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Background: The purpose of this study was to investigate the role and mechanism of steroid receptor coactivator-interact-
ing protein (SIP) in an astrocyte model of 1-methyl-4-phenylpyridinium (MPP*)-induced Parkinson’s disease.
Material/Methods: To perform our study, a Parkinson’s disease cell model was established by treating the rat glioblastoma cell
line C6 with MPP*. SIP was overexpressed in C6 cells using SIP-plasmid. Cell viability and apoptosis were ana-
lyzed using MTT assay and flow cytometer respectively. Tumor necrosis factor (TNF)-o. and interleukin (IL)-1p
levels were detected using enzyme linked immunosorbent assay and quantitative reverse transcription PCR.
Besides, lactate dehydrogenase (LDH) release, reactive oxygen species (ROS) production, and superoxide dis-
mutase (SOD) enzyme activity were determined in the present study. For protein and mRNA detection, west-
ern blot assay, and qRT-PCR were performed respectively.
Results: SIP was decreased in MPP*-induced C6 cells. SIP overexpression relieved MPP*-induced cytotoxicity of C6 cells,
displayed as increased cell viability and reduced cell apoptosis and reduced LDH release. Besides, SIP inhibited
MPP*-induced inflammatory response and oxidative stress, evidenced by decreased levels of inflammatory fac-
tors (TNF-o and IL-1B), reduced ROS generation and enhanced SOD activity. Moreover, MPP*-induced nuclear
factor-kB activation was inhibited by SIP overexpression.
Conclusions: SIP was downregulated in Parkinson’s disease and it played a protective role in the development Parkinson’s
disease, thus may be a promising target for Parkinson’s disease treatment.
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Material and Methods

Neurodegenerative diseases are seriously jeopardizing the
health of the elderly. The World Health Organization has an-
nounced that as the phenomenon of aging population becomes
more prominent, by 2040 neurodegenerative diseases will be-
come the second most dangerous group of diseases to human
health following cardiovascular diseases [1]. Parkinson’s dis-
ease (PD) is the second most common neurodegenerative dis-
ease named by James Parkinson in 1817. The prevalence of
PD in people over 65 years of age is 1-2%, while the risk of
PD in people over 85 years of age is increased by nearly 4%.
Therefore, it is imperative to further understand the pathologi-
cal mechanism of PD and develop effective treatment methods.

The main pathological features of PD are the deposition of
Lewy bodies and loss of dopaminergic neurons in substantia
nigra pars compacta (SNc) [2-4]. Enhanced oxidative stress
and inflammatory responses [5,6], protein misfolding and ag-
gregation [7], and dysfunction of the ubiquitin-proteasome
system [8] are involved in the pathogenesis of PD, but the ex-
act mechanism leading to degeneration of dopaminergic neu-
rons remains unclear. Current drugs for the treatment of PD
are mainly based on improving dopamine concentration in the
brain or activating dopamine receptors to improve the motor
symptoms of PD [9]. These drugs include levodopa (L-Dopa),
dopamine agonist, and monoamine oxidase B inhibition agent,
and amantadine [10,11]. However, there are still no effective
drugs to slow down or terminate the pathological process of
PD. Therefore, it is urgent to find effective molecular targets
for PD or to further elucidate the pathological mechanism of
PD, so as to provide more experimental and clinical basis for
the development of new PD treatment methods.

The role of nuclear factor-kB (NF-kB) signaling in immunity and
inflammation is evolutionarily conserved [12]. In addition, the
contribution of NF-kB to neurodegeneration in PD has been
well documented [13,14]. Steroid receptor co-activator-inter-
acting protein (SIP) is a new inhibitor of the NF-xB family that
interacts with the p65 protein of the NF-kB family through the
PEST domain [15]. Previous study has reported that SIP could
relieve acute pancreatitis induced myocardial damage by in-
hibiting inflammatory response [16]. Another study indicated
that SIP inhibited caspase-independent apoptosis by inhibit-
ing apoptosis-inducing factor (AIF) [17]. To date, as we known,
the role of SIP in the development of PD has not been clarified.

The current study aimed to investigate the role of SIP in astro-
cyte model of 1-methyl-4-phenylpyridinium (MPP*)-induced PD,
and to explore the underlying molecular mechanism.

Cell culture and establishment of astrocyte model of
Parkinson’s disease (PD)

The rat glioblastoma cell line C6 was purchased from ATCC
(Manassas, VA, USA). C6 cells were grown in DMEM (GIBCO,
Grand Island, NY, USA) supplemented with 10% fetal bovine
serum (FBS, GIBCO, Grand Island, NY, USA), 1% streptomycin-
penicillin solution, and 2 mM L-glutamine, and incubated at
37°Cin a humidified atmosphere containing 5% CO,

C6 cells were treatment with various concentrations of MPP+
(0, 100, 200, 300, 400, 500, 750, and 1000 pM) at 37°C for in-
dicated times (0-48 hours).

The astrocyte model of MPP*-induced PD was conducted by
treating C6 cells with 500 uM MPP* for 24 hours [18].

Cell transfection

C6 cells were seeded in 6-well plates (1x10° cells per well) and
cultured at 37°C for 24 hours. Then the C6 cells were transfected
with control-plasmid, SIP-plasmid using Lipofectamine 2000 re-
agent following the manufacturer’s instructions. Cells without
any treatment were considered the control group. Cell transfec-
tion efficiency was detected 24 hours later. To determine the
role of SIP on PD in vitro, C6 cells were divided into 4 groups:
control group (C6 cells without any treatment); MMP group
(C6 cells treated with 500 uM MPP* for 24 hours); MMP+control-
plasmid group (C6 cells were transfected with control-plasmid
for 2 hours prior to treatment with 500 uM MPP* for 24 hours);
MMP+SIP-plasmid group (C6 cells were transfected with SIP-
plasmid for 2 hours prior to treatment with 500 pM MPP* for
24 hours).

3-(4,5-dimethyl thiazol-2-yl)-2,5-diphenyl tetrazolium
bromide (MTT) assay

C6 cells were treated with various concentrations of MPP*
(0, 100, 200, 300, 400, 500, 750, and 1000 uM) at 37°C for
24 hours, or the cells were transfected with control-plasmid
and SIP-plasmid for 2 hours prior to treatment with 500 pM
MPP* for 24 hours. Subsequently, C6 cell viability was deter-
mined using the 3-(4,5-dimethyl thiazol-2-yl)-2,5-diphenyl tet-
razolium bromide (MTT) assay. Cell viability was detected by
measuring the absorbance at 570 nm using FLUOstar® Omega
Microplate Reader (BMG LABTECH, Ortenberg, Germany).

Cell apoptosis assay

C6 cells were transfected with control-plasmid and SIP-
plasmid for 2 hours prior to treatment with 500 pM MPP*
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Figure 1. SIP expression in MMP* treated C6 cells. C6 cells were treated with various concentrations of MPP* (0, 100, 250, 500, 750, and
1000 puM) for 24 hours, then SIP mRNA (A) and protein (B) expression level in C6 cells was detected using qRT-PCR and western
blotting, respectively. C6 cells were treated with 500 pM MPP* for indicated times (0, 6, 12, 24, and 48 hours), then SIP mRNA (C)
and protein (D) expression level in C6 cells was detected using qRT-PCR and western blotting, respectively. Data were displayed
as mean +SD. *, ** P<0.05, 0.01 versus control. SIP — steroid receptor coactivator-interacting protein; qRT-PCR — quantitative

reverse transcription polymerase chain reaction; MPP* —

for 24 hours. To analyze C6 cell apoptosis, we performed the
Annexin V-fluorescein isothiocyanate (FITC)/propidium iodide (Pl)
apoptosis detection kit (Cat no. 70-AP101-100; MultiSciences,
Hangzhou, China) according to the manufacturer’s instructions.
After specific treatment, C6 cells were collected by 0.25% Trypsin,
and then incubated with 5 pL Annexin V- FITC and 5 pL PI for
30 minutes in dark at room temperature. At last, flow cytome-
ter (BD Biosciences) was performed to analyze cell apoptosis.

Enzyme linked immunosorbent assay (ELISA)

C6 cells were transfected with control-plasmid and SIP-plasmid
for 2 hours prior to treatment with 500 uM MPP* for 24 hours.
The levels of TNF-a. and IL-1f in supernatant of C6 cells were
detected by using enzyme-linked immunosorbent (ELISA) kits
(Cell Signaling Technology Inc., Danvers, MA, USA) according
to the relevant manuals.

Lactate dehydrogenase (LDH) assay

C6 cells were transfected with control-plasmid and SIP-plasmid
for 2 hours prior to treatment with 500 pM MPP* for 24 hours.

1-methyl-4-phenylpyridinium; SD — standard deviation.

Then, we used the LDH in vitro toxicology assay kit (TOX-7, Sigma-
Aldrich, St. Louis, MO, USA) to measure the amount of cytoplasmic
LDH released into the culture medium. A TRIAD Series Multimode
Detector (Dynex Technologies Inc., Chantilly, VA, USA) was used
to detect the absorbance at 490 nm. The calculated value was
the relative intensity of absorbance compared to the control cells.

Measurement of reactive oxygen species (ROS) and
superoxide dismutase (SOD)

C6 cells were transfected with control-plasmid and SIP-plasmid
for 2 hours prior to treatment with 500 pM MPP* for 24 hours.
Then, ROS level was detected by using ROS assay kit (Beyotime,
Jiangsu, China) according to the manufacturer’s instructions.
And we evaluated the SOD enzyme activities by performing
commercial detection kits (Cayman Chemical, MI, USA) follow-
ing with the manufacture’s introduction.

Western blot assay

C6 cells were treated with various concentrations of MPP*
(0, 100, 200, 300, 400, 500, 750, and 1000 uM) at 37°C for

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

5778




Qu M.:
Protective role of SIP in Parkinson’s disease
© Med Sci Monit, 2019; 25: 5776-5784

LAB/IN VITRO RESEARCH

A

>
(%]
I

*%

N s
Sl o Sl o
| 1 1 |

IP mRNA level

0.5_ -
00 ,

Control Control-plasmid

SIP-plasmid

*%

Cell viability (%)

0 T T
opM  100pM 250 pM 500 pM

1
750 M 1000 pM

B
Control Control-plasmid SIP-plasmid
s - - -
D 1204
004 —F
S 80
5 60
3 40
20
0
Control MMP+c0ntroI MMP+SIP
-plasmid -plasmid

Figure 2. Effect of SIP on MMP* treated C6 cell viability. (A) C6 cells were transfected with control-plasmid or SIP-plasmid for 24 hours,
then mRNA level of SIP was measure by qRT-PCR. (B) C6 cells were transfected with control-plasmid or SIP-plasmid for
24 hours, then protein levels of SIP were measure by western blotting. (C) C6 cells were treated with various concentrations
of MPP* (0, 100, 250, 500, 750, and 1000 pM) for 24 hours, then cell viability was detected using MTT assay. (D) C6 cells
were transfected with control-plasmid and SIP-plasmid for 2 hours prior to treatment with 500 pM MPP* for 24 hours, then
cell viability was detected using MTT assay. Data were displayed as mean +SD. *, ** P<0.05, 0.01 versus control. * P<0.05
versus MMP* treatment alone group. SIP — steroid receptor coactivator-interacting protein; qRT-PCR — quantitative reverse
transcription polymerase chain reaction; MPP* — 1-methyl-4-phenylpyridinium; SD — standard deviation.

24 hours, or treated with 500 pM MPP* at 37°C for 6, 12, 24,
and 48 hours respectively, then the protein level of SIP was mea-
sured by western blotting. Besides, C6 cells were transfected
with control-plasmid and SIP-plasmid for 2 hours prior to treat-
ment with 500 pM MPP* for 24 hours, then the protein lev-
els of SIP, AIF, caspase-3, and p-p65 in C6 cells were detected.
For western blot assay, C6 cells were washed twice with phos-
phate-buffered saline (PBS), collected and lysed in lysis buffer
(Beijing Solarbio Science & Technology Co., Ltd., Beijing, China).
Supernatants, which were used as the total cell lysates, were
collected by centrifuging lysates at 12 000 rpm for 10 minutes
at 4°C. We used the bicinchoninic acid assay kit (BCA; Pierce
Biotechnology, Rockford, IL, USA) to detect the concentrations
of protein samples. Equal amount of protein samples (30 pg
per lane) were separated on 12% sodium dodecy! sulfate (SDS)-
polyacrylamide gels and electrotransferred onto a PYDF mem-
brane (Millipore, Bellerica, MA, USA). After blocking with 5%
skim milk at room temperature for 1.5 hours, the membrane was
incubated with primary antibodies (anti-SIP, anti-AlIF, anti-cas-
pase-3, anti-p65, anti-p-p65, and anti-B-actin) overnight at 4°C.

Then, the membrane was incubated with a second antibody at
room temperature for 3 hours. Finally, we used the enhanced
chemiluminescence reagent (ECL, Thermo Scientific, Logan, UT,
USA) to determine the immunoreactive bands.

Quantitative reverse transcription polymerase chain
reaction (qRT-PCR)

Total RNAs were collected from cultured cells by using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) following with the man-
ufacturer’s instructions. The cDNAs were synthesized by us-
ing a PrimeScript RT Reagent Kit (Takara Bio, Inc.) according to
protocols of the manufacturer. Then, SYBR® Premix Ex Tag™ II
(Takara Bio, Inc.) was used to analyze the synthesized cDNAs.
GAPDH was served as an internal control. The relative mRNA
levels were calculated using the 224" method [19].
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Figure 3. Effect of SIP on MMP* treated C6 cell apoptosis. C6 cells were transfected with control-plasmid and SIP-plasmid for 2 hours
prior to treatment with 500 pM MPP* for 24 hours, then cell apoptosis was analyzed by FCM (A); and the cell apoptosis
rate was calculated and presented (B). The protein level of caspase-3 and AIF was detected using western blotting (C). Data
were displayed as mean +SD. ** P<0.01 versus control. # P<0.01 versus MMP* treatment alone group. SIP — steroid receptor
coactivator-interacting protein; MPP* — 1-methyl-4-phenylpyridinium; FCM — flow cytometer; AIF — apoptosis-inducing factor;

SD - standard deviation.

Statistical analysis

All the experiments in the current study were performed 3 times.
Data were displayed as mean + standard deviation (SD). SPSS
17.0 statistical software (SPSS, Inc., Chicago, IL, USA) was used
for all statistical analyses. Differences between groups were eval-
uated by Student’s t-tests and one-way ANOVA followed by NSK
tests. A value of P<0.05 was considered statistically significant.

Results

SIP was downregulated in MPP*-induced C6 cell PD model

To detect SIP expression level in our PD cell model, various
concentrations of MPP* (0, 100, 250, 500, 750, and 1000 pM)
were added to C6 cells for 24 hours or 500 uM MPP* for indi-
cated times followed by western blot and gRT-PCR analysis. As
shown in Figure 1, compared with the control group, both pro-
tein and mRNA expression of SIP were reduced in MPP* treated
C6 cells in a dose- and time-dependent manner. The data re-
vealed that SIP may be involved in PD pathogenesis.

SIP inhibited MPP*-induced C6 cell cytotoxicity

The functional effect of SIP on MPP* induced C6 cells was ex-
plored. C6 cells were treated with various concentrations of
MPP+ (0, 100, 250, 500, 750, and 1000 pM) at 37°C for 24 hours,
or the cells were transfected with control-plasmid and SIP-
plasmid for 2 hours prior to treatment with 500 pM MPP* for
24 hours. Cell transfection efficiency was detected by western
blotting and gRT-PCR, and the results indicated that compared
with the control group, SIP-plasmid significantly increased SIP
protein and mRNA level (Figure 2A, 2B). First, cell viability was
determined by MTT assay. As shown in Figure 2C, MPP* caused
cytotoxicity in C6 cells. Compared with the control group, SIP-
over-expression significantly increased the reduced cell viabil-
ity of C6 cells induced by MPP* (Figure 2D).

C6 cell apoptosis was also detected to explore the effect SIP
on MPP* induced C6 cell cytotoxicity. Results indicated that
compared with the control group, MPP* significantly induced
C6 cell apoptosis, while SIP-over-expression significantly de-
creased cell apoptosis (Figure 3A, 3B). Meanwhile, pro-apoptotic
protein caspase-3 and apoptosis inducing factor (AIF) were
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Figure 4. Effect of SIP on LDH activity in MMP* treated C6 cells.
C6 cells were transfected with control-plasmid and
SIP-plasmid for 2 hours prior to treatment with 500 pM
MPP* for 24 hours, then LDH was measured and the
data were presented as fold of the control group.

Data were displayed as mean +SD. * P<0.05 versus
control. # P<0.05 versus MMP* treatment alone group.
SIP — steroid receptor coactivator-interacting protein;
MPP* — 1-methyl-4-phenylpyridinium; LDH — lactate
dehydrogenase; SD — standard deviation.

determined in current study. As expect, the increased protein
expression of caspase-3 and AIF caused by MPP* treatment
was inhibited by SIP upregulation (Figure 3C).

In the current study, we analyzed cell permeability by detect-
ing LDH release in cell culture medium to monitor cell mem-
brane integrity. As shown in Figure 4, after exposed to 500 yM
MPP* for 24 hours, the LDH released from cells significantly in-
creased, and SIP over-expression notably decreased LDH release.

LAB/IN VITRO RESEARCH

SIP prevented MPP*-induced C6 cell inflammation

To explore whether SIP had an effect on inflammation, the ex-
pression level of inflammatory factors TNF-o and IL-1p were
detected using ELISA. As shown in Figure 5, compared with the
control group, 500 pM MPP* treatment significantly enhanced
the expression levels of TNF-o and IL-1f in C6 cells, while SIP
upregulation notably eliminated these enhancements.

SIP prevented MPP*-induced C6 cell oxidative stress

Furthermore, ROS generation and antioxidant enzymes SOD ac-
tivity were determined in C6 cells. The results of our study in-
dicated that SIP upregulation attenuated MPP* medicated ROS
generation and SOD activity inhibition in C6 cells (Figure 6).

SIP prevented MPP*-induced NF-xB pathway activation in
C6 cells

Previous studies indicated that NF-xB was involved in the de-
velopment of PD and SIP was an inhibitor of the NF-kB path-
way [13-15]. Therefore, in our study we finally investigated
the effect of SIP on the NF-xB pathway in MPP* induced C6
cells. As expected, we found that compared with the control
group, MPP* treatment significantly promoted the activation
of the NF-kB pathway in C6 cells, evidenced by enhanced pro-
tein level of p-p65. SIP over-expression notably decreased the
protein level of p-p65 in C6 cells in comparison with the MPP*
treatment alone cells (Figure 7).
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Figure 5. (A, B) Effect of SIP on TNF-o and IL-1B production in MMP* treated C6 cells. C6 cells were transfected with control-plasmid
and SIP-plasmid for 2 hours prior to treatment with 500 pM MPP* for 24 hours, then the level of TNF-ae and IL-1f in the
supernatants of C6 cells was detected using ELISA. Data were displayed as mean +SD. ** P<0.01 versus control. # P<0.01
versus MMP* treatment alone group. SIP — steroid receptor coactivator-interacting protein; TNF — tumor necrosis factor;

IL — interleukin; MPP* — 1-methyl-4-phenylpyridinium; ELISA — enzyme linked immunosorbent assay; SD — standard deviation.
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Figure 6. (A, B) Effect of SIP on oxidative stress in MMP* treated C6 cells. C6 cells were transfected with control-plasmid and SIP-
plasmid for 2 hours prior to treatment with 500 pM MPP* for 24 hours, then ROS generation and antioxidant enzymes SOD
activity were determined respectively. Data were presented as fold of the control group. Data were displayed as mean +SD.
** P<0.01 versus control. # P<0.01 versus MMP* treatment alone group. SIP — steroid receptor coactivator-interacting protein;
MPP* — 1-methyl-4-phenylpyridinium; ROS — reactive oxygen species; SOD — superoxide dismutase; SD — standard deviation.
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Figure 7. Effect of SIP on NF-kB pathway in MMP* treated C6 cells. C6 cells were transfected with control-plasmid and SIP-plasmid
for 2 hours prior to treatment with 500 pM MPP* for 24 hours, then SIP protein (A) and mRNA (B) level was detected using
gRT-PCR and western blotting, and p-p65 protein (A, C) level was measured using western blot assay. Data were displayed
as mean +SD. ** P<0.01 versus control. # P<0.01 versus MMP* treatment alone group. SIP — steroid receptor coactivator-
interacting protein; NF-kB — nuclear factor-kB; MPP* — 1-methyl-4-phenylpyridinium; qRT-PCR — quantitative reverse
transcription polymerase chain reaction; SD — standard deviation.

Discussion

In the present study, we demonstrated that the protein and
mRNA levels of SIP were downregulated in MPP* treated C6 cells
compared with the control cells, indicating the downregula-
tion of SIP in PD. SIP over-expression significantly eliminated
MPP* induced cell viability inhibition, cell apoptosis, LDH ac-
tivity enhancement, inflammatory factors TNF-a and IL-1 lev-
els up-regulation, SOD activity elevation and ROS generation
reduction in C6 cells. Moreover, MPP*-induced NF-xB activa-
tion in C6 cells was repressed by SIP over-expression. These
findings suggested that SIP may play a protective role in PD

development by inhibiting C6 cell inflammatory response and
oxidative stress via repressing the NF-kB signaling pathway.
Evidence collected in this study support that SIP may be a novel
and promising therapeutic target for PD treatment.

PD is a common neurodegenerative disease that severely af-
fects the quality of life of patients. The most important path-
ological changes in the pathological process of PD are the pro-
gressive loss of dopaminergic neurons, which is associated
with activation of glial cells, increased levels of cytokines, and
accumulation of a-synuclein within neurons [2]. At present,
how to effectively delay the loss of neurons and restore their
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function has become a bottleneck restricting PD therapeutic
breakthrough. A large number of astrocytes proliferate and
activate during PD pathology [20,21]. As the largest number
of immune cells in the brain, astrocytes are closely connected
with neurons, microglia, and blood vessels in the brain and
play an important central role in the regulation of neuroim-
mune inflammation. Astrocytes regulate neuronal function
via the modulation of synaptic transmission and plasticity,
secretion of growth factors, uptake of neurotransmitters, and
regulation of extracellular ion concentrations and metabolic
support of neurons [22,23]. Over-proliferation of activated as-
trocytes reduces the secretion of neurotrophic factors and in-
creases the secretion of pro-inflammatory cytokines, thereby
inducing neuronal damage [24-26]. Therefore, elucidating the
mechanism of neuroinflammation in pathological processes
of PD and balancing the release of astrocytes against neuro-
trophic factors and inflammatory factors is expected to pro-
vide new intervention strategies and drug targets for the pre-
vention and treatment of PD.

The involvement of NF-kB in the development of PD is well stud-
ied [13,14]. However, SIP, a novel NF-kB family inhibitor [15],
has not been studied in PD. This study was conducted to ex-
plore the role of SIP during PD progress in vitro. To perform our
investigation, a PD cell model was established by treating the
rat glioblastoma cell line C6 with MPP*. MPP* has been reported
can induce cytotoxicity of astrocytes and it was widely used for
PD cell model induction [18,27,28]. Then, we firstly studied the
expression of SIP in MPP* treated C6 cells, and explored the ef-
fect of SIP on MPP* induced cytotoxicity in C6 cells. The find-
ings suggested that SIP was downregulated in MPP* treated C6
cells and over-expression of SIP significantly reduced MPP* in-
duced C6 cell cytotoxicity, evidenced by increased cell viability,
decreased cell apoptosis and reduced LDH release.
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Enhanced oxidative stress and neuroinflammation [5,6] are in-
volved in the pathogenesis of PD. We then explored whether
SIP can relieve PD during repressing oxidative stress and in-
flammatory response. We found that oxidative stress and in-
flammation induced by MPP* were inhibited by SIP over-ex-
pression in C6 cells. In addition, another important discovery
of the current study was that MPP* significantly induced NF-xB
activation in C6 cells and this activation was inhibited by SIP
upregulation.

Taken together, this study for the first time indicted that SIP
was downregulated in MPP* induced PD cell model, and that
it could inhibit MPP* induced cytotoxicity, oxidative stress, and
inflammatory response in C6 cells.

Conclusions

SIP played a neuroprotective effect on the astrocyte model of
MPP*-induced PD in vitro through inhibiting astrocyte inflam-
matory response and oxidative stress via repressing the NF-xB
signaling pathway. Therefore, SIP may be a novel and promis-
ing therapeutic target for PD treatment.
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