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Abstract.
Background: Endophilin A1 (EPA1) is encoded by the SH3GL2 gene, and SH3GL2 was designated as a Parkinson’s
disease (PD) risk locus by genome-wide association analysis, suggesting that EPA1 may be involved in the occurrence and
development of PD.
Objective: To investigate the role of EPA1 in lipopolysaccharide (LPS)-induced PD model mice.
Methods: The mice PD model was prepared by injecting LPS into the substantia nigra (SN), and the changes in the behavioral
data of mice in each group were observed. The damage of dopaminergic neurons, activation of microglia, and reactive
oxygen species (ROS) generation were detected by immunofluorescence method; calcium ion concentration was detected by
calcium content detection kit; EPA1 and inflammation and its related indicators were detected by western blot method. EPA1
knockdown was performed by an adeno-associated virus vector containing EPA1-shRNA-eGFP infusion.
Results: LPS-induced PD model mice developed behavioral dysfunction, SN dopaminergic nerve damage, significantly
increased calcium ion, calpain 1, and ROS production, activated NLRP1 inflammasome and promoted pro-inflammatory cell
release, and SN EPA1 knockdown improves behavioral disorders, alleviates dopaminergic neuron damage, reduces calcium,
calpain 1, ROS generation, and blocks NLRP1 inflammasome-driven inflammatory responses.
Conclusion: The expression of EPA1 in the SN of LPS-induced PD model mice was increased, and it played a role in promoting
the occurrence and development of PD. EPA1 knockdown inhibited the NLRP1 inflammasome activation, decreased the
release of inflammatory factors and ROS generation, and alleviated dopaminergic neuron damage. This indicated that EPA1
may participating in the occurrence and development of PD.
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INTRODUCTION

Parkinson’s disease (PD) is a common neurode-
generative disease. Clinical manifestations include
bradykinesia, tremor, rigidity, and postural insta-
bility. A number of studies have shown that the
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pathogenesis of PD is related to various factors such
as genetics, body aging, environment, and oxidative
stress [1]. Although the pathogenesis of PD has been
studied from many aspects, its specific pathogenesis
is still not fully understood.

Endophilin A1 (EPA1) plays a crucial role in the
regulation of nervous system diseases and tumor
diseases [2, 3]. Its structure includes an amino-
terminal N-BIN/amphiphysin/Rvs (BAR) domain
and a carboxy-terminal Src homology region 3 (SH3)
domain, encoded by the SH3GL2 gene and expressed
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almost exclusively in the brain, and is associated
with epilepsy and schizophrenia [4, 5]. In addition
to being associated with Alzheimer’s disease (AD)
[6, 7], SH3GL2 was designated as a risk locus for PD
by genome-wide association analysis [8].

Recent literature reports that EPA1 can act as
an effector of Ca2+/calmodulin, thereby affecting
calcium homeostasis [9]. At the same time, EPA1
affects oxidative stress and inflammatory response
[3, 10]. The above findings suggest that EPA1 may
be involved and play an important role in the occur-
rence and development of PD. However, the role and
mechanism of EPA1 in PD remain unclear.

Oxidative stress plays a contributing role in the
development of neurodegenerative diseases. Exces-
sive reactive oxygen species (ROS) will lead to
an increase in the level of oxidative stress in the
body, and is closely related to the occurrence and
development of various diseases, such as AD, PD,
myocardial infarction, tumors, etc. [11–13]. The
NOD-like receptor protein 1 (NLRP1) inflamma-
some plays an important role in the pathogenesis of
neurodegenerative diseases and contains the Caspase
activation recruitment domain recruiting proteins
ASC and Caspase-1 [14, 15]. Activated NLRP1
inflammasome will lead to the production and release
of pro-inflammatory factors IL-1�, IL-18, and TNF-�
[16], and its role in depression, PD, and other dis-
eases has attracted more and more attention. It has
been reported in the literature that ROS is one of
the canonical pathways to activate the inflammasome,
and increased ROS production leads to the activation
of the NLRP1 inflammasome and induces neuroin-
flammation [17, 18]. Therefore, the ROS/NLRP1
inflammasome signaling pathway is involved in the
occurrence of various neurological diseases.

In the present study, we established a mice PD
model by local injection of LPS into substantia nigra
(SN) to investigate changes in EPA1/ROS/NLRP1
inflammasome signaling in LPS-induced PD model
mice. Injected adeno-associated virus (AAV) into SN
to knock down EPA1 to further explore the role and
mechanism of EPA1 in LPS-induced PD model mice.

MATERIALS AND METHODS

Reagents

LPS was purchased from Sigma-Aldrich (St.
Louis, MO, USA, L4391). The antibodies of Calpain
1, IL-18, and �-Syn were obtained from Protein-
tech Group (Hubei, China). The primary antibody

for NLRP1 was purchased from Abcam (Cambridge,
UK). Tyrosine hydroxylase (TH), Iba-1, and Cas-
pase 1 were obtained from Servicebio (Hubei, China).
Other general reagents were commercially available.

Animals

Male C57BL/6 mice (aged 12-13 weeks and
weighing 25–30 g) were obtained from the Experi-
mental Animal Center of Anhui Medical University.
They were kept in a controlled environment with a
temperature of 22 ± 2◦C and humidity of 60% under
a 12 h light/dark cycle. Food and water were avail-
able ad libitum. All animal procedures were approved
by the Committee for Experimental Animal Use and
Care of Anhui Medical University.

Animal models

All mice were randomly separated into two groups:
sham group and LPS-treated 7d group. The ani-
mals were allowed 7 days to adapt to the new
environment before the experiment. The mice were
anesthetized with 1% Pentobarbital Sodium and
fixed in the stereotaxic apparatus (RWD Life Sci-
ence Co. Ltd, Shenzhen, China). A single dose of
LPS (5.0 �g in 2.5 �L of sterile saline; 5.0 �g/mice,
Sigma, L4391) was injected into SN through
Hamilton syringe (Hamilton Co., 1701RN/SYR
10 �l/ga26 s/51 mm/pst2, Reno, NV) at a rate of
0.5 �l/min. After each injection, the needle was left
in situ for 10 min, then retracted at the same rate.
The sham-operated mice were injected with saline
solution. (stereotaxic coordinates: 3.0 mm posterior
to bregma, 1.3 mm lateral to the midline, 4.7 mm ven-
tral to the surface of the cortex). On the 7th day after
the injection of LPS, behavioral tests were performed.

To explore the effect and possible mechanism of
EPA1, in the second part of the experiment, male
C57 mice were randomly divided into the follow-
ing four groups: control group, LPS model group,
LPS+NC shRNA group, LPS+EPA1 shRNA group.
The PD model was established four weeks after virus
injection, and related indicators were detected.

Open-field test

Open-field test was performed in a black box
(60 cm × 60 cm × 60 cm), which was located in an
experimental room with controlled conditions of
light, temperature, and noise. Firstly, the mice were
placed in the center area, allowing them to adapt to
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the environment for 2 min. Then the moving distance,
Mean speed, Line crossing and Number of stand up
were recorded over a 3-min period. At each stress ses-
sion, the floor surfaces and walls of the OFT apparatus
were thoroughly cleaned with 75% ethanol to abolish
any sign of olfactory cues.

Grip forced test

Place the grip tester on a stable operating table, and
then gently place the mice on the grip plate to avoid
disturbing the mice. Adjust the position of the mice
so that its two front paws firmly grasp the grip lever
on the grip plate. Under the premise of confirming
that the mice’s two paws are firmly grasped, pull the
right hand horizontally to the back of the mice until
the mice’s paws are stretched out. After the maxi-
mum grip is obtained, the mice automatically release
the grip lever and the machine automatically deter-
mines Maximum grip. The maximum grip value of
each mice needs to be measured three times to get the
average value.

Immunofluorescence staining

The anesthetized mice were given cardiac perfu-
sion with precooled PBS and 4% paraformaldehyde,
then brain tissue was quickly removed and fixed
overnight with 4% paraformaldehyde. The brain tis-
sue was embedded in paraffin and the thickness of
continuous sections was 4 �m. The brain sections
were dewaxed, hydrated, and incubated with 3%
H2O2 for 10 min to quench endogenous peroxidase.
The sections were then sealed with 5% BSA for
30 min and incubated with primary antibody at 4◦C
overnight. The next day, the sections were placed in
corresponding fluorescent secondary antibodies and
incubated for 1 h at room temperature and under dark
conditions. Then, the cell nuclei were stained with
DAPI at room temperature and kept away from light
for 5 min and observed and photographed under the
microscope. The average fluorescence intensity of
positive neurons in each section was analyzed by
Image-Pro Plus 6.0 analysis system.

Calcium content detection

The Ca2+ content in hippocampus of mice is
detected by the calcium content chromogenic detec-
tion kit (Beyotime, S1063S). The principle is to use
Ca2+ to react with an o-phthalein complex ketone
in an alkaline environment and produce a purple
complex. First, 20 mg of substantia nigra tissue was
weighed, according to the ratio of tissue: sample
lysate = 1:5∼10 (the specific ratio is adjusted accord-
ing to the results of the pre-experiment), and then the
sample is placed into a tissue homogenizer to fully
grind and aspirate the supernatant. Then, according to
the instructions, the standard is prepared and added to
the 96-well plate, placed in a microplate reader, and
incubated at room temperature while avoiding light
for 5–10 min. Finally, the corresponding absorbance
value was measured, drawing the standard curve. The
absorbance value of the sample was brought into the
standard curve to obtain the Ca2+ concentration of
the sample.

ROS detection

The mice were sacrificed via cervical dislocation
and the brains were fixed with 4% paraformaldehyde.
Then, the brains were embedded in OCT (Sakura,
Torrance, CA) at –20◦C to be sectioned into 5 �m
slices with a freezing microtome (Leica CM3050,
Germany). Sections were incubated with the ROS
staining solution for 30 min and washed three times
with PBS, then incubated with DAPI staining solution
for 10 min and washed three times with PBS. The sec-
tions were examined by a fluorescence microscope
(Olympus IX71, Japan). The mean fluorescence den-
sity of ROS was quantified from 3 random brain SNby
using an Image-Pro Plus 6.0 analysis software to indi-
cate the ROS production.

Western blotting

The animals were sacrificed by decapitation and
brain tissue was dissected. About 50 mg SN of brain
tissue was homogenized in a homogenizer contain-
ing 400 �l of lysate and 10 �l of PMSF. After being

Fig. 1. Expression of Endophilin A1 in LPS-induced PD mice model. A) Drug treatment schedule. B) The number of lines crossing. C)
The Maximum grip strength (g). D) The mean moving speed (m/s). E) The total Moving distance (m). F) The number of stand up. Data
are expressed as mean ± SEM (n = 12). G) double labeling for TH, Iba1, and EPA1 was performed with immunofluorescence. TH, Iba1
colocalized with EPA1. Scale bar = 200 �m and Scale bar = 40 �m. H) Quantification of TH-positive expression in the SN. I) Quantification
of EPA1-positive expression in the SN. J) Western blot for EPA1 protein level. Data are expressed as mean ± SEM (n = 6). ∗∗p < 0.01 vs. the
control group.
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Fig. 2. Changes of calcium ions, calpain 1 and ROS in LPS-induced PD mice model. A) Calcium Colorimetric Assay Kit for calcium level.
B) Western blot for calpain 1 protein level. C) ROS-Immunofluorescence images. The bar is 100 �m. D) The mean density of ROS production
in the SN. Data are expressed as mean ± SEM (n = 6). ∗∗p < 0.01 vs. the control group.

lysed for 30 min on ice, the samples were centrifuged
at 12,000 r/min at 4◦C for 15 min, the supernatant was
separated. The protein concentration was determined
by BCA Protein Assay Kit (Beyotime Biotechnol-
ogy, China). The same protein was separated by

10% SDS-polyacrylamide gel electrophoresis and
then transferred onto PVDF membranes (Millipore
Corp., Billerica, MA, USA). The membranes were
soaked in blocking buffer (5% skimmed milk in
TBST) for 1 h and then probed with primary antibod-
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Fig. 3. NLRP1 inflammasome activation and related inflammatory response in LPS-induced PD mice model. A) Western blot for NLRP1
protein level. B) Western blot for ASC protein level. C) Western blot for Caspase1 protein level. D) Western blot for IL-1� protein level. E)
Western blot for IL-18 protein level. F) Western blot for TNF-� protein level. Data are expressed as mean ± SEM (n = 6). ∗∗p < 0.01 vs. the
control group.

ies of EPA1 (CST, 65169S, 1:1000), NLRP1 (Abcam,
ab36852, 1:1000), Caspase 1, TNF-� (Bioss bs-
0078R,1:1000), IL-1� (Bioss, bs-20449R, 1:1000),
Calpain 1 (Proteintech, 10538-1-AP, 1:1000), IL-18
(Proteintech, 10663-1-AP, 1:1000), �-Syn (Protein-
tech, 10842-1-AP, 1:1000), or �-actin (1:1000)
overnight at 4◦C, followed by horseradish peroxidase
(HRP)-conjugated secondary antibody (1:10,000) for
1 h at room temperature. After washing three times,
bands corresponding to the proteins were detected by
using the Super Signal West Femto chemilumines-
cence substrate kit (Bridgen, China), and the optical

density analysis was performed using Image J soft-
ware. The �-actin of the same sample was used as
a control to calculate the relative expression of the
target protein.

Injection of adenovirus-associated vector

To study the role of EPA1 in LPS-induced
PD model mice, injecting AAV vectors containing
AAV-EPA1 shRNA or AAV-NC shRNA (Hanbio,
Shanghai, China) was employed. The sequence was
CATCAACTATGTAGAAATT. AAV-EPA1 shRNA
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or AAV-NC shRNA was injected into the SN. After
a 4-week recovery period, fluorescence microscopy
and western blotting were used to observe transfec-
tion in vivo. After successful virus transfection, a PD
model was established, and male C57 mice were ran-
domly divided into the following four groups: control
group, LPS model group, LPS+NC shRNA group,
and LPS+EPA1 shRNA group. Behavioral testing
was performed on day 7 after LPS injection.

Statistical analysis

All data were analyzed with the statistical program
SPSS 17.0 (Chicago, IL, USA). Data are expressed
as means ± SEM. Unpaired two-tailed Student’s t-
test or one-way analysis of variance (ANOVA) was
used to evaluate differences. p < 0.05 was considered
statistically significant.

RESULTS

Expression of Endophilin A1 in LPS-induced PD
mice model

To study the role of EPA1 in PD, we first estab-
lished a PD animal model using LPS. The results
of the open field experiment showed that compared
with the control group, the LPS model group had
the number of lines crossing, the Maximum grip
strength, the mean moving speed, the total Moving
distance and the number of stand up were signifi-
cantly decreased, the results showed that the mice had
obvious behavioral dysfunction, suggesting that the
PD model was successfully established (Fig. 1B–F).
Then, we detected the changes of DA neurons and
microglia in the SN of mice, as well as the localiza-
tion and expression level of EPA1 in the SN of mice by
immunofluorescence co-localization technology and
western blot. As shown in Fig. 1G, the co-localization
of the EPA1 probe can be observed in TH-positive
cells. Meanwhile, LPS treatment induced a decrease
in the number of TH-positive cells. microglia were
activated in the LPS model group, but the co-
expression of EPA1 and Iba1 was not observed. The
above results indicated that EPA1 expressed and
localized in TH-positive cells between PD model
mice and normal mice. These results showed that

LPS treatment attenuated the spontaneous activity
and motor ability of mice and induced DA neuron
damage in the SN of model mice.

Next, the results of immunofluorescence quantita-
tive detection and western blot showed that compared
with the control group, the expression level of EPA1
protein in the SN of mice in the LPS model group
was significantly increased (Fig. 1I, J).

Changes of calcium ions, calpain 1, and ROS in
LPS-induced PD mice model

Calcium ions are involved in the occurrence of var-
ious neurological diseases. When the stable state of
calcium ions is destroyed, abnormal changes in the
level of calpain 1 will be caused. Activated calpain
1 is closely related to oxidative stress and neuroin-
flammation. A large amount of highly active ROS
is generated in the body, which will cause damage
to DA neurons in a variety of ways. Therefore, we
detected the levels of calpain 1, calcium ions, and
ROS in the SN of PD model mice by western blot,
kits, and immunofluorescence techniques. The results
are shown in Fig. 2A–C. Compared with the con-
trol group, the levels of calcium ions, calpain 1, and
ROS in the SN of mice in the LPS model group
were significantly increased. The results showed that
LPS-induced increases in calcium levels and further
activation of calpain 1, along with increased ROS
generation.

NLRP1 inflammasome activation and related
inflammatory response in LPS-induced PD mice
model

ROS is one of the canonical pathways to activate
the inflammasome, and increased production of ROS
leads to the activation of the NLRP1 inflammasome
and induces neuroinflammation. Therefore, western
blot was used to detect the protein expression levels of
NLRP1, Caspase-1, ASC, IL-1�, IL-18, and TNF-�
in the SN of mice. The results are shown in Fig. 3A–F.
Compared with the control group, the expression lev-
els of NLRP1, Caspase-1, ASC, IL-1�, IL-18, and
TNF-� in the SN of mice in the LPS model group
were significantly increased. It is suggested that the
NLRP1 inflammasome in the SN of LPS-induced PD

Fig. 4. EPA1 knockdown analysis. A) Fluorescence images that expressed AAV- EPA1-EGFP in the SN four weeks after infusion. The bar
is 500 �m. B) Western blot for EPA1 protein level. C) EPA1-Immunofluorescence images. The bar is 100 �m. D) The mean density of EPA1
production in the SN. E) Western blot for EPA1 protein level. Data are expressed as mean ± SEM (n = 6). ∗∗p < 0.01 vs. the control group;
##p < 0.01 vs. the LPS+NC shRNA group.
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model mice is activated and causes the release of a
large number of inflammatory factors.

EPA1 knockdown analysis

To clarify the specific role and possible mecha-
nism of EPA1 in the occurrence and development of
PD. We knockdown EPA1 by injecting AAV-EPA1
shRNA into the SN, and injecting AAV-EPA1 shRNA
virus through stereotaxic brain. The results showed
that EPA1 was successfully knockdowned (Fig. 4A,
B). At the same time, we further detected the expres-
sion level of EPA1 in the SN of mice in the control
group, LPS model group, LPS+NC shRNA group,
and LPS+EPA1 shRNA group by immunofluores-
cence technique and western blot. Compared with
the control group, the expression level of EPA1
protein was significantly increased in the LPS+NC
shRNA group and the LPS model group. Com-
pared with the LPS model group, the expression
level of EPA1 was no significant difference in the
LPS+NC shRNA group. Compared with the LPS+NC
shRNA group, the expression level of EPA1 protein
in the LPS+EPA1 shRNA group was significantly
decreased (Fig. 4C–E). The above results indicated
that EPA1 was successfully silenced and significantly
reduced the expression level of EPA1 in the SN
region.

EPA1 knockdown ameliorated abnormal
behaviors and DA neurons damage in
LPS-induced PD model mice

Then, to investigate the effect of EPA1 on motor
activity in PD mice, LPS model establishment was
performed 4 weeks after NC shRNA or EPA1 shRNA
infusion. OFT was used to evaluate the locomotor
activity. Figure 5B–F shows the number of times
crossing the grid, the maximum gripping force, the
average moving speed of the mice in the LPS+NC
shRNA group and the LPS model group, as compared
with the control group. The total moving distance and
standing times showed a downward trend, compared
with the LPS+NC shRNA group, the times of cross-
ing the grid, the maximum grasping force, and the
average moving speed of the mice in the LPS+EPA1

shRNA group, moving distance, and standing times
were increased. The above results suggest that EPA1
knockdown can improve the behavioral disorders of
LPS-induced PD model mice. Besides, compared
with the LPS+NC shRNA group, the LPS+EPA1
shRNA group attenuated LPS-induced neuronal dam-
age and decreased the number of neurons (Fig. 5G,
H). These results suggest that EPA1 gene silencing
in SN can alleviate LPS-induced loss of neuronal
damage in PD model mice. There was no significant
difference between LPS model group and LPS+NC
shRNA group.

EPA1 knockdown reduces the production of
calcium ions, calpain 1, and ROS in the SN of
LPS-induced PD model mice

To confirm whether EPA1 gene silencing can
improve calcium homeostasis and inhibit the acti-
vation of calpain 1, as well as the effect on ROS.
We detected the levels of calpain 1, calcium ions,
and ROS in the SN of PD model mice by western
blot, kits, and immunofluorescence techniques. The
results are shown in Fig. 6A–D. Compared with the
control group, the levels of calcium ion and calpain
1 in the SN of mice in the LPS model group and
LPS+NC shRNA group were significantly increased.
Compared with the LPS+NC shRNA group, the cal-
cium ion, calpain 1, and ROS levels in the LPS+EPA1
shRNA group were significantly decreased. The
results showed that EPA1 knockdown could amelio-
rate the disruption of calcium ion homeostasis and
inhibit the activation of calpain 1 in the SN of LPS-
induced PD model mice while alleviating oxidative
stress. There was no significant difference between
LPS model group and LPS+NC shRNA group.

EPA1 knockdown alleviates NLRP1
inflammasome activation and related
inflammatory responses in the SN of
LPS-induced PD model mice

As a key regulatory platform of the inflammatory
response, the activation of the inflammasome can pro-
mote the release of pro-inflammatory cytokines. To
investigate the mechanism of EPA1, we tested the

Fig. 5. EPA1 knockdown ameliorated abnormal behaviors and DA neurons damage in LPS-induced PD model mice. A) Drug treatment
schedule. B) The number of lines crossing. C) The maximum grip strength (g). D) The mean moving speed (m/s). E) The total moving
distance (m). F) The number of stand up. Data are expressed as mean ± SEM (n = 12). G) TH-Immunofluorescence images. The bar is
200 �m. H) Quantification of TH-positive expression in the SN. Data are expressed as mean ± SEM (n = 6). ∗∗p < 0.01 vs. the control group,
#p < 0.05, ##p < 0.01 vs. the LPS+NC shRNA group.
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Fig. 6. EPA1 knockdown reduces the production of calcium ions, calpain 1, and ROS in the SN of LPS-induced PD model mice. A) Calcium
Colorimetric Assay Kit for calcium level. B) Western blot for calpain 1 protein level. C) ROS-Immunofluorescence images. The bar is
100 �m. D) The mean density of ROS production in the SN. Data are expressed as mean ± SEM (n = 6). ∗∗p < 0.01 vs. the control group,
##p < 0.01 vs. the LPS+NC shRNA group.

SN proinflammatory cytokine levels in mice. West-
ern blot was used to detect the protein expression
levels of NLRP1, Caspase-1, ASC, IL-1�, IL-18,
and TNF-� in the SN of mice. The results are
shown in Fig. 7A–F. Compared with the control
group, the expression levels of NLRP1, Caspase-1,
ASC, IL-1�, IL-18, and TNF-� in the SN of mice
in the LPS model group and the LPS+NC shRNA
group were significantly increased. Compared with
the LPS+NC shRNA group, the protein expression
levels of NLRP1, Caspase-1, ASC, IL-1�, IL-18, and
TNF-� in the LPS+EPA1 shRNA group were signifi-
cantly decreased. There was no significant difference
between LPS model group and LPS+NC shRNA

group. The results showed that EPA1 gene silencing
effectively attenuated NLRP1 inflammasome activa-
tion and its mediated inflammatory response.

DISCUSSION

As a member of the synaptic vesicle endocytic
recycling protein family, the mechanism of action of
EPA1 is very complex. The abnormal expression of
EPA1 in the brain is involved in the occurrence and
development of various neurodegenerative diseases
and psychiatric diseases, such as AD, epilepsy, etc.
However, the role of EPA1 in PD is unclear. Previous
studies have shown that EPA1 is involved in calcium
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Fig. 7. EPA1 knockdown alleviates NLRP1 inflammasome activation and related inflammatory responses in the SN of LPS-induced PD
model mice. A–F) Western blot for NLRP1, Caspase-1, ASC, IL-1�, IL-18, and TNF-� protein level. Data are expressed as mean ± SEM
(n = 6). ∗∗p < 0.01 vs. the control group, #p < 0.05, ##p < 0.01 vs. the LPS+NC shRNA group.

homeostasis, inflammatory response, and oxidative
stress; therefore, we speculate that EPA1 may play
an important role in PD.

To test this hypothesis, we injected LPS into the SN
of mice through a brain stereotaxic instrument, and
after successfully establishing a PD model, we stud-
ied the expression of EPA1 in PD model mice. The
experimental results showed that compared with the
control group, the expression level of EPA1 in the SN
of mice in the LPS model group was increased, sug-
gesting that the abnormal changes in the expression

level of EPA1 may be related to PD. Localized expres-
sion, but the co-localization of EPA1 and microglia
was not observed in this experiment.

Activation of Calpain 1 is considered to be a key
pathogenic factor in neurodegenerative diseases such
as AD [19, 20]. It has been reported in the literature
that when the steady state of calcium ions is disrupted,
it leads to the activation of Calpain 1, which will lead
to the occurrence of many diseases including neuroin-
flammation. Therefore, the neuronal death caused by
the activation of Calpain 1 may also be related to the
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mechanism of PD. The experimental results in this
study showed that LPS-induced disruption of calcium
homeostasis and activation of Calpain 1.

ROS are produced in large quantities under the
influence of oxidative stress and destroy cellular com-
ponents such as intracellular proteins, nucleic acids,
and lipids. Studies have found that ROS is associated
with neurodegenerative diseases and aging-related
neurosenescence, and the increased production of
ROS leads to the activation of the NLRP1 inflam-
masome and induces neuroinflammation [21–23].
However, in PD, how will ROS affect the occurrence
and development of the disease. In this experiment,
after modeling with LPS, it was found that the pro-
duction of ROS in the SN of mice was significantly
increased. The results showed that the induction of
LPS increased the production of ROS.

The NLRP1 inflammasome plays an important
role in the pathogenesis of neurodegenerative dis-
eases. As a member of the NLRP family, the NLRP1
inflammasome consists of NLRP1, caspase-1, and
ASC. After the activation of the NLRP1 inflamma-
some, pro-caspase-1 is cleaved into active caspsase-1,
which subsequently leads to the massive production
of inflammatory factors such as IL-1� and IL-18,
resulting in the occurrence of inflammatory responses
[18, 24, 25]. The results of western blot in this exper-
iment showed that compared with the control group,
the expression levels of NLRP1, caspase-1, and ASC
proteins in the SN of the LPS model group were
significantly increased, suggesting that the NLRP1
inflammasome was activated. The levels of inflam-
matory cytokines IL-1�, IL-18, and TNF-� also
increased in the model group. The above results indi-
cate that the NLRP1 inflammasome is activated and
triggers an inflammatory response.

However, we silenced EPA1 by injecting AAV-
EPA1 shRNA into the SN, and the results showed that
AAV adenovirus was successfully transfected and
significantly reduced the expression level of EPA1
in the SN region. On this basis, we found that com-
pared with the LPS model group, the LPS+EPA1
shRNA group had significantly higher grid cross-
ing times, maximum grasping force, average moving
speed, total moving distance, and standing times. The
above results suggest that EPA1 gene silencing can
improve LPS-induced behavioral dysfunction in PD
model mice. At the same time, we also observed DA
neurons in the SN, and the results showed that the
damage of TH-positive neurons in the SN of mice
in the EPA1 gene silencing group decreased and the
number increased.

These results indicate that EPA1 gene silencing has
a effect on the occurrence and development of PD. At
the same time, when the EPA1 gene was silenced,
LPS-induced PD model mice improved calcium
homeostasis in the SN and inhibited the activation
of calpain 1; significantly reduced ROS generation;
effectively attenuated the NLRP1 inflammasome
activation and its mediated effects on inflammation.

Conclusion

EPA1 play a role in the pathogenesis of PD, and
its mechanism may be related to the inflammatory
response mediated by promoting ROS generation
and activating the NLRP1 inflammasome. Therefore,
EPA1 is expected to become a new therapeutic target.
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