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Background: Breast cancer is one of the most common cancer with high risk in females all
over the world. It is usually complicated with depression, which can further accelerate the
development and progression of breast tumors. We aim to identify a new drug and identify its
functional mechanism in the regulation of hippocampal microglia (MG) in breast cancer
complicated with depression (BCCD).

Methods: The activation model of MG was established by treatments from corticosterone
(CORT) or lipopolysaccharides (LPS). The inhibitory effects of resatorvid on MG were
investigated by CCK-8, ROS, immunofluorescence, TUNEL, scratch test, ELISA, RT-qPCR
and Western blot. BCCD animal model was established using 4T1 inflammatory breast
cancer cells and CORT treatment in vitro. Open field experiment (OFE), tail suspension
test (TST), ELISA, RT-qPCR and Western blot experiments were utilized to examine the
effects of resatorvid on the animal model in vivo.

Results: The cell viability and migration ability of the BCCD model group were suppressed.
The expressions of inflammatory factors, ROS, and the apoptotic rate of the BCCD model
group were up-regulated, in contrast to the control group. The expressions related to the
TLR4/NF-«kB/NLRP3 signaling in the BCCD model group were also elevated. Resatorvid
reversed the above changes, which showed good therapeutic effects in depression-related
behavioral changes, tumor treatment, and blood—brain barrier function.

Conclusion: In summary, resatorvid inhibited the activation of hippocampal MG in BCCD
by regulating TLR4/NF-kB/NLRP3 signaling pathway.

Keywords: resatorvid, breast cancer complicated with depression(BCCD), microglia(MG),
TLR4/NF-«kB/NLRP3 signaling pathway

Introduction

Breast cancer is regarded as one of the most common cancer types in females
worldwide.! Depression, characterized by long-term depression and cognitive
impairment,” greatly affects the social interaction and life quality of cancer
patients.® At present, a non-negligible amount of breast cancer patients are accom-
panied with depression.* ® The clinical therapies of breast cancer complicated with
depression (BCCD) usually rely on anti-depressant drugs after breast cancer surgery
or chemotherapy.”® However, the psychological status of depressed patients
reduces their compliance with drugs and increases the difficulties of treatment,
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which limits the effects.

Therefore, it is valuable to discover more effective drugs

significantly therapeutic
to improve the outcome in BCCD patients.

Neuroimmunity is one of the most important patholo-
gical basis in the occurrence and development of BCCD.’
Hippocampal microglia (MG) are the main immune cells
of the central nervous system, which can provide nutri-
tional support for neurons.'® MG could defend itself, and
play a crucial role in immune surveillance to keep
a steady-state environment of the central nervous
system.'" The activation of MG exerts important effects
in depression, which urges us to identify a new drug to
inactivate MG and examine its potential therapeutic out-
come in BCCD.

The innate immune system includes several types of
pattern recognition receptors (PRRs), including mem-
brane-bound Toll-like receptors (TLRs) and nucleotide-
binding oligomerization domain-like receptors.'> TLR4,
a critical member of TLRs family widely distributed in
the brain, is a key mediator of MG activation. It could
affect the hosts’ immune response by activating down-
stream signaling pathways and mediating innate immune
responses.'> It could also lead to changes in neurons and
behavior through the generation of inflammatory factors
and induction of depression and anxiety.'*'® Resatorvid
(TAK-242), a small-molecule-specific inhibitor of TLR4
signal transduction, could inhibit the production of inflam-
matory mediators by binding to the intracellular domain of
TLR4." TAK-242 could prevent tumor invasion in
patients with breast cancer, with great potential to become
a new promising target in cancer treatment strategies.?’
However, its exact molecular function in BCCD has not
been fully evaluated. Therefore, we plan to utilize resator-
vid to block the TLR4 pathway and identify its role in
BCCD.

NLRP3 inflammasomes acted as vital signaling mole-
cule downstream of TLR4, which promotes the maturation
of inflammatory cytokines. Fu et al have shown that tetra-
methylpyrazine could improve depression by inhibiting the
TLR4-NLRP3 inflammatory signal pathway in mice.”'
NF-xB also plays an important role in the treatment of
neuroinflammation. Many drugs take the advantages of
the inhibition of NF-xB
neuroinflammation.?? In this research, the roles and rela-
tionship between resatorvid and TLR4/NF-«xB/NLRP3
pathway were examined in BCCD. Our research may pro-

activity to  suppress

vide a new method for the treatment of BCCD and help
breast cancer patients in the future.

Materials and Methods

Experimental Cells and Animals

4T1 cell (Catalog No. ZQ0201) and BV2 cell lines
(Catalog No. ZQ0397) were purchased from Shanghai
Zhonggiaoxinzhou Biotech (Shanghai, China). The cells
were cultured according to the instructions. 80 SPF
BALB/c female mice, about 46 weeks old, weighing
18-22 g, were purchased from Hunan Slack Jingda
Experimental Animal Co., Ltd. Laboratory. This study
was approved by the Hunan SJA Laboratory Animal Co.,
Ltd, with the license number of NO. IACUC-1,710,168.
The animal license number and certificate number were
SCXK (Hunan) 2013-0004 and 43004700024756, respec-
tively. This study was conducted in strict accordance with
the use of experimental animals. Animals were fed for 5
days from the date of purchase adaptively. They were
maintained at a room temperature (25+2) °C, with relative
humidity of about 55% and the 12h/12h light-dark cycle.
They had free access to food and water.

Materials and Drugs

Resatorvid (Catalog No. 243,984—11-4) and Corticosterone
(CORT, Catalog No. 50-22-6) were obtained from BOC
Sciences, USA. Lipopolysaccharides (Catalog No.
L118716) were purchased from Aladdin (Shanghai, China).
Fluoxetine (Patheon France, approval number: 8742A,
20mg/capsule) was purchased from the First Hospital of
Hunan University of Chinese Medicine. Paclitaxel (approval
number: H20051076, specification 30mg/bottle) was pur-
chased from Hunan Cancer Hospital. CCK-8 (Catalog No.
HY-KO0301) kit was obtained from MedChemExpress, USA.
ELISA kits of IL-6 (96T, Catalog No. HO07) and IL-10 (96T,
Catalog No. HO09) were obtained from Nanjing Jiancheng
Bioengineering Institute. ROS kit (Catalog No. E004-1-1)
was obtained from Nanjing Jiancheng Bioengineering
Institute. TUNEL kit (40306ES50) was purchased from the
Shanghai Yeasen Bio Technologies Co., Ltd (Shanghai,
China).

BV2 Cell Activation Model and Drug

Treatment

We divided the BV2 cells into four groups, including the
BV2, the LPS+4T1 supernatant, the CORT, and the
BCCD model. Among them, cells in the LPS+4T1 super-
natant group were treated with 10ug/mL LPS to stimu-
late the 4T1 supernatant for 6 hours. The CORT group
cells were treated with 200 pM CORT. The cells in the
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BCCD model group were treated with 10 ug/mL LPS
stimulated 4T1 for 6 hours and 200 uM CORT at the
same time. In the drug treatment part, we divided BV2
cells into 5 groups, including the control group, the
DMSO group, the BCCD model group, the positive
drug (paclitaxel + fluoxetine) group, and the resatorvid
group. The supernatant of 4T1 was treated by 10 pg/mL
LPS for 6 hours. The cells in the BCCD model group
were treated with 200 uM CORT and the above super-
natant. The cells in the positive drug group were treated
with 200 pM fluoxetine and 200 uM paclitaxel based on
the BCCD model group treatment. The cells in the resa-
torvid group were pretreated with 10 pg/mL resatorvid
for 30 minutes, then 200uM CORT and the supernatant
of 4T1 were added. The above groups were used for the
detection of various indicators after 18 hours of drug

intervention.

Construction of BCCD Animal Model

and Drug Treatment

BALB/c mice were used for modeling. For this, 0.1 mL of
107 cells/mL 4T1 inflammatory breast cancer cells were
inoculated in their armpits. Tumor formation was observed
7 days later. After successful completion of the mouse
model of breast cancer, mice in the depression group and
tumor-forming mice were injected with CORT suspension
subcutaneously on the back at 30 mg/kg. The administra-
tion volume was 20 mL/kg. The drug was administered for
21 consecutive days, to further create a simple depression
model and a BCCD mouse model. After 5 days of adaptive
feeding, we divided the mice stochastically into eight
groups on the basis of their consumption of sugar and
water (n=10). The groups included the control group, the
depression group, the breast cancer group, the BCCD
group, the paclitaxel group, the fluoxetine hydrochloride
group, the paclitaxel combined with fluoxetine hydrochlor-
ide (Pac+Flu) group, and the resatorvid group. Mice in the
paclitaxel group were given paclitaxel liposomes for injec-
tion, intraperitoneally at a dose of 20 mg/kg once a week.
Mice in the fluoxetine hydrochloride group were given
fluoxetine hydrochloride, at a dose of 7.8 mg/kg once
a day. The resatorvid group’s mice were injected with
resatorvid intraperitoneally at the equivalent dose of
3 mg/kg mice once a day. The control group, the depres-
sion group, the breast cancer group and the BCCD group
were all given equal volume of distilled water by gavage.

Each group was tested for various indicators after 3 weeks
of treatment.

Blood was taken from the orbit of all mice. The super-
natants were taken according to the conventional
method.* The hippocampus tissue of all mice was taken
out. They were quickly frozen in liquid nitrogen after
aliquoting and transferred to ultra-low temperature

storage.

CCK-8 Assay

The cells were inoculated in 96-well plates at a density of
5x10° cells/well, with 5 replicate wells in each group of
100 pL per well. After 24h, the cells were processed
according to the above groups. Finally, the absorbance
(OD) value was analyzed at 450 nm on the Bio-Tek
microplate reader according to the CCKS8 instruction. The
average values were taken and the survival rate curves
were drawn.

ELISA

The cells in the resatorvid group were pretreated with 10
pg/mL resatorvid for 30 minutes, then 200uM CORT and
the supernatant of 4T1 were used to treat for 18 hours.
Mice in the resatorvid group were injected with resatorvid
intraperitoneally at the equivalent dose of 3 mg/kg once
a day. After 3 weeks of treatment, blood samples were
collected. The corresponding protein contents were
detected according to the relevant instructions of the
ELISA kit. ELISA kits of IL-6 (96T, Catalog No. H007)
and IL-10 (96T, Catalog No. H009) were obtained from
Nanjing Jiancheng Bioengineering Institute. The OD
values were read of each well at 450 nm and 630 nm
wavelengths. Then, the sample concentrations of each
well were determined through the regression equation of
the standard curve.

ROS Assay

The supernatant of 4T1 was treated by 10 pg/mL LPS for
6 hours. The cells in the BCCD model group were treated
with 200 uM CORT and the above supernatant for 18
hours. The cells in the positive drug group were treated
with 200 pM fluoxetine and 200 uM paclitaxel based on
the BCCD model group treatment. The cells in the resa-
torvid group were pretreated with 10 pg/mL resatorvid for
30 minutes, then 200uM CORT and the supernatant of 4T1
were used to treat for 18 hours. According to the DHFC-
DA probe kit instructions of ROS kit (Catalog No. E004-
1-1, Nanjing Jiancheng), the cells of each group were
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processed, collected by trypsinization, and tested by flow
cytometer.

Immunofluorescence Analysis

After the cell fixation of each group, we incubated the
primary antibody, Ibal (ab5076, abcam) and NLRP3
(19,771-1-AP, Proteintech), diluted in blocking buffer
(1:50) overnight at 4°C. Secondary antibody of anti-goat
(1:100, SA00003-3, Proteintech) and anti-rabbit-IgG
(1:200, SA00013-8, Proteintech)-labeled fluorescein was
applied the next day. Then, the nucleus of the cells was
stained with DAPI solution. The slices were mounted with
buffered glycerin, stored in the dark, and observed under
a fluorescence microscope. The co-expression situations
were analyzed by Image Pro-plus software.

TUNEL Staining

After the cell fixation of each group, the experiment was
carried out strictly according to the TUNEL kit instruc-
tions. After the nucleus was stained, the slices were
mounted with buffered glycerin, stored in the dark, and
observed under a fluorescence microscope. The number of
apoptotic cells were counted.

Wound-Healing Assay

BV2 cells were plated into 6-well plates. The supernatant of
4T1 was treated by 10 ug/mL LPS for 6 hours. The cells in
the BCCD model group were treated with 200 pM CORT and
the above supernatant for 18 hours. The cells in the positive
drug group were treated with 200 pM fluoxetine and 200 uM
paclitaxel based on the BCCD model group treatment. The
cells in the resatorvid group were pretreated with 10 pg/mL
resatorvid for 30 minutes, then 200pM CORT and the super-
natant of 4T1 were used to treat for 18 hours. After the cells
grew full in the culture dish, we scratched them with a pipette
tip, and cultured them continuously. Finally, we took pictures
and recorded at a predetermined time.

Behavioral Testing

Open field experiment (OFE) and tail suspension test
(TST) were carried out, as previously described by the
operation described by Zhang Junping.>* The experimental
data were recorded.

Western Blot Assay
We extracted and denatured the total protein in each group
of cells and tissues. After SDS-gelelectrophoresis, we trans-

ferred them to nitrocellulose membranes. Then, we

incubated the different primary antibodies including TLR4
(1:500, ab13556, Abcam, UK), NLRP3 (1:1000, ab263899,
Abcam), IL-1p (1:1000, ab234437, Abcam), IL-18 (1:4000,
60,070-1-Ig, Proteintech, USA), caspase-1 (1:1000, 22,915-
1-AP, Proteintech), NF-xB (1:2000, 10,745-1-AP,
Proteintech), ASC (lug/mL, ab175449, Abcam), Pro-
MMP9 (2ug/mL, MAB9111, R&D), Claudin5 (1:4000,
ab131259, Abcam) and f3-

actin(1:5000, 66,009-1-Ig, Proteintech)overnight 4 °C.
After washing the membranes three times, the blots were
incubated  with  fluorescent-basedanti-rabbit(1:6000,
SA00001-2, Proteintech), anti-mouse(1:5000, SA00001-1,
Proteintech) or anti-goat(1:5000, SA00001-4, Proteintech)
IgG secondary antibody at room temperature. We visualized
the proteins by chemiluminescence detection reagent
(Thermo Fisher, Waltham, MA, USA). We used Image
J software to analyze the gray value of all bands
quantitatively.

RT-gPCR Assay

RNA was extracted from tissues and cells by Trizol
(Invitrogen). Then, we used SYBR Green and corresponding
primers for RT-gPCR assay, according to a previous study.*
The PCR reaction system included 2puL template, 1uL 10uM
primer R, 11pL ddH,O, and 15uL 2x SYBGREEN PCR
Master Mix. The PCR amplification program were as

Table | Primer Sequences

Gene Sequences (5'-3')

TLR4 F:CCTGTGGACAAGGTCAGCAACTC
R:.TACACTCAGACTCGGCACTTAGCA

NLRP3 R:AAGGACCAGCCAGAGTGGAATGA
F.CTGCGTGTAGCGACTGTTGAGG

IL-18 F:ATCTCGCAGCAGCACATCAACAA
R:ACACCAGCAGGTTATCATCATCATCC

IL-18 F:ACAGGAAGGAGACGACAACAT
R:AGGCGAGAACAAGCACAGT

Caspase-1 F:CTGGTCTTGTGACTTGGAGGACATT
R:CTTCTTATTGGCACGATTCTCAGCATAG

NF-«B Rela F:AGCACAGATACCACCAAGACA
R-TCAGCCTCATAGTAGCCATCC

ASC F.CTACTATCTGGAGTCGTATGGCTTGGA
RAATCTTGTCTTGGCTGGTGGTCTCT

P-Actin F.CGTTGACATCCGTAAAGACC
R:AACAGTCCGCCTAGAAGCAC
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follows: 10 minutes at —95 °C; 15 s at —95 °C, 30 s at —60 °C
(40 cycles). The primer sequences were as follows (Table 1).

Statistical Analysis

The SPSS 21.0 software was used for statistical analysis of
the data, and the measurement data were expressed as
mean *+ standard deviation. One-way ANOVA analysis
was used to compare multiple groups. P<0.05 indicated
that there was a statistical difference between the results.

Results
Establishment of BV2 Cell Activation

Model

As shown in Figure 1A, the cell viability of the BV2+LPS/
4T1 group and the BCCD model group was observably
reduced compared with the BV2 group. ELISA results
(Figure 1B) showed that the level of IL-1p, IL-18, IL-6
and IL-10 in the BV2+LPS/4T1 group and the BCCD
group was significantly increased in contrast with the
BV2 group. As shown in Figure 1C, the average fluores-
cence intensity of ROS in the BV2+LPS/4T1 group and
the BCCD group increased in contrast to the BV2 and the
BV2+CORT group. From the
images, the co-expression of NLRP3 and Iba-1 protein in

immunofluorescence

the BV2+LPS/4T1 group was up-regulated compared to
the control (Figure 1D). TUNEL staining (Figure 1E)
results showed the BCCD group had obvious MG apopto-
sis. The positive rate of TUNEL increased, indicating that
cells in the BV2+LPS/4T1 group and the BCCD model
group were damaged to varying degrees. In summary, we
successfully established a model of MG activation in
a simulated BCCD environment. It can be used to further
explore the mechanism of inflammatory response activated
by MG in BCCD.

Resatorvid Reversed the Damage of

BCCD to BV2 Cells

In Figure 2A, CCK-8 results demonstrated that the cell viabi-
lity in the BCCD model group was decreased compared with
the control group. In the resatorvid group and the positive drug
group, the cell viability was improved compared with the
BCCD model group. According to Figure 2B, the average
fluorescence intensity of ROS in the BCCD group increased,
different from the control group. However, the average fluor-
escence expression intensity of ROS in the resatorvid group
and the positive drug group decreased visibly compared with
the model group. Resatorvid could down-regulate the

oxidative stress level under the simulated BCCD environment.
From Figure 2C, the co-expression of NLRP3 and Iba-1
protein in the cells of the BCCD model group was overtly
raised in contrast to the control. After treatment in resatorvid
and the positive drug groups, the co-expression level of
NLRP3 and Iba-1 alleviated significantly. TUNEL staining
results suggested that the TUNEL positive rates in the
BCCD model group were clearly elevated compared with
the control group. In the resatorvid group and the positive
drug group, TUNEL positive rates were markedly reduced
(Figure 2D). It revealed that resatorvid had certain protective
effects on MG. Its mechanism of drug action may be achieved
by reducing MG apoptosis. The results of the scratch experi-
ment showed that the healing speed of scratches in the BCCD
model group was slower than the control (Figure 2E). The
scratches healed faster in the resatorvid and positive drug
groups than the BCCD model group. The cells of the BCCD
model group suffered different degrees of damage compared
to the control. However, resatorvid and the positive drug group
could reverse this damage to a certain extent.

Resatorvid Inactivated Inflammatory
Factors and TLR4/NF-kB/NLRP3 Signaling
Pathway in BV2 Cells

In contrast to the control group, the expression levels of
inflammatory factors IL-1B3, IL-18, IL-6, and IL-10 in the
cell supernatant of the BCCD model group were up-
regulated. The positive drug and resatorvid group could
reverse this transformation (Figure 3A). Compared to the
control, the expression of TLR4, NLRP3, IL-1B, IL-18,
caspase-1, NF-kB, ASC mRNA and protein in the BCCD
model group increased (P<0.05). The expression level of the
above genes and proteins in the positive drug and resatorvid
group decreased visibly (Figure 3B and C). In summary, the
cells in the BCCD model group were abnormally activated
with more inflammatory factors. TLR4/NF-kB/NLRP3 sig-
naling pathway-related proteins were activated accordingly.
Resatorvid could reverse this change to a certain extent.

Resatorvid Alleviated the Symptom of
BCCD Mice in vivo

The mice in all groups had tumor formation excluded from
the control and the depression. Tumor size in the groups of
the paclitaxel, fluoxetine hydrochloride, Pac+Flu and resa-
torvid were reduced compared with the model group
(breast cancer and BCCD). Positive drug and resatorvid
had certain therapeutic effects on mice of BCCD (Figure
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4A). The number of crossing panels and the times of
straighten in the depression group and the BCCD model
group were obviously reduced compared with the control.
After the corresponding treatments, the number of crossing
panels and the times of straighten in the groups of pacli-
taxel, fluoxetine hydrochloride, Pac+Flu and resatorvid
groups were up-regulated obviously in contrast to the
BCCD model group (Figure 4B and C). Mice in BCCD
had fewer activities, with less desire to explore. Their fear
of new environment tension increased significantly in the
new environment. Resatorvid relieved the above symp-
toms of BCCD mice. In contrast to the blank group, the
total immobility times of mice in each group of model
groups increased in the TST. The immobility times of the
therapeutic groups, especially the resatorvid group, were
markedly shorter than those in the BCCD group
(Figure 4D). The above results suggested that BCCD
mice had a state of desperate behavior. Resatorvid
improved the desperate state of BCCD mice.

To detect the content of tumor markers, the models
were evaluated and the intervention effects of different
drugs on mice tumors were discussed. In contrast with
the control group, the tumor markers, CEA and CA15-3,
of the breast cancer group and the BCCD model group
were clearly raised (Figure 4E). The expression of tumor
markers in the paclitaxel, fluoxetine hydrochloride, Pac
+Flu and resatorvid groups were down-regulated in con-
trast to the BCCD groups. MMP9 and Claudin5 are one of
the important markers of the blood-brain barrier function
structure. As shown in Figure 4F, the expressions of Pro-
MMP9 and Claudin5 in the hippocampus of the depression
group, breast cancer group and BCCD model group were
all down-regulated compared with the control group. In
contrast to the BCCD group, the expressions in the pacli-
taxel, fluoxetine hydrochloride, Pac+Flu and resatorvid
increased markedly. Resatorvid improved the blood-brain
barrier damage in BCCD mice by up-regulating the
expression of Pro-MMP9 and Claudin5. Resatorvid could
improve the damage to mice suffered from BCCD.

Resatorvid Inactivated Inflammatory
Factors and TLR4/NF-xB/NLRP3 Signaling

Pathway in vivo

According to Figure 5A, the serum level of IL-1p, IL-18,
IL-6 and IL-10 in the depression group, the breast cancer
group and the BCCD group increased obviously compared
with the control group. However, the Pac+Flu and

resatorvid groups could reverse the transformations. As
shown in Figure 5B, the expression of TLR4, NLRP3,
IL-1pB, IL-18, caspase-1, NF-kB and ASC mRNA in the
hippocampus of each group increased compared to the
control. The mRNA of each index in the hippocampus of
the mice in the Pac+Flu and resatorvid group were sig-
nificantly attenuated, in contrast to the BCCD group. The
expression of hippocampal TLR4, NLRP3, IL-1p, IL-18,
caspase-1, NF-kB and ASC protein increased in the
depression, the breast cancer group and the BCCD model
group, while the resatorvid reversed the transformation,
suggesting that resatorvid effectively reduced the level of
inflammation in the brain (Figure 5C and D). Altogether,
the results indicated that the therapeutic effects of resator-
vid might be related to TLR4/NF-xB/NLRP3 signaling
pathway.

Discussion
Darcet et al showed that subcutaneous injection of CORT
could simulate the hippocampal function and structure

damage caused by stress,”®

avoiding the adaptive phenom-
enon of physical stress. Mice with breast cancer showed
depression symptoms, changes in monoamine neurotrans-
mitters, variations in breast cancer marker levels after
CORT injection.?” The activation of MG in the brain was
one of the most important pathogenesis of central nervous
system inflammation. In our study, 4T1 cells/LPS and
CORT were selected to simulate MG in the BCCD envir-
onment. The number of autonomous activities of BCCD
mice decreased, and the time of tail suspension increased.
CEA and CA15-3 of BCCD mice increased, indicating
that the animal experimental model was successfully con-
structed. In the simulated BCCD environment, MG cells
were activated. The inflammatory level was obviously
increased, which demonstrated a significant immune
activation.

Giiney et al have shown that curcumin suppressed the
metastasis of breast cancer by down-regulating TLR4.%
Wu et al found that the expression level of TLR4/MyD88
was strongly associated with breast cancer cell metastasis.?’
Wang et al also showed that the extremely active TLR4-NF
-kB signaling pathway and inflammatory cytokines were
closely related to depression.*® In our study, the combina-
tion of paclitaxel and fluoxetine was used as the positive
control groups. The effects of resatorvid were studied based
on the behavior, anti-tumor effects, inflammatory factors,
ROS, cell activity and the TLR4/NF-«B/NLRP3 signaling
pathway in BCCD. Resatorvid could improve MG
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neuroinflammation in BCCD mice in a variety of aspects
including morphology, structure, and function. It also
showed that resatorvid regulated the expression of tight
junction proteins Claudin5 and Pro-MMP9 on microvessels
by improving the levels of immune inflammatory factors in
the BCCD microenvironment.

Accumulative evidence suggests that the NF-xB sig-
naling pathway is the main inflammation signaling path-
way. NF-kB enters the nucleus after activation, thereby
promoting the expression of inflammatory genes.®' In the
process of inflammatory disorders in the central nervous
system, the expression of TLR4 was a ligand for the
body’s immune response.’> NLRP3 is mainly expressed
on MG, acting as the basis of complement-mediated IL-1§
activation in the posterior brain.*> NLRP3 inflammasome
might affect the downstream inflammatory response
through the NF-kB signaling pathway and participate in
the occurrence and development of depression.** The
above studies all suggested the possible therapeutic effects

of TLR4 inhibitors. Our experiments revealed the expres-
sion level of TLR4/NF-kB/NLRP3 signaling pathway. The
expression of NF-kB in the resatorvid drug group was
down-regulated. Resatorvid could reduce the inflammatory
state of MG and improve the inflammatory environment in
the brain. It could also effectively alleviate the immune
inflammation of BCRD mice to achieve anti-inflammatory,
anti-tumor and anti-depressive effects.

Furthermore, the treatment of sex steroid receptors has
attracted great attention to breast cancer.” Studies have
shown that the regulation of estrogen and NF-kB p65/
IKKa signaling pathway may become an effective way to
treat breast cancer.®>° Drugs that are effective in treating
neuroinflammation may regulate the NF-xB p65/IKKa sig-
naling pathway through androgen and estrogen receptors to
inhibit neuroinflammation in hippocampus.’’>° In future
research, we will further study the effects of resatorvid on
steroid receptors and related proteins to discover more effec-
tive therapeutic methods to treat BCCD.
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Conclusion

In this study, we simulated MG in BCCD environment and
established BCCD animal models in vitro and in vivo
successfully. We studied the possible mechanism of resa-
torvid interfering with the activation of hippocampal MG
in BCCD based on TLR4/NF-kB/NLRP3 signaling. The
experimental and modeling data demonstrated that resator-
vid inhibited the abnormal activation of BCCD hippocam-
pal MG by suppressing TLR4/NF-«B/NLRP3 signals.
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