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Background: Inflammation is a key pathological process in bacterial meningitis, and the transforming growth factor-beta-
activated kinase 1 (TAK1)/nuclear factor-kappa B (NF-xB) pathway is implicated in the activation of microglia and the production
of inflammatory factors. Interleukin (IL)-10 is an anti-inflammatory cytokine acting in an autocrine fashion in macrophages to
limit inflammatory responses by decreasing the production of pro-inflammatory cytokines. This paper investigates how IL-10
can inhibit microglia activation and reduce the inflammatory response of nervous system diseases.

Methods: This study used a pneumococcal-induced in Pneumococcal meningitis (PM) C57BL/6 mice and BV-2 cells model of
microglial activation, assessing the effects of IL-10 on the TAK1/NF-xB pathway. The impact of IL-10 on microglial autophagy
was investigated through western blot and immunofluorescence. The effects of IL-10 were evaluated by examining cellular
activation markers and the activity of molecular signaling pathways (such as phosphorylation levels of TAK1 and NF-xB).
Results: Pneumococcus induced the activation of microglia and reduced IL-10. IL-10 inhibited the TAK1/NF-xB pathway, re-
ducing the pneumococcal-induced inflammatory response in microglia. IL-10 ameliorated pneumococcal infection-induced mi-
croglial injury by inhibiting autophagy. Animal experiment results also showed that IL-10 inhibited inflammation and autophagy
during Pneumococcal meningitis in mice.

Conclusion: Our study demonstrates that IL-10 reduces the inflammatory response of microglia by inhibiting the TAK1/NF-<B
pathway. Additionally, IL-10 ameliorates pneumococcal infection-induced microglial injury by inhibiting the process of au-
tophagy. These results provide a new theoretical basis and offer new insights for developing strategies to treat bacterial menin-

gitis.
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Introduction

Pneumococcal meningitis (PM) is a severe infectious
disease primarily caused by Streptococcus pneumoniae (S.
pneumoniae) [1,2]. This disease is common in infants and
individuals with compromised immunity and carries a high
risk of mortality and disability [3]. As vital immune cells
in the central nervous system, microglia play a crucial role
during pneumococcal infection [4,5]. The activation of mi-
croglia and the resulting inflammatory response are essen-
tial components of the immune system’s response to infec-
tion; however, excessive inflammation and cell injury can
lead to neurological damage and functional impairments
[6,7].

Interleukin (IL)-10 is an important immunoregulatory
factor with anti-inflammatory effects [8]. Previous stud-
ies have demonstrated that IL-10 can inhibit inflamma-
tory responses in various cell types including CD4 and
CD8 T cells, B cells, etc. [9,10]. However, the mecha-

nisms and effects of IL-10 in PM are not fully understood
[11]. The transforming growth factor-beta-activated kinase
1 (TAKI1)/nuclear factor-kappa B (NF-xB) pathway is an
important signaling pathway in inflammatory responses,
and its activation can trigger the release of various in-
flammatory mediators and the occurrence of inflammation
[12,13]. IL-10 may regulate inflammatory responses by in-
hibiting the NF-xB pathway [14—16]. However, it is un-
clear whether IL-10 regulates the inflammatory response of
microglia in PM by inhibiting the TAK1/NF-xB pathway.
Autophagy is a cellular process involved in the clearance of
intracellular waste and protein degradation, and it can regu-
late cell metabolism and survival [17]. Recent studies have
shown that autophagy also plays a vital role in inflammatory
responses [ 18—20]. However, whether IL-10 affects the in-
flammatory response by regulating autophagy in microglia
during PM is unclear.

Therefore, this study aims to investigate the mecha-
nisms of IL-10 in PM, particularly its regulatory effects on
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autophagy and inflammatory responses in microglia. We
studied the effects of IL-10 on the activation status of mi-
croglia, the production of inflammatory factors, and au-
tophagy through in vitro and in vivo experiments. We fur-
ther explored whether IL-10 regulates the inflammatory re-
sponse of microglia by inhibiting the TAK1/NF-xB path-
way and investigated the effects of IL-10 on microglial au-
tophagy. These experiments aim to reveal the mechanisms
of IL-10 in PM and provide new insights and strategies for
treating this disease.

Methods

Cell Culture

BV-2 cells (CBP60922, ATCC, Manassas, VA, USA)
were cultured in high-glucose Dubellco’s Modified Essen-
tial Medium (DMEM, CM15019, MACGENE, Beijing,
China) medium supplemented with 10% fetal bovine serum
(FBS; FCS500, EXcellBio, Suzhou, China). The cells
were maintained in a humidified incubator at 37 °C with
5% CO,. Cells were passaged using 0.25% trypsin when
they reached over 80% confluency. Subsequent treatments
were performed when the cells entered the logarithmic
growth phase. S. pneumoniae (5 x 10°> CFU/well) was co-
incubated with BV-2 cells (5 x 107 cells per well) (as to S.
pneumoniae group) in DMEM supplemented with 10% fe-
tal bovine serum for 24 hours (37 °C, 5% CO-) with gentle
shaking (150 r.p.m.). Then, 20 ng/mL IL-10 (HY-P70517,
MedChemExpress, Monmouth Junction, NJ, USA) was ad-
ministered as reparative BV-2 cells (as to the S. pneumoniae
+ IL-10 group) in 24 hours and used in subsequent experi-
ments. BV-2 cells without any treatment served as a nega-
tive control (control). BV-2 microglial cells were incubated
for 2 hours with Brefeldin A (5 pg/mL, 20350-15-6, Saint
Louis, MO, USA) and then infected with S. pneumoniae at
a multiplicity of infection (MOI) of 50 for 8 hours. All cell
lines were mycoplasma-free when periodically tested us-
ing the Mycoalert assay (LT07-318, Lonza, Rockland, ME,
USA), and all cell lines have been authenticated through
Short Tandem Repeats (STR) analysis.

Enzyme-Linked Immunosorbent Assay (ELISA)
Detection

The ELISA assay was performed according to the in-
structions ELISA kit (Wuhan Saipei Biotechnology Co.,
Ltd., Wuhan, China) of tumor necrosis factor-alpha (TNF-
a; SP10205), IL-6 (SP10234), IL-4 (SP10236), and lac-
tate dehydrogenase (LDH; SP10441) and centrifuged to
remove debris. The prepared avidin-biotin-peroxidase
complex (ABC) and 3,3’,5,5'-tetramethylbenzidine (TMB)
chromogenic solutions were equilibrated at 37 °C for 30
min. Then, 100 pL of the sample was added and incubated
at 37 °C for 1.5 hours. The liquid in the ELISA plate was
removed, and 100 pL of biotinylated antibody was added
to each well. The ABC working solution (100 puL per well)
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Table 1. Sequences of primers for fluorescence

quantification.
Name Primer sequences (5’-3')
110 F: TGGGTTGCCAAGCCTTATCG
R: GGTCTTCAGCTTCTCACCCA
Beclinl F: GAGGGATGGAAGGGTCTA
R: GCCTGGGCTGTGGTAAGT
ATGS F: TTTGCATCACCTCTGCTTTC
R: TAGGCCAAAGGTTTCAGCTT
GAPDH F: GGAGCGAGATCCCTCCAAAAT

R: GGCTGTTGTCATACTTCTCATGG
1L-10, interleukin-10; ATGS5, autophagy-related gene 5;
GAPDH, glyceraldehyde-3-phosphate dehydrogenase;
F, forward; R, reverse.

was added sequentially (except for the TMB blank wells).
Then, 90 pL of the equilibrated TMB chromogenic solution
was added to each well at 37 °C. The plate was incubated at
37 °C for 15-20 min for color development, and 100 pL of
TMB stop solution was added. The OD values were mea-
sured at 450 nm using a microplate reader (VLBLOTD2,
BioTek, Winooski, VT, USA).

Quantitative Reverse Transcriptase Polymerase
Chain Reaction (qRT-PCR)

The assay was performed by the TAKARA RNA ex-
traction kit (9767, Baori Doctor Physical Technology Co.,
Ltd., Beijing, China). The reaction system and program
were carried out according to the manufacturer’s instruc-
tions. The reaction system (25 puL) consisted of 5 pL of
RNA template, 0.5 pL of Taq enzyme, 0.5 pL of reverse
transcriptase, and 14 pL of PCR reaction solution. The
reaction program included pre-denaturation at 95 °C for 5
min, denaturation at 95 °C for 15 seconds, annealing at 58
°C for 15 seconds, extension at 72 °C for 40 seconds, and a
total of 40 cycles. The detection data were recorded and an-
alyzed using specific software. The 2722 equation was
used to examine each gene’s expression. The primer se-
quences are shown in Table 1.

Western Blot

Cells were first washed with pre-cooled phosphate-
buffered saline (PBS) at 4 °C, followed by lysis using 100
pL of protein lysis buffer. After homogenization and cen-
trifugation, the supernatant containing the proteins was col-
lected. Subsequently, 30 pg of protein samples were sep-
arated by sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) and transferred onto a polyvinyli-
dene fluoride (PVDF) membrane. The membrane was then
blocked with 5% non-fat milk at room temperature for 1
hour. Primary antibodies including phosphate (p)-TAK1
(1:2000, ab109404, Abcam, Cambridge, United Kingdom),
TAKI1 (1:2000, ab109526, Abcam, Cambridge, United
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Fig. 1. S. pneumoniae induces microglial activation and decreases Interleukin (IL)-10 levels. BV-2 microglial cells were either

uninfected or infected with S. pneumoniae at a multiplicity of infection (MOI) of 50 for 24 hours. (A—C) Levels of tumor necrosis
factor-alpha (TNF-«) (A), IL-6 (B), and IL-4 (C) were measured. (D) Lactate dehydrogenase (LDH) level. (E) Expression of /L-10 in

cell lysates was analyzed by quantitative reverse transcriptase polymerase chain reaction (QRT-PCR). N =5. **p < 0.01. S. pneumoniae,

Streptococcus pneumoniae.

Kingdom), p-p65 (1:2000, ab31624, Abcam, Cambridge,
United Kingdom), p65 (1:1000, ab32536, Abcam, Cam-
bridge, United Kingdom), light chain 3 (LC3) I/II (1:1000,
ABC929, Sigma-Aldrich, Burlington, MA, USA), Beclinl
(1:1000, ab302669, Abcam, Cambridge, United Kingdom),
and autophagy-related gene 5 (ATGS) (1:1000, ab108327,
Abcam, Cambridge, United Kingdom) were incubated with
the membrane. After three washes with TBST buffer for
15 minutes each, the membrane was incubated with Rab-
bit Anti-Mouse IgG H&L secondary antibody (1:10000,
ab6728, Abcam, Cambridge, United Kingdom). Following
another three washes with TBST buffer for 15 min each, vi-
sualizing with SuperSignal Chemiluminescent horseradish
peroxidase (HRP) Substrate and photographing with soft-
ware Image Lab version in ChemiDoc MP Imaging System
(Version No. 6.0.34; Bio-Rad, Hercules, CA, US). The Pro
Plus software (Image-Pro Plus 5.1, Media Cybernetics, Inc.,
Rockville, MD, USA) was used for protein quantification.

Immunofluorescence Staining

Fixed cells were treated with 4% paraformaldehyde.
Permeabilization was achieved by incubating the cells with
0.1% Triton X-100, allowing the antibodies to penetrate
the cell membrane. To block non-specific binding, the
cells were treated with a working solution of goat serum
for 20 min, followed by the removal of the serum. The
cells were incubated overnight at 4 °C with a diluted pri-
mary antibody targeting LC3A/B (1:250, #4180, Cell Sig-
naling Technology, Denver, MA, USA). Incubated with a
diluted fluorescent secondary antibody, specifically goat
anti-rabbit IgG H&L conjugated with Alexa Fluor 488
(1:500, Biotium, Fremont, CA, USA). A 4’ 6-diamidino-
2-phenylindole (DAPI) working solution containing Irving
Blue (0.5%, D9542, Sigma, Saint Louis, MO, USA) was
added to visualize the cell nuclei. The stained cells were
then observed and photographed using a confocal micro-
scope (OLYMPUS DP80, Olympus Co., Tokyo, Japan).
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Fig. 2. IL-10 inhibits the transforming growth factor-beta-activated kinase 1 (TAK1)/nuclear factor-kappa B (NF-xB) pathway
and reduces S. pneumoniae-induced microglial inflammation. (A—C) Levels of TNF-« (A), IL-6 (B), and IL-4 (C). (D) LDH level.
(E) Changes in TAK1/NF-xB pathway-related proteins in cell lysates and representative images. N = 5. *p < 0.05, **p < 0.01.

Intracerebroventricular Injection of S. the following 3 groups (6 animals per group): (i) phosphate-
pneumoniae-Induced Meningitis buffered saline control (control group); (ii) S. preumoniae
model (SP group); (iii) IL-10 (S. pneumoniae +1L-10 at 0.1
mg/kg)-treated group. The 18 mice were anesthetized by in-
traperitoneal injection of sodium pentobarbital (50 mg/kg),

Experimental animals, eighteen C57BL/6 mice (190-
230 g) aged 68 weeks, were purchased from Beijing Hua-
fukang Biotechnology Co., Ltd. The mice were divided into
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and their heads were fixed on the brain stereotaxic ap-
paratus. The standard strain of S. pneumoniae serotype
III (ATCC 6303) was stored at —80 °C and inoculated on
blood agar plates. The bacteria were cultured at 37 °C with
5% COg for 16 hours. After scraping the colonies from
the plates, the bacteria were resuspended in physiological
saline and adjusted to an absorbance of 0.5 at 620 nm (ap-
proximately 1 x 10 CFU/mL). The mice were either ac-
tively immunized and challenged with S. preumoniae after
two weeks or passively immunized and immediately chal-
lenged to establish the meningitis model. The intracere-
broventricular injection method [21,22] was used, with the
injection site located approximately 0.5 mm posterior to the
bregma and 1.0 mm right of the midline at a vertical depth
of 3.0 mm. A volume of 15 pL of the standard strain of S.
pneumoniae serotype III was injected at a dose of 5 x 106
CFU/mouse. The animals were monitored daily by measur-
ing weight and evaluating neurological deficit scores. After
the experiment, the mice were euthanized by inhaling car-
bon dioxide. This study has been approved by the Medical
Ethics Committee of Jiangxi Provincial People’s Hospital
(approval number: KTO018).

Spontaneous Locomotor Activity Test in Mice

The spontaneous locomotor activity test in mice was
conducted using a running wheel, an infrared detection de-
vice, and a data analysis system. The running wheel was
placed in an environment control box, which maintained a
temperature of (22 £ 2) °C and provided isolation from ex-
ternal noise and light. The box also facilitated automatic
light-dark cycles based on the experimental requirements.
The infrared detection device was utilized to capture the
mice’s locomotor activity, and the data analysis system was
employed to collect and analyze the recorded data. The
clinical disease status was examined by spontaneous motor
activity [21]. The following scores were used to assess the
spontaneous motor activity of mice as described previously
(7): 5 points, normal motor activity and turned upright in
<5 sec when put on its back; 4 points, decreased sponta-
neous activity, but turned upright in <5 sec; 3 points, turned
upright in >5 sec; 2 points, did not turn upright; and 1 point,
did not move or coma.

Brain Tissue Water Content Measurement

The wet-dry method was employed to determine the
brain tissue’s water content. A dry weighing cup was used
to hold the left brain tissue, which was then weighed us-
ing an electronic analytical balance to obtain the initial wet
weight. Subsequently, the brain tissue was dried in a 100
°C oven until a constant weight was achieved (with a dif-
ference of <0.2 mg between two measurements), providing
the dry weight of the tissue. Formula = (wet weight — dry
weight)/wet weight x 100%.

Statistical Analysis

The statistical analysis was conducted utilizing SPSS
(version 22, Armonk, NY, USA) and GraphPad Prism soft-
ware (version 8.0.2, New York City, NY, USA). The mean
=+ SD values were used to present the results. To compare
control and S. pneumoniae groups, t-tests were employed.
A one-way ANOVA was utilized for control, S. pneumo-
niae, and S. pneumoniae + 1L-10 group comparisons, fol-
lowed by the Student-Newman-Keuls post hoc test for pair-
wise comparisons. Statistical significance was defined as a
p value of <0.05.

Results

S. pneumoniae Induces Microglial Activation and
Reduces IL-10 Levels

TNF-« and IL-6 in the S. pneumoniae infection group
were higher (p < 0.01), indicating that S. pneumoniae in-
fection can stimulate microglia to produce TNF-« and IL-6,
thereby triggering an inflammatory response (Fig. 1A,B).
IL-4 in the S. preumoniae infection group was lower (p <
0.01), indicating that S. pneumoniae infection can reduce
the production of IL-4 by microglia, thereby weakening
the anti-inflammatory response (Fig. 1C). ELISA results
showed that the release of LDH in the S. pneumoniae infec-
tion group was higher (p < 0.01), indicating that S. pneu-
moniae infection can cause damage and death of microglia
(Fig. 1D). IL-10 in the control group was higher (p < 0.01)
than that in the S. pneumoniae infection group, indicating
that S. pneumoniae infection can reduce the production of
IL-10 by microglia (Fig. 1E).

1L-10 Inhibits the TAK1/NF-xkB Pathway to Reduce
the Inflammatory Response of'S.
pneumoniae-Induced Microglia

TNF-a and IL-6 were highest (p < 0.01) in the S.
pneumoniae infection group, while they were reduced (p
< 0.05) in the S. pneumoniae + 1L-10 group (Fig. 2A,B).
This suggests that S. pneumoniae infection stimulated mi-
croglia to produce TNF-« and IL-6, and the addition of IL-
10 partially inhibited TNF-« and IL-6. IL-4 was lowest
(p < 0.05) in the S. pneumoniae infection group, while it
increased (p < 0.05) in the S. pneumoniae + IL-10 group.
The addition of IL-10 partially restored the production of
IL-4 (Fig. 2C). The S. pneumoniae infection group released
the most LDH from BV-2 microglia, while the release of
LDH was reduced (p < 0.01) in the S. pneumoniae + IL-
10 group (Fig. 2D). These results indicate S. pneumoniae
infection causes damage and death in microglia. The addi-
tion of IL-10 partially reduced cell damage. Western blot
analysis of cell lysates was performed to detect changes in
TAK1/NF-xB pathway-related proteins. 24 h after S. pneu-
moniae infection, p-TAK1, and p-p65 were upregulated (p
< 0.01) compared to the control group. IL-10 inhibited the
activation of the TAK1/NF-xB pathway (Fig. 2E).
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Fig. 3. The autophagy induced by S. pneumoniae infection was inhibited by IL-10. (A) Light chain 3 (LC3), Beclinl, and autophagy-
related gene 5 (ATGS) expression. (B) Representative images and Immunofluorescence (IF) analysis of LC3. White arrows indicate the
green staining of LC3 puncta. Scale bar = 10 pm. N =5. *p < 0.05, **p < 0.01.
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Fig. 4. IL-10 attenuated Bredeldin A-induced autophagy. BV-2 microglial cells were incubated for 2 hours with Brefeldin A and then
infected with S. pneumoniae at an MOI of 50 for 8 hours. (A,B) Levels of TNF-a (A) and IL-6 (B). (C) LDH levels. N=5. **p < 0.01.
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Fig. 5. IL-10 inhibits inflammation and autophagy during S. pneumoniae-induced meningitis in mice. Meningitis was induced by
intraventricular injection of S. pneumoniae in C57BL/6 mice and intraventricularly injected with IL-10. (A) The clinical disease status.
(B) The water content of the brain was evaluated 24 hours after the S. pneumoniae infection. (C,D) Levels of TNF-« (C) and IL-6 (D)
in the brain tissue homogenate were measured by enzyme-linked immunosorbent assay (ELISA). (E) LDH level. (F,G) Expression of
Beclinl (F) and ATG5 (G). N=5. *p < 0.05, **p < 0.01.
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The Autophagy Induced by S. pneumoniae Infection
was Inhibited by IL-10

LC3, Beclinl, and ATG5 were analyzed by western
blot. In the S. pneumoniae infection group, LC3-II/LC3-1
were higher (p < 0.05), as well as Beclinl and ATGS. How-
ever, in the S. pneumoniae + 1L-10 group, LC3-II/LC3-1
were decreased (p < 0.01), along with Beclinl and ATGS
(Fig. 3A). These results indicate that [L-10 can inhibit the
autophagy process in microglia induced by S. pneumoniae
infection. In Fig. 3B, BV-2 cells were stained with anti-LC3
antibodies to observe the formation of anti-LC3 puncta.
More anti-LC3 puncta (green) were formed in BV-2 cells
after 24 hours of S. pneumoniae infection. However, in the
S. pneumoniae + IL-10 group, the formation of anti-LC3
puncta was reduced.

IL-10 Attenuated Bredeldin A-Induced Autophagy

Bredeldin A, an autophagy inducer, was used to acti-
vate the autophagy process in BV-2 microglial cells to ob-
serve the effects of IL-10-mediated inhibition of autophagy
on S. pneumoniae infection. In the S. pneumoniae group,
TNF-q, IL-6, and LDH were higher (p < 0.01). However,
in the S. preumoniae + 1L-10 group, after 24 hours, TNF-a,
IL-6, and LDH were decreased (p < 0.01). In the S. pneu-
moniae + IL-10 + Bredeldin A group, TNF-a, IL-6, and
LDH were further increased (Fig. 4A—C). These results in-
dicate that IL-10-mediated inhibition of autophagy can re-
duce the release of inflammatory mediators and microglial
damage caused by S. pneumoniae infection.

IL-10 Suppresses Inflammation and Autophagy
during S. pneumoniae Meningitis in Mice

Spontaneous locomotor activity is one of the indica-
tors used to assess mouse health condition. After 24 hours
of S. pneumoniae infection, the spontaneous locomotor ac-
tivity of mice decreased (p < 0.01). However, the S. preu-
moniae + IL-10 group was partially restored (Fig. SA). Af-
ter 24 h of S. pneumoniae infection, the water content of
brain tissue was increased (p < 0.01). However, in the S.
pneumoniae + IL-10 group, the water content of brain tis-
sue was reduced (p < 0.01) (Fig. 5B). In the S. pneumoniae
24-h group, TNF-q, IL-6, and LDH increased (p < 0.01).
However, in the S. pneumoniae + 1L-10 group, TNF-a, IL-
6, and LDH were reduced (p < 0.01) (Fig. 5C-E). Detect
Beclinl and ATG) in brain tissue homogenates from differ-
ent treatment groups. In the S. preumoniae 24-h group, Be-
clinl, and ATG5 were increased (p < 0.01). However, in the
S. pneumoniae + 1L-10 group, Beclinl and ATGS5 were re-
duced (p < 0.01) (Fig. 5SF,G). These results suggest that IL-
10 can suppress autophagy-related proteins in mouse brain
tissue during S. pneumoniae infection.
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Discussion

Bacterial meningitis is a severe neurological infection,
and its pathogenesis is closely related to inflammatory re-
sponses and microglial activation [23-25]. In this study,
we found that IL-10 reduces the inflammatory response of
microglia by inhibiting the TAK1/NF-xB pathway. This
finding is of importance for a deeper understanding of the
immunoregulatory role of IL-10 and its potential in treating
inflammatory diseases.

IL-10 is an immunoregulatory factor [8]. IL-10 can
inhibit various immune cells’ activation and inflammatory
response, including microglia [11,26-28]. Microglia play a
crucial role in neurodegenerative diseases [29,30]. There-
fore, exploring the mechanisms of IL-10 in microglia is of
great significance for understanding the role of immune reg-
ulation and inflammation in neurological diseases [31]. Our
results showed that IL-10 treatment inhibits the activation
of the TAK1/NF-xB pathway in microglia. TAK1 is a key
signaling molecule that regulates various cellular signaling
pathways, including the NF-xB pathway [32]. Our find-
ings suggest that IL-10 can inhibit the activation of NF-xB
by suppressing TAK1 activation, thereby reducing the in-
flammatory response of microglia. This discovery reveals
the crucial role of IL-10 in regulating the inflammatory re-
sponse of microglia.

Degradation of the endoplasmic reticulum (ER),
termed ER-phagy (reticulophagy), has been found to play
a vital role in human sensory neuropathy. Endoplasmic
reticulum stress inducer brefeldin A (BFA) blocks pro-
tein transport between the ER and Golgi apparatus [33].
We also found that IL-10 treatment promotes autophagy
in microglia brefeldin A-induced. Autophagy is a cel-
lular garbage clearance mechanism that maintains cellu-
lar homeostasis by degrading and recycling damaged pro-
teins and organelles [18]. Autophagy also plays an im-
portant role in immune regulation and inflammation [34].
Our results showed that IL-10 treatment reduces the ac-
cumulation of the autophagy-related protein LC3-II in mi-
croglia, suggesting that IL-10 can regulate the inflamma-
tory response of microglia by inhibiting autophagy. We
also found that IL-10 treatment reduces the production of
inflammatory factors in microglia, including LDH, IL-6,
and TNF-a. This further confirms the anti-inflammatory
effects of IL-10. Our results indicate that IL-10 can reduce
microglia’s inflammatory response and damage by inhibit-
ing the TAK1/NF-xB pathway and suppressing autophagy.
Our cell-level findings and animal experiments further val-
idate the anti-inflammatory effects of IL-10, indicating its
potential in the treatment of inflammatory diseases.

Although our study provides new evidence for the po-
tential of IL-10 in the treatment of inflammatory diseases,
there are still some limitations. As an immune regulatory
factor, IL-10 may have immunosuppressive side effects
during treatment. Therefore, further research is needed to
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investigate the safety and dosage selection of IL-10. In
addition, our study did not explore other potential signal-
ing pathways and factors involved in microglial activation
and inflammatory response. Therefore, further research
is needed to investigate other potential regulatory mecha-
nisms.

Conclusion

In conclusion, our findings demonstrate that IL-10 re-
duces the inflammatory response in microglia by inhibiting
the TAK1/NF-xB pathway. This discovery is of great im-
portance for further understanding the immunoregulatory
role of IL-10. Further research on the mechanisms of IL-
10 action and its therapeutic efficacy in animal models will
contribute to a better understanding of its potential in the
treatment of inflammatory diseases. However, further stud-
ies are needed to investigate the safety, dosage selection,
and other potential regulatory mechanisms of IL-10 to ex-
ploit its therapeutic potential fully.
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