mutant Nrf2 
3’-UTR luciferase reporters together with 
Renilla plasmid. After approximately 48 h post-
transfection, the cells were lysed and lucifer-
ase activities were determined by Dual 
Luminescence Assay Kits (Promega, USA) 
according to the manufacturer’s protocols. The 
firefly luciferase activities were normalized to 
Renilla luciferase activities. The experiments in 
each group were repeated three times. 

Bio-chemistry methods

ROS level, MDA content, SOD activity and GSH 
activity were the indexes of oxidative stress. 
These related indexes all used their corre-
sponding commercial kits purchased from 
Nanjing Jiancheng Bioengineering Institute, 
China. The supernatants of all samples from 
different groups were utilized to examine the 
above indexes according to these respective 
instructions. 

WB detection

Three independent samples from each group 
were harvested and homogenized, and total 
protein was extracted using ice-cold radioim-
munoprecipitation assay (RIPA) lysis buffer 
(Beyotime, China) containing 50 mM Tris-HCl 
(pH 7.4), 150 mM NaCl, 1 mM EDTA, 1% Triton 
X-100, 0.5% sodium deoxycholate, 0.1% sodi-
um dodecyl sulfate (SDS), 100 mM phenyl-
methanesulfonyl fluoride (PMSF) and 10 μl pro-
tease inhibitor cocktail. After centrifugation at 
12000 rpm for 10 min at 4°C, the insoluble 
material was removed, and the total protein 
concentration in supernatant was measured 
with a BCA protein assay kit (Beyotime, China). 
Equal amounts of protein (30 μg) were sepa-
rated on an 8~15% discontinuous SDS-polya- 
crylamide gels for electrophoresis (SDS-PAGE) 
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and electrophoretically transferred to polyvi-
nylidene difluoride (PVDF) membranes at a  
constant current of 200 mA for 60 min. 
Following blocking the membrane with Tris-
buffered saline containing 0.05% Tween-20 
(TBST) containing 5% non-fat dry milk at room 
temperature for 1 h, the membranes were incu-
bated overnight at 4°C with primary antibodies 
against Nrf2 (1:1000 diluted; Abcam, USA), 
NQO1 (1:1500 diluted; Abcam, USA), GCLC 
(1:2000 diluted; Abcam, USA), GCLM (1:1000 
diluted; Abcam, USA), HO-1 (1:2000 diluted; 

Clinical significance of miR-153 and Nrf2 ex-
pressions in PD

We first examined the levels of miR-153 in 
serum samples of PD patients. The results 
showed that the miR-153 expression was signi- 
ficantly increased in PD patients as compared 
to healthy people (Figure 1A). Subsequently, 
the Nrf2 expression was also detected by qRT-
PCR which exhibited that the expression level 
of Nrf2 was notably decreased in PD patients 
when compared with health people (Figure 1B). 

Figure 1. qRT-PCR was used to examine the expression of miR-153 and 
Nrf2 in serum specimens of PD patients. A. miR-153 expression level was 
increased in PD patients. B. Nrf2 expression level was decreased in PD pa-
tients.

Figure 2. MPP+ treatment promotes cytotoxic effect and influences the ex-
pression of miR-153 and Nrf2 in SH-SY5Y cells. A. Neuronal viability was 
monitored by MTT assay in SH-SY5Y cells treated with various concentra-
tions (0~4 mM) of MPP+ for five time points (0 h, 6 h, 12 h, 18 h and 24 h). *P 
< 0.05. B. Expression of miR-153 was identified by qRT-PCR in SH-SY5Y cells 
with MPP+ treatment. *P < 0.05. C. Expression of Akt3 under MPP+ treatment 
was determined using qRT-PCR in SH-SY5Y cells. *P < 0.05.

Abcam, USA) and GAPDH (as 
an internal control, 1:5000 di- 
luted; Abcam, USA). Subsequ- 
ently, membranes were wash- 
ed with TBST extensively three 
times and probed with the  
corresponding anti-mouse or 
anti-rabbit horseradish pero- 
xidase-conjugated secondary 
antibodies (1:12000 diluted; 
Abmart, USA) for 1 hour at 
37°C. Finally, band signal 
strength was determined by 
enhanced chemiluminescen- 
ce reagents (Beyotime, China) 
and the densitometric analys- 
is was conducted with ImageJ 
software version 1.8 (National 
Institutes of Health, USA).

Statistical analysis

All statistical calculations we- 
re performed using SPSS 18.0 
software (IBM SPSS, USA). 
The values were expressed as 
the mean ± standard devia-
tion (SD) in the figures and a 
value of P < 0.05 or 0.01 was 
considered statistically signifi-
cant. Each experiment was re- 
peated ≥ 3 times. Differences 
in measured values between 
two groups were analyzed 
using the Chi-square test and 
among multiple groups were 
analyzed by analysis of vari-
ance with Bonferroni’s multi-
ple comparison correction. 

Results
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Therefore, these results suggested that the 
changes of miR-153 and Nrf2 expression have 
an important clinical significance in PD patients. 

Assessment of MPP+ treated cellular model

MTT assay found that the OD values represent-
ing cell viability were gradually decreased over 
time in different concentrations of MMP+ treat-
ment (Figure 2A). Furthermore, the OD values 
presented the lowest level in the 4 mM MPP+ 
treated group at 24 h, thus SH-SY5Y cells treat-
ed with MPP+ for 24 h was selected for follow-
ing study. In addition, as illustrated in Figure 2B 
and 2C, it was revealed that after giving MPP+ 
treatment, the miR-153 and Nrf2 expressions 
were dramatically up-regulated and down-regu-
lated, respectively. 

Nrf2 was a critical functional target of miR-
153

Based on the inverse correlation between miR-
153 and Nrf2 expressions, the potential target 
relationship of miR-153 and Nrf2 was validat-

ed. As expected, Nrf2 was predicted as one tar-
get of miR-153 determined by TargetScan and 
miRDB online software and the base pairing 
between miR-153 and Nrf2 was presented in 
Figure 3A. Moreover, the dual-luciferase assay 
pointed out that compared with NC group, co-
transfection of miR-153 mimics and Nrf2-3’-
UTR displayed remarkably decreased lucifer-
ase activity, whereas co-transfection of miR-
153 mimics and Nrf2-Mutant-3’-UTR did not 
result in marked decline in luciferase activity. 
These data suggested that Nrf2 was a direct 
target of miR-153. Additionally, when trans- 
fecting with miR-153 mimics or inhibitor, the 
expressions of Nrf2 in mRNA and protein levels 
were sharply reduced and elevated, respective-
ly (Figure 3B and 3C). 

The effects of miR-153 and Nrf2 on the index-
es of oxidative stress in MPP+-treated SH-SY5Y 
cells

As seen in Figure 4, overexpression of miR-153 
and Nrf2 significantly promoted and repressed 

Figure 3. Nrf2 was the direct target gene of miR-153. A. Schematic diagram of the presumed binding site of miR-
153 and on the 3’-UTR of Nrf2 was presented on the left panel, and the data from dual-luciferase were showed on 
the right panel. *P < 0.05 and **P < 0.01. B. mRNA level of Nrf2 was reduced following transfection of miR-153 mim-
ics, as detected by qRT-PCR. C. Protein level of Nrf2 were also declined by miR-153 overexpression, as measured 
using WB. 
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the relative ROS levels, respectively (Figure 
4A). Furthermore, up-regulation of miR-153 
and Nrf2 also notably enhanced and hindered 
the MDA content, respectively (Figure 4B). ROS 
and MDA both belong to oxidative indexes 
which represented the oxidative degree [24]. 
Additionally, forced miR-153 and Nrf2 expres-
sion conspicuously decelerated and accelerat-
ed the SOD activity (Figure 4C), respectively, as 
well as the GSH activity (Figure 4D). SOD and 
GSH are the antioxidative indices which are 
indirectly related to degree of oxidation [25]. 

Meanwhile, it was also observed that there 
were an opposite effect in miR-153 inhibitor 
group and si-Nrf2 group. Hence, these findings 
manifested that miR-153 could facilitate the 
degree of oxidative stress in MPP pressions of 
Nrf2, NQO1, GCLM, GCLC and HO-1 in mRNA 
and protein levels, while forced expression of 
Nrf2 markedly decreased the expressions of 
Nrf2, NQO1, GCLM, GCLC and HO-1 in mRNA 
and protein levels. Moreover, the knockdown of 
miR-153 and Nrf2 showed an inverse trend 
which corresponded to the miR-153 group and 

Figure 4. The indexes of oxidative stress were tested by biochemical methods in SH-SY5Y cells with different treat-
ments. A. miR-153 promoted the relative ROS levels and Nrf2 suppressed the relative ROS levels when compared 
with MPP+ group. *P < 0.05. B. Transfection with miR-153 or Nrf2 enhanced and inhibited the MDA content, respec-
tively, in compared with MPP+ group. *P < 0.05. C. Overexpression of miR-153 and Nrf2 could hinder and facilitate 
the SOD activity, respectively, as compared to MPP+ group. *P < 0.05. D. The relative GSH activity was higher and 
lower in miR-153 group and Nrf2 group, respectively, than that in the MPP+ group. *P < 0.05. 
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Nrf2 group, respectively (Figure 5A and 5B). 
Thus, these data supported that miR-153 might 
enhance the oxidative stress in MPP+-treated 
SH-SY5Y cells via targeting Nrf2. 

Discussion

PD, a chronic neurodegenerative disease, is 
extremely common among elderly individuals 
[26]. Previous studies have reported that 
genetic and environmental factors have been 
implicated in the etiology of PD, but the patho-
genesis is still largely unknown [27]. However, 
frequent aberrant miRNA expression has been 
detected in post-mortem human PD brain sam-
ples, thus miRNAs were considered as impor-
tant regulators in progression of PD [28]. For 
example, miR-181c could promote cell viability 

and inhibit the apoptosis of PC12 cells treated 
with MPP+ as PD cellular model [29]. In our 
study, we first demonstrated that miR-153 ex- 
pression was significantly increased in serum 
samples of PD patients and cellular samples of 
MPP+-treated SH-SY5Y cells, suggesting that 
abnormal miR-153 expression might exert an 
essential role in development of PD. Meanwhile, 
we also examined the expression of Nrf2 and 
the results showed that Nrf2 presented a con-
spicuous decline trend in vivo and in vitro. Nrf2, 
a leucine zipper/CNC protein widely expressed 
in organs with hyperoxia consumption, plays an 
important role in cellular resistance to exoge-
nous toxic substances and oxidative stress 
[30]. Therefore, our results further indicated 
that oxidative stress might contribute to the 
progress of PD. Actually, it has been confirmed 

Figure 5. Effects of miR-153 
and Nrf2 on the mRNA and pro-
tein expression alterations of 
oxidative stress-related genes in 
MPP+ treated SH-SY5Y cells. A. 
The mRNA levels of Nrf2, NQO1, 
GCLC, GCLM, and HO-1 were all 
relatively decreased in the miR-
153 group and increased in the 
Nrf2 group as compared to the 
MPP+ group. *P < 0.05. B. The 
protein levels of Nrf2, NQO1, 
GCLC, GCLM, and HO-1 were 
all relatively down-regulated in 
miR-153 group and up-regulat-
ed in Nrf2 group as compared to 
MPP+ group.
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that oxidative stress is a common feature in 
many neurodegenerative disorders and it likely 
represents a crucial step in the neurodegenera-
tive process and could therefore be a target for 
neuroprotective strategies [7]. Subsequently, 
based on the inverse expression of miR-153 
and Nrf2 in vivo and in vitro, dual-luciferase 
assay was used to assess the target interac-
tion between miR-153 and Nrf2. Our data 
revealed that Nrf2 was the direct target of 
miR-153. 

In order to further investigate the effects of 
miR-153 and Nrf2 on the oxidative stress dur-
ing the pathogenesis of PD, the indexes of oxi-
dative stress were detected by biochemical 
methods. Oxidative stress is a state of oxida-
tive damage in cells, tissues, or organs caused 
by the ROS or MDA, and is commonly linked to 
mitochondrial dysfunction [8]. Thus, the rela-
tive ROS level and MDA content were remark-
ably increased in miR-153 and si-Nrf2 groups 
as compared to the MPP+-treated group, while 
they were markedly decreased in miR-153 
inhibitor and Nrf2 groups when compared with 
MPP+-treated group, which implied that miR-
153 might activate oxidative stress by nega-
tively regulating Nrf2. Nevertheless, SOD, as 
the natural enemy of oxygen free radicals, is  
a classic scavenger in the human body [9]. 
Additionally, GSH containing three amino acids 
mainly acts as an important antioxidant and 
free radical scavenger in the body. Hence, the 
two indexes both belong to antioxidants [24]. In 
the current study, the SOD activity and GSH 
activity did indeed show an opposite trend in 
each group as compared with the results of 
ROS or MDA. Moreover, accumulating evidence 
has verified that low levels of oxidative stress 
could induce Nrf2 activation which further reg-
ulated the antioxidant response in mixed neu-
ron/astrocyte cultures and ultimately triggered 
neuroprotection to delay AD-like pathology in 
an AD mice model [31]. Therefore, we specu-
lated whether the miR-153 could mediate the 
Nrf2-HO-1 signaling pathway participated in the 
development of PD. We chose some key mole-
cules involved in Nrf2-HO-1 signaling pathway 
to test their expressions in mRNA and protein 
levels, such as NQO1, GCLM, GCLC. Finally, the 
data uncovered that Nrf2, NQO1, GCLM, GCLC 
and HO-1 mRNA and protein expressions were 
dramatically down-regulated in miR-153 and si-
Nrf2 groups as compared to the MPP+-treated 
group, whereas they were sharply up-regulated 

in miR-153 inhibitor and Nrf2 groups when 
compared with the MPP+-treated group, point-
ing out that miR-153 might suppress the relat-
ed molecules expressions by targeting Nrf2. 

In conclusion, results obtained in this study 
provide evidence for the maladjustment of oxi-
dative stress arising from aberrant miR-153 
and Nrf2 expression. Furthermore, the Nrf2/
HO-1 signaling pathway was the key factor to 
involve in the regulation of oxidative stress dur-
ing the pathogenesis of PD via miR-153. Hence, 
miR-153 and Nrf2 might be novel therapeutic 
targets and the effective biomarkers for the 
diagnosis, evaluation, and treatment of PD. 
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