
Int J Clin Exp Med 2019;12(4):3668-3676
www.ijcem.com /ISSN:1940-5901/IJCEM0086443

Original Article
The role of miR-146a in MPTP treated mice  
with Parkinson’s disease

Shao-Pu Wu, Jie-Wen Zhang, Jian-Jun Ma, Xue Li, Ya-Wei Qi, Hong-Qi Yang 

Department of Neurology, Zhengzhou University People’s Hospital and Henan Provincial People’s Hospital, 
Zhengzhou 450000, Henan, China

Received October 8, 2018; Accepted February 12, 2019; Epub April 15, 2019; Published April 30, 2019

Abstract: Objective: To explore the expression and role of miR-146a in PD and its possible mechanisms. Methods: 
PD mice were constructed by intraperitoneal injection of MPTP, and the expressions of miR-146a in the midbrain at 
different time points were measured by RT-PCR and in situ hybridization combined with immunofluorescence. The 
expressions of miR-146a in BV2 cells were detected by RT-PCR. A luciferase reporter assay was used to verify the 
target gene of miR-146a, and the regulation of target gene IRAK1 by miR-146a was detected by RT-PCR and western 
blot. After the lateral ventricle administration: the inhibitor or negative control of miR-146a and the expression of 
IRAK1 were measured by RT-PCR and western blot. ELISA was used to measure the levels of the pro-inflammatory 
cytokines TNF-α, IL-1, and IL-6, and the apoptosis of neurons was detected by TUNEL combined with immunofluo-
rescence. Results: Compared with the control group, the microglial cells were activated and the expression of miR-
146a was significantly up-regulated in the MPTP treated mice. The expressions of miR-146a in the BV2 cells treated 
with LPS were also increased. IRAK1 was a target gene of miR-146a and the expression of IRAK1 was regulated by 
miR-146a. In the MPTP treated mice, the expressions of IRAK1 were decreased, and the level of TNF-α, IL-1, IL-6, 
and neuron apoptosis were increased. And the expressions of IRAK1 and the levels of the pro-inflammatory factors 
were up-regulated by the miR-146a inhibitor, but there was no significant effect of the miR-146a inhibitor on neuron 
apoptosis. Conclusion: In MPTP treated mice, miR-146a was up-regulated, and it negatively regulated the expres-
sion of IRAK1 to involve it in the regulation of PD neuroinflammation. miR-146a might be a new biomarker for the 
early diagnosis of PD.
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Introduction

Parkinson’s disease (PD) is a common move-
ment disorder disease, and its pathological  
features include the loss of dopaminergic (DA) 
neurons within the substatia nigra pars com-
pacta (SNpc) and the abnormal accumulation 
of α-synuclein, resulting in the deposition of 
Lewy bodies [1, 2]. Epidemiological investiga-
tions show that age, 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP), and heavy metals 
can induce PD [3], and the pathophysiological 
mechanisms underlying DA neuron loss are 
related to mitochondrial dysfunction, oxidative 
stress, and neuroinflammation, which can 
cause apoptosis or impair autophagy of the DA 
neurons [4-7]. Due to its irreversible pathology 
and complex pathogenesis, there are no effec-

tive methods to cure PD. Therefore, the study of 
early diagnosis indicators and new therapeutic 
targets have become hot topics in PD research. 

Extensive evidence demonstrates that many 
miRNAs play important roles in diseases of  
neurodegeneration, including PD [8]. For exam-
ple, miR-7 and miR-153 negatively regulate α- 
synuclein, a key gene related to inherited PD,  
to inhibit the progression of PD [9], and miR-
34b/c is involved in the pathogenesis of PD by 
regulating mitochondrial function and oxidative 
stress [10]. miR-146a was the first miRNA found 
to regulate the immune inflammatory system 
and is more highly expressed in the central  
nervous system than in other organs [11]. 
Research demonstrates that miR-146a has an 
abnormal expression in nervous system tu- 
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mors, Huntington’s disease, Alzheimer’s dis-
ease, and other neurological diseases [12-14]. 
In addition, studies have revealed that miR-
146a negatively regulates the expression of 
the main proteins in the toll-like receptor sub-
type TLR4 signaling pathway, such as the tu- 
mor necrosis factor receptor related factor 6 
(TRAF6) and the interleukin 1 receptor kinase 1 
(IRAK1), and then regulates the nuclear factor 
kappa B (NK-κB) and the downstream inflam-
matory factors IL-6, IL-1, and TNF-α and is 
involved in the inflammation process in the ner-
vous system [14], so it has been speculated 
that miR-146a might be related to PD. However, 
there are few studies on the expression and 
function of miR-146a in PD. In this study, the 
expression of miR-146a, its target gene IRAK1, 
and the related inflammatory factors were mea-
sured for the first time, in an effort to explore 
the role and possible mechanisms of miR-146a 
in PD, finding a new biomarker for the early 
diagnosis and clinical treatment of PD.

Materials and methods

Experimental animals and treatment

Male C57BL/6 mice (SPF grade) about 8 weeks 
old and weighing (22 ± 2) g, were provided by 
the Experimental Animal Center of Zhengzhou 
University. 

40 mice in the MPTP group were treated with 
MPTP to build a PD model: The mice were intra-
peritoneally injected with MPTP at 30 mg/kg/
time/day for 5 consecutive days. The control 
mice (8 mice) were injected with saline every 
day. The mice in the MPTP group were killed at 
different time-points: 0, 1, 5, 10, and 20 days 
after the last MPTP injection (8 mice every 
time), to remove the brains, and, the ventral 
midbrains were dissected and stored at -80°C 
for further experiment.

32 mice were divided into 4 groups, the normal 
miR-146a inhibitor group and the normal nega-
tive control (NC) group, the MPTP miR-146a 
inhibitor group and the MPTP NC group, 8 mice 
in each group. The mice in the two normal 
groups had drugs administered into the right 
lateral ventricles only, and the mice in the MPTP 
groups had drugs administered into the right 
lateral ventricles and then had the MPTP in- 
jected intraperitoneally. The miR-146a inhibitor 
groups were given the miR-146a inhibitor, and 

the NC groups were given a miR-146a negative 
control. The lateral ventricle administration  
was conducted as follows: the mice were fixed 
to the stereotactic apparatus, the stereotactic 
intraventricular injection site was chosen ac- 
cording to stereotactic map of each mouse. 
Then the drill hole was created using a 0.8 mm 
diameter drill, and a PE catheter was inserted 
and then fixed. After 1 week, the mice were 
administered the miR-146a inhibitor or the miR-
146a negative control (with a concentration of 
20 nM of ribonucleotide, for a total volume of 
10 µl) through the catheter, for 5 consecutive 
days. The treatment with the miR-146a inhibi-
tor or the NC was performed 2 days prior to the 
injection of MPTP.

Cell culture and transfection

BV2 cells were provided from the Cell Culture 
Center, Institute of Basic Medicine, Chinese 
Academy of Medical Sciences. BV2 cells were 
maintained in DMEM (Hyclone, USA) containing 
10% fetal bovine serum (Gibco, USA), 100 U/m 
penicillin and 100 ug/ml streptomycin and cul-
tured at 37°C in a 5% CO2 incubator. After th- 
ree passes, the cells were inoculated into 
24-well plates at 1 × 105/well and divided into 
5 groups. The saline, 1 µg/ml, 5 µg/ml, 10 µg/
ml, and 100 µg/ml (final concentration) and the 
LPS were added into the cells respectively, and 
the cells were collected after 24 h.

The cells were seeded into 12 well plates and 
divided into 4 groups: the LPS group, the miR-
146a mimic group (Mimic group), the negative 
control group (NC group), and the miR-146a 
inhibitor group (Inhibitor group). After being cul-
tured for 24 h, the mimics, the NC, and the 
inhibitor of miR-146a were transfected with 
BV2 cells using lipo2000 according to the man-
ufacturer’s protocol. LPS with a final concentra-
tion of 5 µg/ml was added after transfection 48 
h, and the cells were collected after 24 h. 

Luciferase reporter assay

Based on bioinformatical predictions, a wild 
type fragment and a mutant fragment from the 
3’UTR of the IRAK1 gene containing the miR-
146a binding sites were produced by PCR with 
the primers, and then cloned into Xho I/Not  
I sites of psiCHECKTM-2 vector (Promega, USA). 
All of the recombinant plasmids were confirm- 
ed by sequencing. The psiCHECK2 recombi-
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nant vector (containing the 3’UTR of IRAK1  
with the wild type or mutant type miR-146a 
binding site) and the miR-146a mimics or the 
negative control were cotransfected into the 
HKE293T cells according to the manufacturer’s 
instructions. After 48 h, the luciferase activity 
was detected using the dual-luciferase repor- 
ter assay system detection kit (Promega, USA). 
The ratio of Rluc to Fluc was the relative acti- 
vity of the luciferase.

Real time PCR (RT-PCR)

Total RNA was extracted from the mice mid-
brain tissues and cells in each group using 
Trizol, and cDNA was obtained by reverse tran-
scription according to the kit’s instruction. The 
expressions of miR-146a and IRAK1 were mea-
sured by RT-PCR, and the measurements were 
repeated three times. The relative expressions 
in each group were analyzed using the 2-ΔΔCt 
method. The primer sequences are shown in 
Table 1.

Western blot

Total proteins were extracted from the brain tis-
sues of the mice, and the protein concentra-
tions were determined using the BCA method. 
Then, SDS-PAGE electrophoresis was perfor- 
med and blocked into 5% milk for 1 h after 
being transferred. The primary antibodies used 
were the following: IRAK1 and β-actin (1:1000, 
Abcam, British). After being washed, the sec-
ondary antibodies (1:2000, Abcam, U.K.) were 
incubated for 1 h at room temperature. BeyoECL 
Plus was added into the membrane to detect 
the protein bands, and the image analysis was 
performed using Image J to calculate the rela-
tive expression of the proteins with β-actin as 
the internal reference.

In situ hybridization combined with immuno-
fluorescence

Paraffin embedding and sectioning (8 µm) was 
performed on the fixed brain tissues of the 
mice. The sections were put into dimethyl ben-
zene for dewaxing and treated by 0.01% 
TritonX-100 for 2 min, then digested in trypsin 
K (1 µg/ml) at 37°C for 20 min. Pre-hybridiza- 
tion was performed at 42°C for 30 min. The 
Dig-miR-146a probe was obtained from the 
Abace Biology Company. Then a preheated hy- 
bridization solution containing the probe was 

added into the sections for hybridization at 
42°C overnight. The sections were washed in a 
2 × SSC solution containing 50% formamide, 
then a 1 × SSC, 0.5 × SSC solution in turn at 
37°C. After being washed by Buffer I (1 mol/L 
NaCl, 0.1 mol/L Tris, pH = 7.5), buffer II (Buffer 
I contained 0.1 g/ml BSA) was used to block for 
30 min at room temperature. The probe target 
complex was seen under the action of alkaline 
phosphatase-digoxin antibodies and Nitro-Bl- 
ue-Tetrazolium/5-Bromo-4-Chloro-3-Indolyl-
Phosphate (NBT/BCIP). After in situ hybridiza-
tion for miR-146a, the sections were analyzed 
for immunofluorescence using the OX42 anti-
body (1:500, 4°C overnight) and a secondary 
antibody for the microglial cells.

Enzyme-linked immunosorbent assay (ELISA) 

The midbrain tissues in mice were ground to 
prepare a tissue homogenate, and the super-
natant was prepared using a conventional cen-
trifuge (3000 g for 10 min) at 4°C. Then, the 
expressions of IL-6, IL-1, and TNF-α in the mid-
brain tissues were detected using ELISA kits.

TUNEL combined with immunofluorescence 
histochemistry

0.3% H2O2 was incubated for 10 min after the 
tissue sections were dewaxed. And after being 
washed with PBS, a TUNEL staining solution 
was incubated at 37°C for 2 h. Then the sec-
tions were blocked by BSA for 30 min. The pri-
mary antibody: tyrosine hydroxylase (TH) anti-
body (1:500) was incubated at 4°C overnight.  
A second antibody was labeled with Cy3 and 
incubated for 1 h. After washing, DAPI was us- 
ed to stain the nuclei. The apoptosis of the  
neurons in the midbrain was observed under a 
fluorescence microscope.

Statistical analysis

All data were analyzed by SPSS 19.0. The data 
were represented as the mean ± standard devi-
ation (

_
x  ± s). The comparisons of the miR-146a 

expressions in the MPTP treated mice and  
the BV2 cells were performed using a single 
factor analysis of variance, and the compari-
sons between two groups were analyzed by an 
LSD t test. The relative activity of luciferase in 
the different cells was compared using a t test. 
And the expressions of IRAK1, IL-6, IL-1, TNF-α, 
and the rates of apoptosis in the cells in the 
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Figure 1. The expression of miR-146a. A: The expression of miR-146a in 
the midbrains of the MPTP-treated mice; *Compared with the control group, 
P < 0.05; #Compared with the 0d group, P < 0.05. B: In situ hybridization 

midbrain tissues were com-
pared by a t test. P < 0.05 was 
defined as a significant diffe- 
rence. 

Results

The expression of miR-146a in 
the midbrains of MPTP mice 
and LPS induced BV2 cells

The results of miR-146a ex- 
pression in the midbrain of the 
MPTP mice were detected by 
RT-PCR, as shown in Figure 
1A. Compared with the control 
group, the expression of miR-
146a in the MPTP mice was 
gradually increased with the 
time of MPTP administration, 
and the difference was signifi-
cant (P < 0.05). Inflammation 
is involved in PD, and miR-
146a is associated with mic- 
roglial activation. The changes 
of microglial cells and the in- 
tensity of miR-146a were mea-
sured by in situ hybridization 
combined with immunofluores-
cence. The results showed th- 
at the microglial cells were 
activated and the expression 
of miR-146a was up-regulated 
in the midbrains of MPTP mice. 
Additionally, the expressions of 
miR-146a in BV2 cells treated 
with 1 µg/ml LPS was not  
significantly different from the 
control group, but the expres-
sion of miR-146a in cells treat-
ed with other concentrations 
of LPS was significantly higher 
than in the control group (P < 
0.05), but there were no differ-
ences among the groups.

Table 1. The primer sequences in RT-PCR
Gene Primer sequence (5’-3’)
MiR-146a Forward Primer 5’-GGGTGAGAACTGAATTCCA-3’

Reverse Primer 5’-CAGTGCGTGTCGTGGAGT-3’
U6 snRNA Forward Primer 5’-GCTTCGGCAGCACATATACTAAAAT-3’

Reverse Primer 5’-CGCTTCACGAATTTGCGTGTCAT-3’
IRAK1 Forward Primer 5’-CCTGGATCAACCGCAACG-3’

Reverse Primer 5’-GGTCTGGGAGCCTGGAAAA-3’
β-actin Forward Primer 5’-CGGCGCCCTATAAAACCCAG-3’

Reverse Primer 5’-CGCGGCGATATCATCATCCA-3’

combined with immuno-fluores-
cence to detect the expression of 
miR-146a in the microglial cells of 
MPTP-treated mice. C: The expres-
sion of miR-146a in BV2 cells with 
the treatment of LPS at different 
concentrations; *Compared with 
the control group, P < 0.05; #Com-
pared with the 1 ug/ml group, P < 
0.05.
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miR-146a targets to IRAK1

It was predicted that IRAK1 is a target gene  
of miR-146a by biological software. And the 
result was verified by the double luciferase 
reporter assay. The relative luciferase is sh- 
own in Figure 2A. And the results indicate th- 
at when transfected with IRAK1-WT, the lucifer-
ase activity in the miR-146a mimics group was 
significantly lower than it was in the NC group, 

which suggests that miR-146a 
could bind to 3’UTR of IRAK1 
mRNA to inhibit the luciferase acti- 
vity. 

Regulation of endogenous 
IRAK1 by miR-146a

The mimics, inhibitor, and neg-
ative control of miR-146a were 
transfected into LPS-induced 
cells to detect the expression 
of IRAK1. The results showed 
that compared with the LPS 
group, the expression of IRAK1 
mRNA in the mimics group 
decreased, while the expres-
sion in the inhibitor group in- 
creased, and the differences 
were significant. The expres-
sion of IRAK1 protein in each 
group was consistent with the 
results of the mRNA (Figure  
2B and 2D). The results indi-
cated that miR-146a could 
directly regulate the expres-
sion of IRAK1 in cells.

The effect of the miR-146a 
inhibitor on the IRAK1 and 
inflammatory factors in the 
midbrain of MPTP treated mice

In order to explore whether 
miR-146a could play a role in 
PD by regulating the expres-
sion of IRAK1, the expressions 
of IRAK1, mRNA, and protein 
were detected after exogeno- 
usly inhibiting miR-146a in the 
right lateral ventricles of mice, 
and the results are shown in 
Figure 3. Compared with the 
normal mice, the expression  
of IRAK1 in the MPTP treated 

Figure 2. MiR-146a targets to IRAK1. A: Co-transfected psiCHECK2 recom-
binant vector and miR-146a mimics or NC in HEK293T cells, the relative 
activity of luciferase. C: The effect of exogenous miR-146a on the expres-
sion of IRAK1 mRNA; B and D: The effect of exogenous miR-146a on the 
expression of IRAK1 protein (*compared with the NC group in MPTP treated 
mice, P < 0.05).

Figure 3. The expression of IRAK1 mRNA and protein in the midbrain of 
mice after the inhibitor or NC of miR-146a was administeredinto the right 
lateral ventricles. (*compared with the NC group in MPTP treated mice, P < 
0.05).

mice was decreased. There was no significant 
difference in the expression of IRAK1 in the 
miR-146a inhibitor group or in the NC group in 
the normal mice. And in the MPTP treated mice, 
the expression of IRAK1 in the miR-146a inhibi-
tor group was higher than it was in the NC 
group, which was similar to the IRAK1 protein 
results. The results indicated that miR-146a 
negatively regulates the expression of IRAK1 in 
MPTP treated mice. 
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Table 2. The levels of TNF-α, IL-1and IL-6 in midbrain (µg/L)
Group TNF-α IL-1 IL-6
Normal mice NC group 2.631 ± 0.041 0.306 ± 0.012 1.285 ± 0.020

Inhibitor group 2.679 ± 0.038 0.308 ± 0.011 1.294 ± 0.019
MPTP treated mice NC group 3.037 ± 0.050* 0.353 ± 0.011* 1.345 ± 0.024*

Inhibitor group 3.293 ± 0.046#,Δ 0.408 ± 0.013#,Δ 1.468 ± 0.025#,Δ

*Compared with the NC group in normal mice, P < 0.05; #Compared with the miR-146a inhibitor group in normal mice, P < 
0.05; ΔCompared with the NC group in MPTP treated mice, P < 0.05.

Figure 4. The detection of apoptotic neurons in MPTP mice by TUNEL combined with immunohistochemistry.

The levels of TNF-α, IL-1, and IL-6 in the mid-
brains of the mice in each group were mea-
sured by ELISA, as shown in Table 2: in the 
MPTP treated mice, the levels of TNF-α, IL-1, 
and IL-6 were increased, and the levels of  
TNF-α, IL-1 and IL-6, in the miR-146a inhibitor 
group were higher than they were in the NC 
group, with a significant difference. The result 
demonstrated that the expression of miR- 
146a was up-regulated as the expression of 
IRAK1 decreased and the pro-inflammatory 
cytokines TNF-α, IL-1, and IL-6 increased in the 
MPTP treated mice, while the miR-146a inhi- 
bitor could up-regulate the expression of IR- 
AK1 and the levels of the pro-inflammatory 
cytokines.

The effect of miR-146a inhibitor on the apopto-
sis of neurons in the midbrain of the MPTP 
treated mice

The apoptotic neurons were observed by TU- 
NEL combined with TH immunohistochemistry, 
as shown in Figure 4. And the statistical re- 
sults of the apoptotic neurons are shown in 
Figure 5. The percentage of apoptotic neurons 
in the MPTP treated mice was significantly high-
er than it was in the normal mice, but there 
were no significant differences in the apopto- 
tic neurons between the miR-146a inhibitor 
group and the NC group. The results indicate 
that the miR-146a inhibitor had no significant 
effect on the apoptotic neurons in the mid- 
brain.
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Figure 5. The percentage of apoptotic neurons in the 
midbrains of the mice in each group.

Discussion 

The pathogenesis of PD is a complex and 
lengthy process that is the result of a combina-
tion of the environment and genetics. In recent 
years, more and more evidence indicates that 
in a variety of degenerative diseases, the hyper-
activated microglial cells lead to neuroinflam-
mation and oxidative stress, which results in 
damage to dopaminergic neurons. So, we spec-
ulated that neuroinflammation plays an impor-
tant role in PD [15]. As one of the miRNAs 
involved in the inflammatory reaction process, 
miR-146a could activate microglial cells in  
the central nervous through NF-κB/JUK-STAT or 
other pathways to involve in the immune in- 
flammatory response of nervous system dis-
eases [16]. And it was reported that miR-146a 
is abundant in brain tissue and up-regulated in 
the brains of neuroinflammatory patients [17]. 
For example, miR-146a, which was found to be 
up-regulated in pilocytic astrocytomas, is pre-
dicted to target the ERK/MAPK and NF-κB sig-
naling pathways, as well as regulate genes 
involved in senescence-associated inflamma-
tion and cell cycle control [18]; Wu [19] showed 
that miR-146a was up-regulated in the micr- 
ovessels of multiple sclerosis-active lesions 
and the spinal cords of mice with experimen- 
tal autoimmune encephalomyelitis, and brain 
endothelial miR-146a modulated NF-κB activity 
upon cytokine activation by targeting two no- 
vel signaling transducers, RhoA and NFAT5, as 
well as molecules previously identified, IRAK1 
and TRAF6, which are associated with decre- 

ased leukocyte adhesion during neuroinflam-
mation. Lukiw et al. [20] indicated that the up-
regulation of miR-146a coupled with the down 
regulation of CFH was observed in the AD bra- 
in and in interleukin-1β and/or oxidatively st- 
ressed HN cells in primary culture, while Muller 
[21] found that the levels of miR-146a were sig-
nificantly decreased in CSF of AD patients. 
Dong et al. [22] observed that miR-146a was 
markedly decreased in AD patients’ serum, but 
miR-146a is significantly elevated in mild cogni-
tive impairment, so miR-146a is dynamic in AD. 
However, there are few studies on the expres-
sion of miR-146a in the brain tissues of PD. In 
this study, the results showed that microglial 
cells were activated in the midbrains of the 
MPTP treated mice, and the expression of miR-
146a was significantly higher than it was in the 
control group, and the expression of miR-146a 
was increased with MPTP treatment time; in 
vitro, miR-146a was also up-regulated in the 
LPS treated BV2 cells and the expression of 
miR-146a was increased with the increase of 
LPS concentration. The results indicated that 
miR-146a was up-regulated in the midbrain tis-
sue of the MPTP treated mice, which might play 
a certain role in PD.

It had been verified by many studies that IRAK1 
was a target gene of miR-146a, and miR-146a 
could negatively regulate the expression of 
IRAK1 [23]. This study also confirmed, through 
a luciferase report assay, that miR-146a tar-
gets IRAK1, and miR-146a can negatively re- 
gulate the expression of endogenous IRAK1. 
IRAK1 is a key intermediate adaptor protein in 
the TLR signaling pathway, and it can regulate 
downstream signaling processes, and a series 
of events that can lead to the induction of pro-
inflammatory transcription factors, such as 
NF-kB, and it can eventually regulate the in- 
flammatory gene expression and innate im- 
mune response, which play a certain role in 
driving neuropathology, stimulating apoptotic 
brain cell death and neural tissue degenera- 
tion [24, 25]. In the present study, the results 
also showed that, compared with normal mice, 
the expression of miR-146a and the levels of 
the inflammatory cytokines TNF-α, IL-1, and IL-6 
were increased, but the expression of IRAK1 
was decreased in the MPTP treated mice. And 
the miR-146a inhibitor could up-regulate the 
expression of IRAK1, but the levels of inflam-
matory cytokines were also increased. Many 
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studies found that the promoter regions of miR-
146a contained the binding site of NF-κB, and 
activated NF-κB could activate the transcrip-
tion of miR-146a to down-regulated the expr- 
ession of IRAK1, meanwhile the expression of 
IRAK2 was compensatory up-regulated, so wh- 
en the TLR signaling pathway was activated, 
miR-146a was up-regulated with the enhance-
ment of the inflammatory response [23, 25]. 
Cui et al. [25] also found that there was a sig-
nificantly independent regulation of IRAK1 and 
IRAK2, and miR-146a mediated the down-regu-
lation of IRAK1 coupled to an NF-κB induced 
up-regulation of IRAK2 expression, which dri- 
ves an extensively sustained inflammatory 
response. According to the existing studies, it 
was speculated that, in MPTP treated mice, 
due to neuroinflammation, the levels of the pro-
inflammatory cytokines TNF-α and IL-1 were 
increased, which further up-regulate the ex- 
pression of miR-146a. The up-regulation of 
miR-146a is coupled to the down-regulation of 
IRAK1, and a compensatory up-regulation of 
IRAK2, maintaining or driving the sustained 
inflammatory response. So, the results indicate 
that miR-146a negatively regulated IRAK1 but 
did not inhibit the inflammatory response. In 
addition, the study also found that the miR-
146a inhibitor had no significant effect on the 
apoptosis of neurons in the midbrain. One rea-
son for this result was that the miR-146a in- 
hibitor could not affect IRAK2, so the regulatory 
effect of the miR-146a inhibitor on neuroinflam-
mation was not sufficient to have a significant 
effect on the apoptosis of the neurons.

In conclusion, miR-146a was up-regulated in 
the MPTP treated mice, and it negatively regu-
lated the expression of IRAK1’s involvement in 
the regulation of the neuroinflammation of PD. 
The study firstly revealed that miR-146a might 
be associated with the progression of PD, and 
it might be a new biomarker for the early diag-
nosis of PD. However, the miR-146a inhibitor 
could not be used to inhibit the inflammatory 
response, and it has not yet been investigat- 
ed whether miR-146a could mediate the do- 
wn-regulation of IRAK1 coupled to an NF-κB 
induced up-regulation of IRAK2 expression in 
neuroinflammation during the progression of 
PD. So the role of miR-146a in PD still needs  
to be further comprehensively analyzed in sub-
sequent studies.
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