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Zhong-Ming Ying1,2#, Qian-Kun Lv1,3#, Xiao-Yu Yao1,3#, An-Qi Dong3, Ya-Ping Yang1, Yu-Lan Cao1,  
Fen Wang1,3, Ai-Ping Gong4, Chun-Feng Liu1,3,4

1Department of Neurology and Clinical Research Center of Neurological Disease, The Second Affiliated Hospital of Soochow University, Suzhou, 

China; 2Department of Neurology, Taizhou Hospital of Integrated Traditional Chinese and Western Medicine, Taizhou, China; 3Jiangsu Key 

Laboratory of Neuropsychiatric Diseases and Institute of Neuroscience, Soochow University, Suzhou, China; 4Department of Neurology, Second 

Affiliated Hospital of Xuzhou Medical University, Xuzhou, China

Contributions: (I) Conception and design: CF Liu, AP Gong; (II) Administrative support: F Wang; (III) Provision of study materials: CF Liu, F Wang; 

(IV) Collection and assembly of data: ZM Ying, QK Lv, XY Yao; (V) Data analysis and interpretation: QK Lv, XY Yao, AQ Dong, YP Yang, YL Cao; 

(VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.
#These authors contributed equally to this work.

Correspondence to: Chun-Feng Liu. Department of Neurology and Clinical Research Center of Neurological Disease, The Second Affiliated Hospital 

of Soochow University, Suzhou 215004, China. Email: liuchunfeng@suda.edu.cn; Ai-Ping Gong. Department of Neurology, Second Affiliated 

Hospital of Xuzhou Medical University, Xuzhou, China. Email: 2335037770@qq.com.

Background: Neuroinflammation mediated by microglia plays a key role in the pathogenesis of Parkinson’s 
disease (PD), and our previous studies showed this was significantly inhibited by enhanced autophagy. In the 
autophagy pathway, Bcl2-associated athanogene (BAG)3 is a prominent co-chaperone, and we have shown 
BAG3 can regulate autophagy to clear the PD pathogenic protein α-synuclein. However, the connection 
between BAG3 and microglia mediated neuroinflammation is not clear.
Methods: In this study, we explored whether BAG3 regulated related neuroinflammation and its original 
mechanism in PD. An inflammatory model of PD was established by injecting adeno-associated virus 
(AAV)-BAG3 into the bilateral striatum of C57BL/6 male mice to induce overexpression of BAG3, followed 
by injection of lipopolysaccharide (LPS). The striatum was extracted at 3 days after injection of LPS 
for Western blotting and reverse transcription quantitative polymerase chain reaction (RT-qPCR), and 
immunohistochemical staining was performed at 21 days after injection. At the same time, LPS was used to 
induce activation of BV2 cells to verify the effect of BAG3 in vitro.
Results: Overexpression of BAG3 reduced LPS-induced pyroptosis by reducing activation of caspase-1, 
the NOD-like receptor family, and the pyrin domain-containing 3 (NLRP3) inflammasome, and by release 
of interleukin (IL)-1β and tumor necrosis factor (TNF)-α. The LPS-induced inflammatory environment 
inhibits autophagy, and overexpression of BAG3 can restore autophagy, which may be the mechanism by 
which BAG3 reduces neuronal inflammation in PD.
Conclusions: Our results demonstrate BAG3 promotes autophagy and suppresses NLRP3 inflammasome 
formation in PD.
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Introduction

Parkinson’s disease (PD) is a common neurodegenerative 
disease. The foremost pathological manifestation of PD 
is the progressive loss of dopaminergic neurons in the 
substantia nigra, which leads to motor and non-motor 
manifestations (1). According to reports, many factors may 
relate to the pathogenesis of PD, including environmental, 
genetic, and aging factors (2), while microscopically, 
neuroinflammation, autophagy disorder, and oxidative stress 
can lead to the death of dopaminergic neurons (3-5).

Bcl2-associated athanogenes (BAGs) belong to the BAG 
family which contains proteins (BAG1–7) (6). Of the seven 
BAG proteins, BAG3 is the only one involved in key cellular 
fate decisions (7), and acts as an important helper for selective 
degradation of aggregate proteins through autophagy (8). 
BAG3 possesses three important functional domains, namely 
WW, BAG, and PXXP (9). In our previous study, we reported 
BAG3 could bind with heat-shock protein (HSP)70 to form 
the BAG3-HSP70 complex through its BAG domain and 
promote autophagy to degrade α-synuclein (a key pathogenic 
factor in PD) (10). In addition, the BAG3-HSP70 complex 
can regulate transcription factor nuclear factor (NF)-κB, 
and activation of NF-κB can also upregulate expression of 
BAG3 and trigger autophagy (11,12). These studies suggest 
that BAG3 may be involved in the inflammatory process, 
but the relationship between BAG3 and neuroinflammation 
is not clear.

Microglia in the brain of  PD patients are in a 
pathological state of long-term activation, and induced 
neuroinflammation is an important factor in this (13). 
NOD-like receptor family, and the pyrin domain-containing 
3 (NLRP3) inflammasome is the first inflammasome found 
and most studied in PD (14). And the expression level of 
NLRP3 inflammasome in activated microglia in PD models 
increased (15). It is suggested that the increase of NLRP3 
inflammasome is a key part of neuroinflammation induced 
by microglia. We have reported that pramipexole suppresses 
neuroinflammation in PD models through Drd3-dependent 
autophagy (16), which prompted us to explore whether 
BAG3 could modulate PD-related neuroinflammation 
through autophagy.

In the present study, we explored the role of BAG3 in 
PD inflammation and demonstrated that overexpression 
of BAG3 could significantly reduce neuroinflammation 
and dopaminergic neuronal loss in PD mice induced 
by lipopolysaccharide (LPS) injection. In addition, 
we demonstrated that an autophagy suppressed LPS-
induced inflammatory environment could be restored by 

overexpression of BAG3, which may be the mechanism by 
which it reduces neuroinflammation. More importantly, 
we found the overexpression of BAG3 inhibited activation 
of the NLRP3 inflammasome and caspase-1 in microglia 
induced by LPS. In summary, we found that BAG3 
promotes autophagy and suppresses NLRP3 inflammasome 
formation in PD. We present the following article in 
accordance with the ARRIVE reporting checklist (available 
at https://atm.amegroups.com/article/view/10.21037/atm-
22-5159/rc).

Methods

Drugs and antibodies

A protocol was prepared before the study without 
registration. LPS (L2880) was purchased from Sigma (St. 
Louis, MO, USA). The primary antibodies were showed in 
Table 1.

The BAG3-short interfering RNAs (siRNAs) (forward: 
5 '-AAAUGUAACAACAUUAAAGCC-3' ,  reverse : 
5'-AAAUGUAACAACAUUAAAGCC-3') were purchased 
from GenePharma (Shanghai, China).

Cell culture

Mouse microglial BV2 cells were cultured in Dulbecco’s 
modified Eagle’s medium (DMEM) and with 10% fetal 
bovine serum (FBS) (10099141C; Gibco, Waltham, MA, 
USA) and 1% penicillin/streptomycin in an incubator 
at 37 ℃ and 5% CO2. BV2 cells were transfected with  
BAG3-siRNA by Lipofectamine RNAiMAX (13778-150; 
Thermo Fisher, Waltham, MA, USA) to knock down BAG3.  
BV2 cells were treated with or without LPS (1,000 ng/mL) 
for 24 h.

SH-SY5Y cells were cultured in DMEM/F12 (DF12) 
medium with 10% FBS and 1% penicillin/streptomycin in 
an incubator at 37 ℃ and 5% CO2.

Animal experiments

A total of 36 male specific pathogen-free (SPF) C57BL/6J 
mice aged 6–8 weeks were purchased from GemPharmatech 
Co., Ltd. (Nanjing, China). Experiments were performed 
under a project license (No. 202206A0353) granted 
by the Ethics Committee of Soochow University, in 
compliance with the institutional guidelines for the 
care and use of animals. All mice were maintained 
under a 12-h light/12-h dark cycle with food and water  

https://atm.amegroups.com/article/view/10.21037/atm-22-5159/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-5159/rc
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ad libitum. The experimental design and execution were 
performed by different individuals. To verify the role of 
BAG3 in neuroinflammation, we chose to overexpress 
BAG3 in the brain of mice and then use LPS to induce 
neuroinflammation. For the LPS-induced PD model, mice 
were randomly divided into four groups, and all subsequent 
operations were performed randomly to minimize potential 
confounders. The groups were labeled as (I) Con-adeno-
associated virus (AAV) group; (II) BAG3-AAV group; 
(III) LPS + Con-AAV group; and (IV) LPS + BAG3-AAV 
group. To induce overexpression of BAG3 in vivo, mice 
in groups II and IV were stereotactically injected with 
AAV9-GV577-BAG3 (1×1013 vg/mL; Shanghai Genechem 
Co., Ltd., Shanghai, China) into the bilateral striatum 
according to the coordinates of anteroposterior (AP)  
+0.9 mm, mediolateral (ML) ±1.5 mm, and dorsoventral 
(DV) −3.5 mm (relative to the bregma) at a volume of  
1 µL/side. Mice in groups I and III received an equal 
volume of negative AAV. We used previously reported 
methods to build a LPS-induced PD model (16). Three 
weeks later, mice in groups III and IV were treated with 
LPS (5 µg dissolved in 1 µL saline) in the bilateral striatum  
(1 µL/site, respectively) by stereotaxic injection according 
to the coordinates at (I) AP +1.18 mm, ML ±1.5 mm, DV  

−3.5 mm; (II) AP −0.34 mm, ML ±2.5 mm, and DV 
−3.2 mm from bregma. Mice in groups I and II were 
stereotactically injected with an equal volume of saline. 
After surgery, mice were kept on a warm pad until recovery, 
then placed back in the cage. All animals were included in 
the analysis.

Western blotting

Striatal tissues and cells were lysed in RIPA buffer (P0013B; 
Beyotime, Nantong, China) containing protease and 
phosphatase inhibitors (MCE, Shanghai, China). After 
centrifugation at 12,000 g for 20 min at 4 ℃, the supernatant 
was harvested and the protein concentration was measured 
by a BCA Protein Assay Kit (23225; Thermo Scientific, 
Waltham, MA, USA). Samples were separated on 8–12% 
sodium dodecyl sulfate polyacrylamide gel electrophoresis 
(SDS-PAGE) and transferred to polyvinylidene fluoride 
membranes then blocked with 5% nonfat milk powder 
in tris-buffered saline with Tween 20 (TBST) buffer at 
room temperature for 1 h. Samples were then incubated 
overnight at 4°C with primary antibodies, and the next day, 
membranes were incubated with corresponding horseradish 
peroxidase (HRP)-conjugated secondary antibody (1:8,000; 
Jackson Laboratories, Bar Harbor, ME, USA) at room 
temperature for 1 h. Protein density was measured using 
an electrochemiluminescence (ECL) kit (P10300; NCM 
Biotech, Shanghai, China) and quantified by Image J 
software (National Institutes of Health, USA).

Reverse transcription quantitative polymerase chain 
reaction (RT-qPCR)

Total RNA was extracted with Trizol reagent (15596018; 
Invitrogen, Carlsbad, CA, USA) and transcribed by the 
complementary DNA (cDNA) synthesis kit (K1622; 
Thermo Scientific,  Vilnius ,  Lithuania).  qPCR was 
performed with SYBR Green (A25778; ABI, Vilnius, 
Lithuania) by the 7500 Real-Time PCR System (Applied 
Biosystems, Waltham, MA, USA), with 18S serving as an 
internal control gene. The primer sequences (Genscript, 
Nanjing, China) were showed in Table 2.

Microglial culture supernatant (MCS) transfer model

To test the neurotoxic effects of activated microglia, BV 
1 µg/mL LPS for 24 h to become activated, and a medium 
of BV2 cells was collected and mixed with fresh DF12 

Table 1 List of used antibodies

Antigen Vendor Catalog number

BAG3 Proteintech 10599-1-AP

LC3 NOVUS NB100-2220

p62 Sigma P0068

TH Abcam ab112

DAT Millipore MAB369

Iba1 Wako 019-19741

NLRP3 AdipoGen Life Sciences AG-20B-0014-C100

Beclin1 Cell Signaling Technology 3738

Atg5 Cell Signaling Technology 1299s

β-actin Sigma A3584

GAPDH Abclone AC002

Caspase-1 Cell Signaling Technology 24232

Cleaved 
caspase-1

Cell Signaling Technology Asp296, 67314

BAG3, Bcl2-associated athanogene 3; LC3, light chain 3; TH, 
tyrosine hydroxylase; DAT, dopamine transporter; NLRP3, NOD-
like receptor family, and the pyrin domain-containing 3.
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medium at a ratio of 1:1 (v/v). SH-SY5Y cells were cultured 
normally for 24 h and incubated with this conditioned 
medium for 12 h to induce cell apoptosis and death. The 
cells were then washed three times with phosphate-buffered 
saline (PBS) and collected.

Flow cytometry

Apoptosis of SH-SY5Y cells cultured in the MCS transfer 
model was quantified using the Annexin V-FITC Apoptosis 
Detection Kit (C1062L; Beyotime). The cells were 
pelleted and resuspended in 195 µL Annexin V-FITC 
binding solution, then 5 µL Annexin V-FITC and 10 µL 
propidium iodide staining solution were added, followed by 
incubation at room temperature (shielded from light) for  
15 min. Apoptosis of the SH-SY5Y cells was assayed by 
flow cytometry (BD FACSVerse, BD Biosciences, San Jose,  
CA, USA).

Immunohistochemistry

After LPS or saline injection for 21 days, mice were 
anesthetized with 2% isoflurane and perfused with 
saline followed by 4% paraformaldehyde in 0.1 M PBS  
(pH 7.4). The mice brains were removed and post-fixed in 
4% paraformaldehyde overnight, then dehydrated through 
a series of 10–30% sucrose solution at 4 ℃. Striatum and 
midbrain coronal sections were cut at 20 µm thickness 
on a cryostat (Leica, Wetzlar, Germany) then washed in 
0.1 M PBS and blocked in 2% bovine serum albumin 
containing 0.1% Triton X-100 for 1 h at room temperature. 
Primary antibodies against tyrosine hydroxylase (TH) 

(1:1,000), dopamine transporter (DAT) (1:1,000) and Iba1 
(1:1,000) were incubated at 4 ℃ overnight. Sections were 
incubated with HRP-conjugated secondary antibody for 
1 h and stained using a 3,3'-diaminobenzidine (DAB) 
kit (GK500705; Gene Tech, Shanghai, China). Images 
were obtained under bright field by microscopy (MSX11; 
MSHOT, Guangzhou, China). For TH-positive cells in 
substantia nigra pars compacta (SNpc) analysis, one out of 
every neighboring six sections per mouse (120 µm interval) 
with the same anatomical structure was selected.

Statistical analysis

All data are presented as mean ± standard error of mean 
(SEM). All statistical analyses were performed using 
GraphPad Prism 8 (GraphPad Software, La Jolla, CA, 
USA). One-way analysis of variance followed by Tukey’s 
post hoc analysis was performed to analyze differences in 
treatments, and P<0.05 was considered significant: *P<0.05, 
**P<0.01, ***P<0.001; and ns, not significant.

Results

Knockdown of BAG3 promotes inflammation in BV2 cells

While in our previous study, we demonstrated that BAG3 
regulates autophagy in PD (10), the relationship between 
BAG3 and neuroinflammation induced by BV2 microglia 
has not been studied. We hypothesized that BAG3 is 
related to the activation of BV2 microglia, and to test this 
we transfected BAG3 siRNA into the BV2 cell line to 
knock down expression of BAG3 (Figure 1A). The results 
showed that compared with the normal control (NC) 
group, the BAG3 in the si-BAG3 group decreased by 82%  
(Figure 1B), and inflammatory cytokines including tumor 
necrosis factor (TNF)-α, interleukin (IL)-1β, and IL-6 in 
BV2 cells increased significantly 24 h after transfection 
(Figure 1C).

Knockdown of BAG3 promotes activation of NLRP3 
inflammasome in LPS-induced BV2 cells

To verify the role of BAG3 in microglia-induced 
neuroinflammation, we used LPS to activate microglia. 
Western blotting showed expression of BAG3 in activated 
microglia was significantly increased, indicating it was 
involved in the activation of BV2 microglia (Figure 2A,2B). 
The NLRP3 inflammasome is an intracellular protein 

Table 2 List of used primers

Name Sequence

IL-1β-F TGGAAAAGCGGTTTGTCTT

IL-1β-R TACCAGTTGGGGAACTCTGC

TNF-α-F CATCTTCTCAAAATTCGAGTGACAA

TNF-α-R TGGGAGTAGACAAGGTACAACCC

IL-6-F GAGGATACCACTCCCAACAGACC

IL-6-R AAGTGCATCATCGTTGTTCATACA

18S-F TCAACACGGGAAACCTCAC

18S-R CGCTCCACCAACTAAGAAC

IL, interleukin; TNF, tumor necrosis factor.



Annals of Translational Medicine, Vol 10, No 22 November 2022 Page 5 of 13

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2022;10(22):1218 | https://dx.doi.org/10.21037/atm-22-5159

complex that regulates caspase-1 activity and IL-1β 
production. We have previously observed a significant 
increase in IL-1β in BV2 cells with reduced BAG3, so we 
speculated whether BAG3 was related to activation of the 
NLRP3 inflammasome during activation of BV2 cells. 
To test this hypothesis, we transfected BAG3 siRNA into 
BV2 cells for 24 h and treated them with LPS for 24 h. 
Expression of the NLRP3 inflammasome was detected 
by Western blotting (Figure 2C), and the results showed 
it increased significantly after knockdown of BAG3  
(Figure 2D), confirming our hypothesis that BAG3 was 
involved in activation of the NLRP3 inflammasome in 
microglia induced by LPS.

Knockdown of BAG3 aggravates neuronal death and 
apoptosis following microglial activation in MCS transfer 
model

Inflammatory cytokines released by activated microglia are 
an important pathway of neuronal death in PD patients 

and PD model animals, and this process can be simulated  
in vitro by the MCS transfer model (17). To verify whether 
the neuroinflammation involved in BAG3 promoted 
neuronal death, we transfected BAG3 siRNA into BV2 cells 
for 24 h, and treated them with LPS for 24 h. Medium of 
BV2 cells was collected and mixed with fresh DF12 medium 
at a ratio of 1:1 (v/v), and SH-SY5Y cells were incubated 
with this conditioned medium for 12 h before the apoptotic 
level of neurons was evaluated (Figure 3A). The cells were 
transfected with BAG3 siRNA, and the percentage of 
apoptotic dopaminergic cells was significantly higher than 
that of the controls (Figure 3B).

Overexpression of BAG3 reduces LPS-induced TH loss and 
microglia activation

Neuroinflammation is an important pathological process of 
PD and plays an indispensable role in disease progression. 
To explore the effect of BAG3 on neuroinflammation and 
dopaminergic neuronal damage in a PD model, we used 

Figure 1 Knockdown of BAG3 promotes inflammation in BV2 cells. (A,B) BV2 cells were transfected with NC siRNA or BAG3 siRNA for 
24 h, and expression of BAG3 in BV2 cells was demonstrated by Western blotting and in statistical histograms. n=3; mean ± SEM; **P<0.01, 
vs. NC group. (C) BV2 cells were transfected with NC siRNA or BAG3 siRNA for 24 or 48 h, and expression of IL-1β, TNF-α, and IL-6 
in BV2 cells was shown by RT-qPCR. n=3; mean ± SEM; **P<0.01, ***P<0.001, vs. Con group; ns, not significant. BAG3, Bcl2-associated 
athanogene 3; NC, normal control; si, short interfering; IL, interleukin; mRNA, messenger RNA; TNF, tumor necrosis factor; SEM, 
standard error of mean; RT-qPCR, reverse transcription quantitative polymerase chain reaction.
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stereotactic surgery to inject BAG3-AAV into the striatum 
of C57BL/6 mice to overexpress BAG3. After 21 days, LPS 
was injected into the striatum to establish a PD model related 
to neuroinflammation. According to our previous study, 
the expression level of inflammation was highest at 3 days 
after LPS injection and the loss of dopaminergic neurons in 
substantia nigra was higher after 21 days (16). Therefore, 
we detected expression of inflammatory cytokines after  
3 days after LPS injection, and expression of TH and 
Iba1 in the substantia nigra and striatum after 21 days  
(Figure 4A). Compared with the Con-AAV group, the 
number of TH-positive neurons in the SNpc of the LPS 
+ Con-AAV group decreased by 38.2% after 21 days, 
suggesting LPS-induced neuroinflammation significantly 
reduces the number of dopaminergic neurons. The loss 
of TH-positive neurons in the LPS + BAG3-AAV group 

was significantly lower than in the LPS + Con-AAV group 
(Figure 4B,4C), meanwhile, the expression of DAT in the 
LPS + BAG3-AAV group was significantly lower than in 
the LPS + Con-AAV group (Figure 4D,4E), suggesting the 
overexpression of BAG3 can protect TH neurons in an 
inflammatory environment. 

We then explored whether  BAG3 af fected the 
neuroinflammatory responses in a mouse model, and 
immunohistochemistry revealed LPS injection had a marked 
effect on the proliferation and activation of microglia in 
the striatum (Figure 4F,4G). Specifically, compared with 
the Con-AAV group, the number of microglia (Iba1+) 
increased, and the microglial cell bodies increased in size in 
the LPS group. Compared with the LPS + Con-AAV group, 
the number of microglia in the LPS + BAG3-AAV group 
decreased significantly, and the morphological changes in 

Figure 2 BAG3 was involved in activation of the NLRP3 inflammasomes in microglia induced by LPS. (A,B) BV2 cells were incubated with 
LPS (1 μg/mL) for 24 h, and expression of BAG3 in BV2 cells was demonstrated by Western blotting and in statistical histograms. n=3; 
mean ± SEM; ***P<0.001 vs. PBS group. (C,D) BV2 cells were transfected with NC siRNA or BAG3 siRNA for 24 h and incubated with 
LPS (1 μg/mL) for 24 h. Expression of BAG3 and NLRP3 in BV2 cells was shown by Western blotting and expression of the NLRP3 was 
shown in statistical histograms. n=3; mean ± SEM; *P<0.05, **P<0.01, ***P<0.001. BAG3, Bcl2-associated athanogene 3; PBS, phosphate-
buffered saline; LPS, lipopolysaccharide; NLRP3, NOD-like receptor family, and the pyrin domain-containing 3; NC, normal control; si, 
short interfering; SEM, standard error of mean.
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microglia were also less. RT-qPCR showed the inflammatory 
cytokines IL-1β and TNF-α were significantly enhanced in 
the LPS + Con-AAV group, while overexpression of BAG3 
reduced IL-1β and TNF-α in the striatum, compared to the 
LPS + Con-AAV group (Figure 4H,4I).

Overexpression of BAG3 enhances autophagy in an 
inflammatory environment

Autophagy disorders are found in the brains of both PD 
patients and PD models, indicating this process plays an 
important role in the pathological progression of PD. 
Previous studies have shown that enhancing autophagy 
can significantly reduce neuroinflammation in PD (18,19). 
BAG3 is a molecule related to autophagy, and to verify 
whether it could regulate the level of autophagy in the 
neuroinflammation of PD, we detected expression of 

autophagy-related proteins at 3 days after injection of 
LPS (Figure 5A-5F). LPS increased expression of p62, 
and the level of p62 in the LPS + BAG3-AAV group 
was significantly lower than in the LPS + Con-AAV 
group. LPS inhibited expression of Beclin1, and BAG3 
prevented this effect. In addition, there was no significant 
difference between autophagy related protein (ATG5) and 
light chain 3 (LC3). Our results show that LPS-induced 
neuroinflammation leads to autophagy disorder, and BAG3 
can reverse this.

Overexpression of BAG3 reduces LPS-induced pyroptosis

Pyroptosis is a new form of programmed cell death 
characterized by its dependence on caspase-1, the NLRP3 
inflammasome, and the release of a large number of 
inflammatory cytokines (20). Many studies have reported 
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that pyroptosis plays an important role in PD, and 
inhibiting the activation of the NLRP3 inflammasomes can 
protect dopaminergic neurons (21,22). We have verified 
in vitro that BAG3 is involved in activation of the NLRP3 
inflammasomes in BV2 cells induced by LPS, and to verify 
whether BAG3 plays this role in PD mice, we detected 

expression of NLRP3 and caspase-1 in the striatum of mice 
(Figure 6A-6E). Western blotting showed the expression 
of NLRP3, caspase-1, and cleaved caspase-1 in the LPS + 
Con-AAV group was significantly higher than in the Con-
AAV group, indicating LPS induced pyroptosis in the 
striatum. The LPS + BAG3-AAV group showed a strong 

Figure 4 Overexpression of BAG3 reduced LPS-induced TH loss and microglial activation. (A) Experimental flow chart. BAG3-AAV or 
Con-AAV was injected into the bilateral striatum of C57BL/6 mice. After 21 days, LPS or PBS was injected into the bilateral striatum. (B,C) 
At 21 days after LPS injection, immunostaining and quantification of TH-positive neurons in mice. (D,E) At 21 days after LPS injection, 
immunostaining and quantification of DAT in mice. (F,G) At 21 days after LPS injection, immunostaining and quantification of Iba1+ cells 
in mice. (H,I) At 3 days after LPS injection, expression of IL-1β and TNF-α was demonstrated by RT-qPCR and in statistical histograms. 
n=3; mean ± SEM; *P<0.05, **P<0.01, ***P<0.001; ns, not significant. BAG3, Bcl2-associated athanogene 3; AAV, adeno-associated virus; 
LPS, lipopolysaccharide; WB, Western blotting; RT-qPCR, reverse transcription quantitative polymerase chain reaction; TH, tyrosine 
hydroxylase; DAT, dopamine transporter; IOD, integrated option density; TNF, tumor necrosis factor; IL, interleukin; SEM, standard error 
of mean.
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anti-inflammatory effect of BAG3, and compared with the 
LPS + Con-AAV group, overexpression of BAG3 inhibited 
activation of NLRP3 and reduced expression of cleaved 
caspase-1, indicating BAG3 can inhibit pyroptosis caused by 
LPS in mice.

Discussion

Although the potential mechanism remains unclear, 
studies have shown that neuroinflammation is  an 
important mechanism of pathological progression in 
PD (23-25). Microglia play an important role in central 

nervous system inflammation in PD (26), and there are 
many activated microglia in the substantia nigra of PD 
patients (27). Persistent neuroinflammation caused by 
these activated microglia is a necessary factor in PD, and 
NLRP3 inflammasomes are intracellular pro-inflammatory 
pattern recognition receptors that can trigger and 
spread inflammation (28). These cell complexes are well 
characterized in the innate immune system, and their 
activity has been reported in microglia (29). Activation 
of NLRP3 inflammasomes in microglia often aggravates 
the loss of dopaminergic neurons (22,30), and they appear 
necessary for microglia-mediated neuroinflammation and 
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dopaminergic neuronal loss, which has been confirmed in 
a variety of PD models such as MPTP, LPS, rotenone, and 
6-OHDA models (31-34).

BAG3 is a protein composed of 575 amino acids 
which is highly expressed in the heart (35), and may 
play an important role in the brain (36). In this study, 
we demonstrated that overexpression of BAG3 in the 
striatum with BAG3-AAV can significantly reduce 
neuroinflammation and dopaminergic neuronal loss induced 
by LPS injection and can inhibit microglial activation and 
the inflammatory cytokines TNF-α and IL-1β. Further 
studies confirmed BAG3 inhibited the activation of NLRP3 
inflammasomes in microglia, which slowed down the loss of 
dopaminergic neurons induced by LPS. In vitro studies also 
found that knockdown of BAG3 increased the expression of 
inflammatory cytokines and promoted activation of NLRP3 
inflammasomes induced by LPS, which was consistent 
with our findings in vivo, and indicated BAG3 regulates 
the activation of NLRP3 inflammasomes to regulate the 

occurrence of neuroinflammation in PD.
Autophagy is a lysosome-dependent degradation pathway. 

Dysfunctional autophagy leads to protein accumulation 
and neuronal loss, and is increasingly considered to play 
a key role in PD (37). BAG3 plays an important role in 
autophagy and mitochondrial autophagy, and is seen to 
deliver ubiquitinated and misfolded proteins by forming 
complexes with HSP70 and HSPB8, which is a special and 
selective process (38). In our previous study, we reported 
that BAG3 promoted autophagy to clear the pathogenic 
protein α-synuclein in PD, and that it regulated autophagy 
of PD (10).

The regulatory effect of autophagy on inflammation is a 
recent discovery. Enhancing autophagy in an inflammatory 
environment can significantly inhibit inflammation and 
protect dopaminergic neurons in PD (16,39,40). Based 
on one of our previous studies and the important role of 
BAG3 in autophagy (10), we hypothesized that BAG3 
regulates PD pathology by regulating autophagy in PD-
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related inflammation and validates the specific molecular 
mechanism. We found p62 expression increased and 
Beclin1 expression decreased in the LPS-induced PD 
mouse model, which indicates autophagy is inhibited in the 
LPS inflammatory environment, which is consistent with 
previous reports. p62 has an important role in autophagy, 
and its overexpression promotes inflammation (41). We 
overexpressed BAG3 in the striatum and found it played 
a role in promoting autophagy by restoring the decreased 
expression of Beclin1 induced by LPS and inhibiting 
the increase of p62. Our results show BAG3 regulates 
autophagy in PD inflammation.

In summary, our study proposed the mechanism of 
action of BAG3 in PD neuroinflammation and the results 
show BAG3 can inhibit the occurrence of cell pyroptosis in 
microglia and restore expression of autophagy suppressed 
under inflammatory conditions.
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