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Background. Sepsis, which could cause a systemic inflammatory response, is a life-threatening disease with a high morbidity and
mortality rate. There is evidence that brain injury may be related to severe systemic infection induced by sepsis. The brain injury
caused by sepsis could increase the risk of mortality in septic patients, which seriously affects the septic patient’s prognosis of
survival. Although there remains a focus on sepsis research, clinical measures to prevent and treat brain injury in sepsis are
not yet available, and the high mortality rate is still a big health burden. Therefore, it is necessary to investigate the new
molecules or regulated pathways that can effectively inhibit the progress of sepsis. Objective. NLR family pyrin domain-
containing 3 (NLRP3) increased in the procession of sepsis and functioned as the key regulator of pyroptosis. Heat shock
factor 1 (HSF1) can protect organs from multiorgan dysfunction syndrome induced by lipopolysaccharides in mice, and
NLRP3 could be inhibited by HSF1 in many organs. However, whether HSF1 regulated NLRP3 in sepsis-induced brain injury,
as well as the detailed mechanism of HSFI in brain injury, remains unknown in the sepsis model. In this research, we try to
explore the relationship between HSF1 and NLRP3 in a sepsis model and try to reveal the mechanism of HSF1 inhibiting the
process of brain injury. Methods. In this study, we used wild-type mice and hsf1”" mice for in vivo research and PC12 cells for
in vitro research. Real-time PCR and Western blot were used to analyze the expression of HSF1, NLRP3, cytokines, and pyrolytic
proteins. EthD-III staining was chosen to detect the pyroptosis of the hippocampus and PC12 cells. Results. The results showed
that HSF1 is negatively related to pyroptosis. The pyroptosis in cells of brain tissue was significantly increased in the hsfl”~ mouse
model compared to hsfI™" mice. In PCI2 cells, hsfl siRNA can upregulate pyroptosis while HSF1-transfected plasmid could
inhibit the pyroptosis. HSF1 could negatively regulate the NLRP3 pathway in PC12 cells, while hsfl siRNA enhanced the
pyroptosis in PC12 cells, which could be reversed by nlrp3 siRNA. Conclusion. These results imply that HSF1 could alleviate
sepsis-induced brain injury by inhibiting pyroptosis through the NLRP3-dependent pathway in brain tissue and PCI12 cells,
suggesting HSF1 as a potential molecular target for treating brain injury in sepsis clinical studies.
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1. Introduction

Sepsis is a life-threatening disease with a high morbidity and
mortality rate [1, 2]. The pathogenesis of sepsis is extremely
complicated due to the dysregulation of the body’s response
to infection [3-5]. In sepsis, immune dysfunction, coagula-
tion dysfunction, and systemic inflammatory network effect
induce damage to its tissues and organs [6-9]. The mecha-
nism of brain impairment among patients with sepsis was
still unclear, and brain injury could increase the risk of mor-
tality in septic patients. There was evidence that brain injury
may be related to severe systemic infection induced by sep-
sis, which could cause a systemic inflammatory response
[10-13]. However, the exact pathophysiology of brain injury
in sepsis was complex, and the possible processes cause brain
injury by increasing the expression of proinflammatory
cytokines (interleukin (IL) family), including oxidative
stresses and the damaging of the blood-brain barrier (BBB)
structure [14-16]. Therefore, it is necessary to investigate
the new molecules or regulated pathways that can effectively
inhibit the progress of sepsis to form brain injury.

In recent years, heat shock proteins (HSPs) have become
an interesting topic in the development of new treatments for
sepsis [17]. The induction of HSPs responsible for matura-
tion, antioxidative protection, adiposis, etc., can be signifi-
cantly affected by harmful stress such as reactive oxygen
species (ROS) and inflammation [18-20]. Interacting with
other signaling pathways, HSPs can produce a collective
response against harmful stress like sepsis [21-25]. HSPs
are evolutionarily conserved and involved in the cellular pro-
tective mechanism of heat shock response (HSR) to maintain
protein homeostasis in almost all eukaryotic cells. Heat shock
factor 1 (HSF1) plays a key role in the HSR, and thus, HSP
expression is highly dependent on HSF1 regulation [26-28].
HSF1 can spontaneously interact with a complex of chaper-
one proteins HSP90, HSP70, and HSP40, preventing it from
binding to DNA. Facts have proved that HSF1 can protect
organs from multiorgan dysfunction syndrome induced by
lipopolysaccharides (LPS) [29]. Furthermore, inhibiting
HSF1 in mice prevents HSP induction and makes cells
vulnerable to proteotoxic stress [23]. It is evident that
HSF1 decreases the production of inflammatory mediators
to attenuate the inflammatory responses caused by LPS,
and HSF1 exerts protective effects against brain dysfunc-
tion in sepsis [30]. However, the exact mechanism needs
to be clarified.

The NLRP3 inflammasome mainly exists in immune and
inflammatory cells following inflammatory activation
[31-33]. NLRP3 can respond to various stimuli such as viral
RNA, lysosomal damage, and ROS [34-36]. The NLRP3
inflammasome increased in the procession of sepsis and
functioned as the key regulator of pyroptosis [37-39].
Pyroptosis, playing a protective role in host defense during
infection, is an inflammatory form of regulated cell death
(RCD) [40-45]. Mature IL-18 is cleaved by the activated
NLRP3/caspasel pathway, and the cleaved IL-1p is released
through the pore in the cell membrane and induces pyropto-
sis [46-48]. Abnormal pyroptosis is harmful to normal cells
and organs, and so it is necessary to keep the pyroptosis
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within the limits of homeostasis. Downregulated NLRP3
can suppress pyroptosis and protect the endothelium from
early sepsis, and the inhibition of the NLRP3 inflammasome
can prevent sepsis [38, 49]. Moreover, HSF1 can regulate the
innate immunity of the NLRP3 inflammasome, leading to
the protection of sepsis [50]. HSF1 could protect many
organs such as the liver, lung, and kidney in the sepsis ani-
mal model. However, whether HSF1 could alleviate brain
injury in sepsis remains revealed [51]. The clinical measures
to prevent and treat brain injury induced by sepsis are not
yet available, which is still a big health burden in treating
sepsis [12-15]. It is very important to find a possible molec-
ular pathway for alleviating pyroptosis through NLRP3 in
brain tissue and nerve cell lines, which can shed light on
the mechanism to protect brain tissue in sepsis.

2. Materials and Methods

2.1. Cell Culture. PC12 pheochromocytoma cells were cul-
tured in DMEM culture media (Life Technologies, Carlsbad,
CA, USA) supplemented with 10% fetal bovine serum (FBS;
Life Technologies) at 37°C, 5% CO,. When the PC12 cells
had grown to approximately 80% density, they were sub-
jected to LPS-different times (a 12h point was chosen for
further research)/adenosine triphosphate (ATP)-1h treat-
ment, including small interfering RNA (siRNA) or plasmid
transfection, respectively.

2.2. Cell Transfection. Cells (n=5 for each group) were
transfected with mouse HSF1-overexpressing plasmids
(GeneChem, Shanghai, China) and siRNA as described pre-
viously [52]. When the PC12 was approximately 70% to 80%
confluent, the siRNA and plasmids were transfected with
Lipofectamine 3000 (Invitrogen, Carlsbad, CA, USA).

2.3. Real-Time Reverse Transcription-Polymerase Chain
Reaction (PCR). The total RNA of the PC12 (n =5 for each
group) or hippocampus (n =3 for each group) was isolated
with the TRIzol reagent (Life Technologies), and reverse
transcription was performed using oligo-dT primers with
Superior III RT Supermix (Innogene Biotech, Beijing,
China). Real-time PCR was performed using the Eppendorf
realplex with UltraSYBR Mixture (Toyobo Co., Osaka,
Japan), and the expression was quantified compared to the
housekeeping gene (f-actin) for mRNA. The primer
sequences used for qPCR were as follows (Table 1).

2.4. Western Blot Assay. The total protein of the PC12 (n =5
for each group) or hippocampus (n = 3 for each group) was
extracted and separated on a 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) with a con-
stant voltage of 75V. The electrophoresed proteins were
transferred to nitrocellulose membranes with a transfer
apparatus (Bio-Rad, Hercules, CA, USA). The membranes
were blocked with 5% nonfat milk in Tris-buffered saline
(pH 7.5) with 0.05% Tween 20 for 2 hours at room temper-
ature. Primary antibodies, including HSF1, NLRP3, IL-1,
caspasel, and GAPDH (Proteintech, Chicago, IL, USA),
were diluted to 1:1000 in TBS buffer overnight at 4°C. The
blots were washed 3 times in TBS buffer for 10 min and then
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TaBLE 1: The primer sequences used for qPCR.

Primer

Sequence

Mouse hsf1 forward:
Mouse hsfI reverse:
Mouse il-1f3 forward:
Mouse il-1f3 reverse:
Mouse nlrp3 forward:
Mouse nlrp3 reverse:
Mouse f-actin forward:
Mouse f-actin reverse:
Rat hsfl forward:

Rat hsfl reverse:

Rat il-1p forward:

Rat il-13 reverse:

Rat nlrp3 forward:
Rat nlrp3 reverse:

Rat B-actin forward:

Rat [-actin reverse:

5'-GGACATAAAAATACGCCAGGAC-3'
5'-GAGCTTGTTGACAACTTTTTGC-3'
5'-CACTACAGGCTCCGAGATGAACAAC-3'
5. TGTCGTTGCTTGGTTCTCCTTGTAC-3'
5'-ATTACCCGCCCGAGAAAGG-3'
5'-TCGCAGCAAAGATCCACACAG-3'
5-TCACTATTGGCAACGAGCGGTTC-3'
5'-CAGCACTGTGTTGGCATAGAGGTC-3'
5" TCTGAGGGAGATGACTACACGGATG-3'
5'-AAGCCAGCCTGACAACTGAAACC-3'
5'-AATCTCACAGCAGCATCTCGACAAG-3'
5'-TCCACGGGCAAGACATAGGTAGC-3'
5-GAGCTGGACCTCAGTGACAATGC-3'
5'-AGAACCAATGCGAGATCCTGACAAC-3'
5-GGTCAGGTCATCACTATCGGCAATG-3'
5'-CAGCACTGTGTTGGCATAGAGGTC-3'

immersed in the secondary antibody solution containing the
goat-IgG rabbit polyclonal antibody (1:5000 in TBS buffer,
Proteintech) for 2 h and diluted with TBS buffer. The mem-
branes were washed 3 times for 10 min in TBS buffer. The
immunoblotted proteins were visualized using an ECL
Western blot luminol reagent (Advansta, Menlo Park, CA,
USA) and quantified using a Universal Hood II chemilumi-
nescence detection system (Bio-Rad) by imaging scans.

2.5. Brain Tissue of Animals. The brain tissues of hsfl KO
(hsf1”") and wild-type (hsfI*'*) mice were provided by Prof.
Xiao Xian-zhong (The Department of Pathophysiology,
School of Basic Medical Science, Central South University,
Changsha, Hunan, China) and have been described previ-
ously [30, 52]. Protocols for animal breeding and experi-
ments were approved by the Institutional Animal Care
and Use Committee of Central South University under
license number 2018sydw0378 (approval date: 25 Nov.
2018). 16-20-week-old (weight 20-25 g) mice were subjected
to CLP or sham.

2.6. Cecal Ligation and Puncture Model. Cecal ligation and
puncture (CLP) was performed as previously described in
Xiao’s lab [30, 52]. Briefly, hsfl” and hsfI*"* mice (n=3
for each group) were anesthetized with 2% isoflurane. Under
aseptic conditions, a midline laparotomy incision was per-
formed to allow exposure of the cecum. One-third of the
cecum was tightly ligated with an orientation distal to the
ileocecal valve and was perforated twice with a 22-gauge
needle. A few feces were extruded from the puncture holes
to ensure patency. The laparotomy was then sutured,
followed by fluid resuscitation (normal saline, 50 mL/kg).

The mice were euthanized after 12 h, and the hippocampus
was removed and fixed with paraformaldehyde or stored at
-80°C for further research.

2.7. Immunofluorescence Staining. The brain tissues were
collected and fixed in 4% paraformaldehyde and embedded
in paraffin for preparation of 4 um thick tissue sections.
The dewaxed paraffin sections of hippocampal tissue from
differently treated mice were detergent extracted with 0.1%
Triton X-100 for 10 min at 4°C before being incubated over-
night with the HSF1 (sc-13516, Santa Cruz, Dallas, Texas,
USA) and NLRP3 (19771-1-AP, Proteintech) polyclonal
antibody (1:100) at 4°C. The slide was washed with
phosphate-buffered saline (PBS) and incubated with 150 uL
with the FITC (SA00003-11)- or Cy3 (SA00009-2)-tagged
secondary antibody (1:200) at room temperature (RT) for
2 hours. The slide was then incubated with an immunofluo-
rescence polyclonal antibody for 1 h. The nuclei were stained
with DAPI (Sigma-Aldrich, St. Louis, MO, USA). The laser
scanning microscope in Servicebio, Wuhan, China, was used
to capture the image. The proportion of red-positive/green-
positive cells to blue-positive cells was calculated using
Image] (NIH, Baltimore, MD, USA).

2.8. EthD-III Staining. Pyroptosis was assessed by staining
with EthD-III (Biotium, Fremont, CA, USA) as previously
described [53, 54]. In brief, PC12 cells were treated with
the corresponding stimuli or unfixed brain tissue sections
from differently treated mice that were incubated with
EthD-III (10 ug/mL) at room temperature (RT) for 10 min
and washed with PBS for 3 x 5min. Afterward, they were
fixed with 4% paraformaldehyde (PF) for 20 min and washed



three times with ice-cold PBS. Hoechst 33258 (APExBIO,
Boston, MA, USA) was used for nuclear staining at RT for
10 min. Afterward, the samples were washed with PBS for
3 x 5min before the coverslips were finally sealed by a drop
of glycerin (Solarbio, Beijing, China) and visualized, choos-
ing the hippocampus or 3~6 positions in PCI12 cells under
a fluorescence microscope (Olympus, Tokyo, Japan). The
laser scanning microscope was used to capture images. The
proportion of red-positive cells to blue-positive cells was cal-
culated using Image].

2.9. Statistical Analysis. SPSS19.0 was used for statistical
analysis. The results were summarized and presented as
mean + standard deviation (SD) and analyzed using an
independent t-test for the two groups. One-way analysis of
variance (one-way ANOVA) was utilized for comparing
multiple groups, followed by multiple comparison tests
(Bonferroni post hoc tests). The statistically significant level
was defined as p < 0.05.

3. Results

3.1. Increased Expression of HSF1 in Hippocampal Tissue of
Septic Mice. The previous results [52] had proved the
increased expression of HSF1 in the lung, kidney, and liver
of septic mice constructed by CLP, but the expression of
HSFI1 in the hippocampus of CLP septic mice remained
unknown. In this research, we collected the hippocampal tis-
sue of HSF1 wild-type (hsf1*'*) control mice and septic mice
constructed by CLP. Expression of HSF1 in hippocampal tis-
sue was detected by Western blot. As the results showed,
HSF1 obviously increased in the CLP sepsis model
(Figure 1). Because the exact mechanism of HSF1 in the pro-
cess of sepsis still had not been demonstrated, the expression
of inflammatory factors was further assessed in the hippo-
campal tissue of hsfl™" mice. The results revealed that the
expression of inflammatory cytokines such as caspasel and
NLRP3 was significantly elevated as well as HSF1, and the
cleavage of IL-1f3 was also increased in CLP septic mice
(Figure 1).

3.2. Pyroptosis Is Elevated in Brain Tissue of hsfl”’" Septic
Mice. The inflammatory molecules such as IL-1f3, caspasel,
and NLRP3 played important roles in pyroptosis [46, 55].
As the expression of HSF1 in the CLP sepsis model was
related to IL-1p3, caspasel, and NLRP3 (Figure 1), pyroptosis
in the brain tissue of differently treated mice was detected.
The EthD-III staining experiments found that EthD-III-
positive cells existed in the dentate gyrus and pyramidal cells
in hippocampal and cortex tissues. The pyroptotic cells
looked like cabbage or fried egg, with the nucleus located
in the center [25]. The results showed that the level of pyrop-
tosis was elevated in both the hippocampal and cortex tis-
sues of septic hsflI”" and hsfI*"* CLP models contrasted to
the sham control, respectively. Interestingly, the pyroptosis
in hippocampal and cortex tissues was found to increase in
the hsfI”~ CLP model compared to the hsfI*’* CLP model,
while the hsf1”~ mice also showed more pyroptosis in hippo-
campal and cortex tissues than hsfI*"* mice (Figure 2).
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F1GURE 1: Expression of HSF1, cytokines, and pyrolytic proteins in
the hippocampus. (a) Western blot analysis was performed to
detect the expression of the inflammatory cytokines and pyrolytic
proteins in hippocampal tissue. NC1-NC3: negative control group
(sham group); S1-S3: sepsis group. (b) WB images were
quantified, and their statistical analysis is shown in the graph.
Experiments were repeated independently, *p < 0.05.

3.3. hsfl”" Septic Mice Displayed Enhanced NLRP3
Expression in the Brain. The CLP sepsis model and sham
model were established in hsfI*’* mice and hsfI”’" mice,
and the models were sentenced to death after 12 h. Brain tis-
sue was collected and divided into two parts. One hemi-
sphere containing hippocampal tissue was used in Western
blot and real-time PCR, while another hemisphere was used
in immunofluorescence staining. Figure 3 reveals that the
mRNA and protein level of NLRP3 was elevated in the hip-
pocampus of both hsfI”" and hsfI*"* CLP mice, and the
expression of NLRP3 protein was increased in the hsfl”
CLP mice compared to hsfI*"* CLP mice. The immunofluo-
rescence experiments were also proved to significantly
increase NLRP3 in the brain tissue of hsfI” septic mice con-
trasted to hsf1*'* septic mice (Figure 4). HSF1 could protect
organs from multiorgan dysfunction syndrome induced by
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FIGURE 2: Pyroptosis in brain tissues of different mouse groups. (a) EthD-III staining (red) was labeled as pyroptosis, and DAPI staining
(blue) was tagged as nuclei. The photos were taken by the laser scanning microscope at 500 ym (apply to the first column from the left
side) and 200 ym (apply to the second to fourth columns from the left side). (b) The statistical analysis of pyroptosis is shown in the
graph. Experiments were repeated independently, *p <0.05. WT NC: wild-type negative control group; WT S: wild-type sepsis group;
KO NC: hsfI™" negative control group; KO S: hsfl™ sepsis group.
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F1GURE 3: Expression of NLRP3 in the hippocampus. (a) Real-time PCR was used to detect the expression of the inflammatory cytokines and
pyrolytic proteins in hippocampal tissue. Experiments were repeated independently, *p < 0.05. (b) Western blot was used to detect the
expression of the inflammatory cytokines and pyrolytic proteins in hippocampal tissue. WT C: wild-type control group; WT S: wild-type
sepsis group; KO C: hsfI”~ control group; KO S: hsfl”~ sepsis group. The statistical analysis of WB is shown in the graph. Experiments
were repeated independently, *p < 0.05.
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F1GURE 4: Immunofluorescence staining of NLRP3. Blue light: DAPI; FITC green light: HSF1; Cy3 red light: NLRP3. The photos were taken

by the laser scanning microscope at 500 ym (apply to the first column from the left side) and 100 ym (apply to the second to fifth columns
from the left side).
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LPS [56]. Combined with the decreased level of pyroptosis in
hsfI*"* CLP mice compared to hsfl”~ CLP mice (Figure 2),
we supposed that HSF1 might alleviate brain injury by
inhibiting NLRP3-dependent pyroptosis in the brain of the
sepsis model.

3.4. HSF1 Negatively Regulated NLRP3 and Pyroptosis in
PC12 Cells In Vitro. To reveal the alleviating mechanism of
HSF1 on sepsis in CNS, the PC12 cell model was used for
cell experiments. LPS is usually used to induce inflamma-
tion. The LPS+ATP-treated cells showed obvious pyroptosis,
which is the classic pyroptosis model [57, 58]. Here, PC12
cells were treated with LPS at different times and ATP for
1 hour to generate an inflammation-related pyroptosis
model, which was utilized to assess the expression of HSF1
and NLRP3 in the classic pyroptosis model (Figure 5(a)).
LPS treatment for 12 hours was chosen for further research.
qPCR results revealed that the stimulation of LPS+ATP can
induce more NLRP3 and IL-1f in PCI12 cells transfected

with hsfl siRNA than PC12 cells without hsfl siRNA inter-
ference (Figure 5(b)). Similar results were obtained in PC12
cells transfected with hsfl siRNA or plasmid. The mRNA
expression of NLRP3 and IL-1 was inhibited by hsfI plasmid
but enhanced by hsfl siRNA (Figure 6(a)). Western blot also
proved that HSF1 could negatively regulate NLRP3 protein
expression (Figures 6(b) and 6(d)). Similarly, hsfl siRNA
enhanced the pyroptosis in PC12 cells, which could be
reversed by nlrp3 siRNA (Figures 6(c) and 6(e)).

3.5. HSF1 Regulates Pyroptosis Dependent on NLRP3 in PCI2
Cells In Vitro. The nirp3 siRNA was cotransfected into PC12
cells with hsfl siRNA. The real-time PCR and Western blot
results showed that the upregulation of IL-1f and caspasel
in hsfl silence PC12 cells was reversed by transfecting with
nlrp3 siRNA (Figures 7(a) and 7(c)), and hsfl siRNA
enhanced the pyroptosis in PCI12 cells, which could be
reversed by nlrp3 siRNA (Figures 7(b) and 7(d)). This
proved that HSF1 could inhibit the NLRP3-dependent
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FIGURE 6: HSFI regulates the pyroptosis of PC12 and the expression of NLRP3. (a) Real-time PCR was used to detect the expression of
HSF1, NLRP3, and IL-18 in PC12 cells. (b, d) Western blot was used to detect the expression of the inflammatory cytokines and
pyrolytic proteins in differently treated PC12, *p < 0.05. (c, e) EthD-III staining (red) was labeled as pyroptosis, and Hoechst staining
(blue) was tagged as nuclei, *p <0.05. NC: negative control group; OV: hsfl overexpression group; si: hsfl silence group; LPS+ATP:
PC12 cells treated with LPS for 12 hours and ATP for 1h. Scale bar: 100 ym, apply to all the panels.

pyroptosis. In the LPS+ATP-induced septic PC12 model,
HSF1-transfected plasmid can inhibit the NLRP3 pathway,
while HSF1 siRNA can enhance the expression of NLRP3
and IL-1f (Figures 7(e) and 7(f)).

4. Discussion

The major characteristics of sepsis are systemic inflamma-
tory responses accompanied by multiple organ dysfunction
syndromes. It has proved to cause more neutrophil infiltra-
tion in the lungs and kidneys of hsfI” mice [56]. The
hsfl”" septic mice exhibited a greater degree of lung, liver,
and kidney tissue damage by increased fibrin:fibrinogen
deposition compared with septic wild-type mice [52]. How-
ever, the degree of the impaired brain in hsfl” septic mice
was not certificated. The brain injury according to the acute
phase of sepsis led to serious sequelae, which were the key
factor of the prognosis of patients with sepsis. The brain
could be impaired by increasing inflammatory cytokines in
sepsis. Unfortunately, there is no effective way to prevent
or even treat this grievous disease, and the pathogenesis of
brain injury in sepsis remains to be clarified [59, 60]. The
occurrence of brain injury in sepsis is closely related to
inflammation, and inhibiting the inflammatory factors’
expression in brain tissues could alleviate sepsis encephalop-
athy [13]. Sepsis induces significant brain disorders and the
dysfunction of neurons and synaptic plasticity of the cere-
bral cortex and hippocampus [61, 62]. The hippocampus
and cortex are vulnerable to cell death; therefore, it is neces-
sary to prevent the hippocampus from cell death in septic
patients [61].

Cell death is controlled partially by RCD pathways,
which comprise apoptosis, necroptosis, ferroptosis, pyropto-
sis, etc. [53, 63-72]. Pyroptosis has been proved to be closely
related to sepsis-induced organ damage, but whether inhibit-
ing pyroptosis could be a possible therapy tactic for the brain
in sepsis is starved for more evidence [73, 74]. In this study,
we focus on exploring the candidate molecules or pathways
that could regulate pyroptosis. The NLRP3-dependent cas-

pasel/IL-13 pathway is the key regulator of pyroptosis
[75], and the upregulation of NLRP3 expression can pro-
mote inflammation and pyroptosis [38]. While pyroptosis
is the inflammatory form of RCD, it can release IL-13 and
IL-18 in the early stages to initiate the event of sepsis [76].
HSFI1, the key regulator of heat shock response, prevents
harmful stimulation, which can inhibit the expression of
NLRP3 [77, 78]. HSF1 can protect the lung, liver, and kidney
from multiorgan dysfunction syndrome induced by sepsis,
but the function and expression in the brain had not been
demonstrated [52, 56]. As a result, the relationship between
HSF1 and NLRP3 in the CLP septic mouse model was
investigated. Unexpectedly, we found that HSF1 is intrinsi-
cally increased in the hippocampus of CLP septic mice
(Figure 1) and positively related to the changes of inflamma-
tory factors NLRP3, caspasel, and cleaved IL-1f3, which is
significantly different from some previous reports claiming
HSF1 could downregulate NLRP3 [50, 77, 79].

Although the expression of HSF1 increased in the septic
mouse model, we are still assured that the elevated HSF1
antagonizes the sepsis in the CLP model. To certify the exact
roles of HSF1 in the brain of sepsis, wild-type mice and
hsf1”~ mice were used to build the CLP model. The brain tis-
sue collected from differently treated mice was used for func-
tional exploration. The EthD-III experiments showed that
HSF1 was also negatively related to pyroptosis. The pyropto-
sis in brain tissue cells significantly increased in the hsfl™”"
CLP model compared with the hsfI"’* CLP model, while
the hsfl”" mice also showed more pyroptosis in cells of brain
tissue than hsfI*'* mice (Figure 2). In further research, PC12
cells were utilized to simulate the neuron model, which
revealed that hsfl siRNA could upregulate pyroptosis while
HSF1 plasmid can inhibit the pyroptosis (Figure 6). It is con-
firmed that pyroptosis could initiate sepsis [38, 76, 80],
implying that HSF1 could alleviate sepsis-induced brain dys-
function by blocking the initiation event of sepsis by inhibit-
ing pyroptosis.

Interestingly, the level of NLRP3/caspasel/cleaved IL-1/3
was significantly elevated in the hsfI”’~ CLP mice compared
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with hsfI*’* CLP mice (Figures 3 and 4). These results
explained that the elevated expression of HSF1 in the CLP
model could protect mice from inflammation factors
(Figures 1, 3, and 4), and the lack of HSF1 makes the inflam-
mation aggressive in the CLP mice (Figures 3 and 4). The
same results are also found in the in vitro model, and nlrp3
mRNA increased in the PC12 cells transfected with hsfl
siRNA (Figure 5). Further research revealed that the nlrp3
siRNA can reverse hsfI siRNA that enhanced the pyroptosis
in PC12 cells (Figure 7). Collected all together, these data
suggested that HSF1 might be a protective factor of pyropto-
sis by inhibiting NLRP3. The mechanism of HSF1-regulated
NLRP3 was reported in a few articles. HSF1 could indirectly
control the expression of NLRP3 by activating Snail and reg-
ulating the TRX1/TXNIP and TRX1/ASK1 complexes or
promoting f-catenin translocation from the cytoplasm to
the nucleus, which inhibits XBP1 activation in response to
TLR/TRAF6 stimulation in macrophages by enhancing f3-
catenin transcriptional activity [50, 77]. Our recent research
proved that HSF1 was involved in the activation of the
NLRP3 inflammasome in septic acute lung injury (ALI)
[81]. We proved that HSF1 could suppress NLRP3 inflam-
masome activation in transcriptional and posttranslational
modification levels and that HSF1 can inhibit caspasel acti-
vation and IL-1f maturation via inhibiting the NLRP3 path-
way [81]. This work supports previous results and indicates

that HSF1 prevents brain injury from sepsis by inhibiting the
sepsis-induced pyroptosis through the NLRP3-dependent
caspasel/IL-1f pathway.

5. Conclusion

Our works showed that HSF1 plays an important role in
sepsis-induced brain injury by regulating NLRP3. Although
the exact mechanism of HSFI inhibiting the NLRP3/cas-
pasel/cleaved IL-18 pathway was not considered in this
study, we conclude that HSF1 prevents brain injury from
sepsis by inhibiting the sepsis-induced pyroptosis through
the NLRP3-dependent caspasel/IL-1f pathway, suggesting
HSF1 as a potential molecular target for treating brain injury
in sepsis clinical studies.

Abbreviations

ATP: Adenosine triphosphate

BBB: Blood-brain barrier

CLP: Cecal ligation and puncture

CNS: Central nervous system

DMEM: Dulbecco’s modified Eagle’s medium
HSPs: Heat shock proteins

HSR: Heat shock response

IL-1B: Interleukin-1/



12

LPS: Lipopolysaccharides

NLRP3: NLR family pyrin domain-containing 3
PBS: Phosphate-buffered saline

PCR: Polymerase chain reaction

ROS: Reactive oxygen species

RT: Room temperature

SAE: Sepsis-associated encephalopathy

SDS-PAGE: Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis

siRNA: Small interfering RNA.

Data Availability

The data used to support the findings in this study are avail-
able from the corresponding author upon reasonable request.

Ethical Approval

Protocols for animal breeding and experiments were
approved by the Institutional Animal Care and Use Com-
mittee of Central South University under license number
2018sydw0378 (approval date: 25 Nov. 2018).

Conflicts of Interest

The authors declare no conflict of interest.

Authors’ Contributions

H.YF.,, Y.BY., and S.YC. performed the experiments. H.XM.
analyzed the data and drew the graph. T.SP. and X.XZ.
supplied the brain tissue of mice and revised the animal
experiments. H.YF., WXX., and M.AK. wrote the manu-
script. X.K. and W.XX. designed, conceived, and supervised
the study. All authors have read and agreed to the published
version of the manuscript.

Acknowledgments

This work was supported by the National Natural Science
Foundation of China (81971891, 82172196, and 81870071),
Hunan Province Natural Science Foundation of China
(2019]]J40393), Key Laboratory of Emergency and Trauma
(Hainan Medical University) of Ministry of Education
(KLET-202108), and 2019 College Students’ Innovation
and Entrepreneurship Project (20190039020050).

References

[1] D. Beddow, L. Patel, C. S. Smith et al., “Outcomes in hospita-
lised patients with sepsis, severe sepsis or septic shock and
reported penicillin allergy: a retrospective cohort study,” BMJ
Open, vol. 12, no. 2, article e050879, 2022.

[2] L Dey, N. Singhal, H. R. Walsh, P. A. Heaton, and S. P. Paul,
“Hypothermia induced by therapeutic doses of antipyretics:
misdiagnosis of cold sepsis,” Sudan ] Paediatr, vol. 21, no. 2,
pp. 205-208, 2021.

[3] S.Duradevié, A. Ruzici¢, I. Lakié et al., “The effects of a meldo-
nium pre-treatment on the course of the LPS-induced sepsis in

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

Mediators of Inflammation

rats,” International Journal of Molecular Sciences, vol. 23, no. 4,
p. 2395, 2022.

D. Gialamprinou, G. Mitsiakos, G. N. Katsaras et al., “Neonatal
sepsis and hemostasis,” Diagnostics (Basel), vol. 12, no. 2,
p. 261, 2022.

M. Sanz Codina and M. Zeitlinger, “Biomarkers predicting tis-
sue pharmacokinetics of antimicrobials in sepsis: a review,”
Clinical Pharmacokinetics, vol. 61, no. 5, pp. 593-617, 2022.
M. Yuan, D. Y. Yan, E. S. Xu, Y. D. Zhao, Y. Zhou, and L. F.
Pan, “Effects of sepsis on hippocampal volume and memory
function,” World Journal of Emergency Medicine, vol. 11,
no. 4, pp. 223-230, 2020.

Y. Yang, S. Liang, J. Geng et al., “Development of a nomogram
to predict 30-day mortality of patients with sepsis-associated
encephalopathy: a retrospective cohort study,” Journal of
Intensive Care, vol. 8, no. 1, p. 45, 2020.

L. Zhang, X. Peng, Y. Ai et al., “Amitriptyline reduces sepsis-
induced brain damage through TrkA signaling pathway,” Jour-
nal of Molecular Neuroscience, vol. 70, no. 12, pp. 2049-2057,
2020.

X. Zhuang, Y. Yu, Y. Jiang et al., “Molecular hydrogen attenu-
ates sepsis-induced neuroinflammation through regulation of
microglia polarization through an mTOR-autophagy-dependent
pathway,” International Immunopharmacology, vol. 81, article
106287, 2020.

N. Chaudhry and A. K. Duggal, “Sepsis associated encephalop-
athy,” Advances in medicine, vol. 2014, Article ID 762320, 16
pages, 2014.

F. S. Taccone, S. Scolletta, F. Franchi, K. Donadello, and
M. Oddo, “Brain perfusion in sepsis,” Current Vascular Phar-
macology, vol. 11, no. 2, pp. 170-186, 2013.

R. Tsuruta and Y. Oda, “A clinical perspective of sepsis-
associated delirium,” Journal of Intensive Care, vol. 4, no. 1,
p. 18, 2016.

B. Ye, T. Tao, A. Zhao et al., “Blockade of IL-17A/IL-17R path-
way protected mice from sepsis-associated encephalopathy by
inhibition of microglia activation,” Mediators of Inflammation,
vol. 2019, Article ID 8461725, 11 pages, 2019.

D. S. Kikuchi, A. C. P. Campos, H. Qu et al., “Poldip2 mediates
blood-brain barrier disruption in a model of sepsis-associated
encephalopathy,” Journal of Neuroinflammation, vol. 16, no. 1,
p. 241, 2019.

B. Mei, J. Li, and Z. Zuo, “Dexmedetomidine attenuates sepsis-
associated inflammation and encephalopathy via central a2A
adrenoceptor,” Brain, Behavior, and Immunity, vol. 91,
pp. 296-314, 2021.

S. Chen, C. Tang, H. Ding et al., “Mafl ameliorates sepsis-
associated encephalopathy by suppressing the NF-kB/NLRP3
inflammasome signaling pathway,” Frontiers in Immunology,
vol. 11, article 594071, 2020.

A. Vulczak, C. H. R. Catalao, L. A. P. Freitas, and M. J. A.
Rocha, “HSP-target of therapeutic agents in sepsis treatment,”
International Journal of Molecular Sciences, vol. 20, no. 17,
p. 4255, 2019.

Z. Wang, L. M. Guo, Y. Wang et al., “Inhibition of HSP90«
protects cultured neurons from oxygen-glucose deprivation
induced necroptosis by decreasing RIP3 expression,” Journal
of Cellular Physiology, vol. 233, no. 6, pp. 4864-4884, 2018.
T. Joshi, V. Kumar, E. V. Kaznacheyeva, and N. R. Jana,
“Withaferin A induces heat shock response and ameliorates
disease progression in a mouse model of Huntington's



Mediators of Inflammation

[20]

[21]

(22]

(23]

(24]

[25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

disease,” Molecular Neurobiology, vol. 58, no. 8, pp. 3992-
4006, 2021.

R. N. Plagens, I. Mossiah, K. S. Kim Guisbert, and E. Guisbert,
“Chronic temperature stress inhibits reproduction and dis-
rupts endocytosis via chaperone titration in Caenorhabditis
elegans,” BMC Biology, vol. 19, no. 1, p. 75, 2021.

P. Yadav, B. Yadav, D. K. Swain, M. Anand, S. Yadav, and A. K.
Madan, “Differential expression of miRNAs and related
mRNAs during heat stress in buffalo heifers,” Journal of Ther-
mal Biology, vol. 97, article 102904, 2021.

J. Anckar and L. Sistonen, “Regulation of HSF1 function in the
heat stress response: implications in aging and disease,”
Annual Review of Biochemistry, vol. 80, no. 1, pp. 1089-1115,
2011.

F. Frezzato, F. Raggi, V. Martini et al., “HSP70/HSF1 axis, reg-
ulated via a PI3K/AKT pathway, is a druggable target in
chronic lymphocytic leukemia,” International Journal of Can-
cer, vol. 145, no. 11, pp. 3089-3100, 2019.

C. Prodromou, “Mechanisms of Hsp90 regulation,” The Bio-
chemical Journal, vol. 473, no. 16, pp. 2439-2452, 2016.

X. Wan, L. Zhu, L. Zhao et al., “hPER3 promotes adipogenesis
via hHSP90AA1-mediated inhibition of Notchl pathway,”
Cell Death & Disease, vol. 12, no. 4, p. 301, 2021.

M. J. Alasady and M. L. Mendillo, “The multifaceted role of
HSF1 in tumorigenesis,” Advances in Experimental Medicine
and Biology, vol. 1243, pp. 69-85, 2020.

D. Kovacs, T. Sigmond, B. Hotzi et al., “HSF1Base: a compre-
hensive database of HSF1 (heat shock factor 1) target genes,”
International Journal of Molecular Sciences, vol. 20, no. 22,
p. 5815, 2019.

J. Li, J. Labbadia, and R. I. Morimoto, “Rethinking HSFI in
stress, development, and organismal health,” Trends in Cell
Biology, vol. 27, no. 12, pp. 895-905, 2017.

0. Simon¢ik, M. Pastorek, B. Vojtések, and P. Miiller, “The
role of HSF1 protein in malignant transformation,” Klinickd
Onkologie, vol. 31, Suppl 2, pp. 55-62, 2018.

T. Li, G. Xiao, S. Tan et al., “HSF1 attenuates LPS-induced
acute lung injury in mice by suppressing macrophage infiltra-
tion,” Oxidative Medicine and Cellular Longevity, vol. 2020,
Article ID 1936580, 15 pages, 2020.

S. Ismael, H. A. Ahmed, T. Adris, K. Parveen, P. Thakor, and
T. Ishrat, “The NLRP3 inflammasome: a potential therapeutic
target for traumatic brain injury,” Neural Regeneration
Research, vol. 16, no. 1, pp. 49-57, 2021.

H. Bai and Q. Zhang, “Role of N4-acetylcytidine for continu-
ously activating NLRP3 inflammosome by HMGBI1 pathway
in microglia,” Neural Regeneration Research, vol. 16, no. 7,
pp. 1427-1428, 2021.

X. Sun, T. B. Kang, and K. H. Lee, “In vitro and in vivo model
for sepsis through non-canonical NLRP3 inflammasome acti-
vation,” Methods in Molecular Biology, vol. 2459, pp. 137-
147, 2022.

K. Xie, Y. Zhang, Y. Wang et al., “Hydrogen attenuates sepsis-
associated encephalopathy by NRF2 mediated NLRP3 path-
way inactivation,” Inflammation Research, vol. 69, no. 7,
pp. 697-710, 2020.

M. Shi, J. Chen, T. Liu et al., “Protective effects of remimazo-
lam on cerebral ischemia/reperfusion injury in rats by inhibit-
ing of NLRP3 inflammasome-dependent pyroptosis,” Drug
Design, Development and Therapy, vol. Volume 16, pp. 413-
423, 2022.

(36]

(37]

(38]

(39]

(40]

[41]

[42]

(43]

(44]

[45]

(46]

(47]

(48]

(49]

(50]

13

P. Kelk, N. S. Moghbel, J. Hirschfeld, and A. Johansson,
“Aggregatibacter actinomycetemcomitans Leukotoxin acti-
vates the NLRP3 inflammasome and cell-to-cell communica-
tion,” Pathogens, vol. 11, no. 2, p. 159, 2022.

H. Chen, Y. Deng, X. Gan et al., “NLRP12 collaborates with
NLRP3 and NLRC4 to promote pyroptosis inducing ganglion
cell death of acute glaucoma,” Molecular Neurodegeneration,
vol. 15, no. 1, p. 26, 2020.

D. M. Sui, Q. Xie, W. J. Yi et al., “Resveratrol protects against
sepsis-associated encephalopathy and inhibits the NLRP3/IL-
1B axis in microglia,” Mediators of Inflammation, vol. 2016,
Article ID 1045657, 10 pages, 2016.

L. Grinstein and S. Winkler, “Analysis of activity and expres-
sion of the NLRP3, AIM2, and NLRC4 inflammasome in
whole blood,” Methods in Molecular Biology, vol. 2459,
pp. 105-116, 2022.

Q. Fu, J. Wu, X. Y. Zhou et al., “NLRP3/caspase-1 pathway-
induced pyroptosis mediated cognitive deficits in a mouse
model of sepsis-associated encephalopathy,” Inflammation,
vol. 42, no. 1, pp. 306-318, 2019.

L. L. Tan, X. L. Jiang, L. X. Xu et al., “TP53-induced glycolysis
and apoptosis regulator alleviates hypoxia/ischemia-induced
microglial pyroptosis and ischemic brain damage,” Neural
Regeneration Research, vol. 16, no. 6, pp. 1037-1043, 2021.

W.T.Yan,Y.D. Yang, X. M. Hu et al., “Do pyroptosis, apopto-
sis, and necroptosis (PANoptosis) exist in cerebral ischemia?
Evidence from cell and rodent studies,” Neural Regeneration
Research, vol. 17, no. 8, pp. 1761-1768, 2022.

Q. Zhang, X. X. Wan, X. M. Hu et al., “Targeting programmed
cell death to improve stem cell therapy: implications for treat-
ing diabetes and diabetes-related diseases,” Frontiers in Cell
and Development Biology, vol. 9, article 809656, 2021.

X. Wu, X. Hu, Q. Zhang, F. Liu, and K. Xiong, “Regulatory role
of Chinese herbal medicine in regulated neuronal death,” CNS
& Neurological Disorders Drug Targets, vol. 20, no. 3, pp. 228-
248, 2021.

X.M. Hu, Z. X. Li, R. H. Lin et al., “Guidelines for regulated cell
death assays: a systematic summary, a categorical comparison,
a prospective,” Frontiers in Cell and Development Biology,
vol. 9, article 634690, 2021.

X. E. Xu, L. Liu, Y. C. Wang et al., “Caspase-1 inhibitor exerts
brain-protective effects against sepsis-associated encephalopa-
thy and cognitive impairments in a mouse model of sepsis,”
Brain, Behavior, and Immunity, vol. 80, pp. 859-870, 2019.

Z. Ding, X. Wang, S. Liu et al., “NLRP3 inflammasomevialL-
1 regulates PCSK9 secretion,” Theranostics, vol. 10, no. 16,
pp. 7100-7110, 2020.

H. Fu, Q. R. Shen, Y. Zhao et al., “Activating «7nAChR amelio-
rates abdominal aortic aneurysm through inhibiting pyroptosis
mediated by NLRP3 inflammasome,” Acta Pharmacologica
Sinica, 2022.

X.Jin, W. Fu, J. Zhou, N. Shuai, Y. Yang, and B. Wang, “Oxy-
matrine attenuates oxidized low-density lipoprotein-induced
HUVEC injury by inhibiting NLRP3 inflammasome-
mediated pyroptosis via the activation of the SIRT1/Nrf2 sig-
naling pathway,” International Journal of Molecular Medicine,
vol. 48, no. 4, 2021.

Y. Jin, C. Li, D. Xu et al., “Jagged1-mediated myeloid Notch1
signaling activates HSF1/Snail and controls NLRP3 inflamma-

some activation in liver inflammatory injury,” Cellular &
Molecular Immunology, vol. 17, no. 12, pp. 1245-1256, 2020.



14

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

[60]

[61]

[62]

(63]

(64]

(65]

[66]

A. Duchateau, A. de Thonel, R. El Fatimy, V. Dubreuil, and
V. Mezger, “The “HSF connection”: pleiotropic regulation
and activities of heat shock factors shape pathophysiological
brain development,” Neuroscience Letters, vol. 725, article
134895, 2020.

T. Li, H. Chen, X. Shi et al., “HSF1 alleviates microthrombosis
and multiple organ dysfunction in mice with sepsis by upreg-
ulating the transcription of tissue-type plasminogen activator,”
Thrombosis and Haemostasis, vol. 121, no. 8, pp. 1066-1078,
2021.

Y. Huang, S. Wang, F. Huang et al., “c-FLIP regulates pyropto-
sis in retinal neurons following oxygen-glucose deprivation/
recovery via a GSDMD-mediated pathway,” Annals of Anat-
omy, vol. 235, article 151672, 2021.

W. T. Yan, W. J. Zhao, X. M. Hu et al., “PANoptosis-like cell
death in ischemia/reperfusion injury of retinal neurons,” Neu-
ral Regeneration Research, vol. 18, no. 2, pp. 357-363, 2023.

Y. Wang, Y. Li, and Y. Xu, “Pyroptosis in kidney disease,” Jour-
nal of Molecular Biology, vol. 434, no. 4, p. 167290, 2022.

S. Chen, X. Zuo, M. Yang et al., “Severe multiple organ injury
in HSF1 knockout mice induced by lipopolysaccharide is asso-
ciated with an increase in neutrophil infiltration and surface
expression of adhesion molecules,” Journal of Leukocyte Biol-
ogy, vol. 92, no. 4, pp. 851-857, 2012.

W. Shi, L. An, J. Zhang, and J. Li, “Periplaneta americana
extract ameliorates lipopolysaccharide-induced liver injury
by improving mitochondrial dysfunction via the AMPK/
PGC-1a signaling pathway,” Experimental and Therapeutic
Medicine, vol. 22, no. 4, p. 1138, 2021.

I. M. N. Molagoda, A. M. G. K. Athapaththu, Y. H. Choi et al.,
“Fisetin inhibits NLRP3 inflammasome by suppressing TLR4/
MD2-mediated mitochondrial ROS production,” Antioxidants
(Basel), vol. 10, no. 8, p. 1215, 2021.

Y. Xiong, J. Yang, H. Tong, C. Zhu, and Y. Pang, “HMGBI1
augments cognitive impairment in sepsis-associated encepha-
lopathy by binding to MD-2 and promoting NLRP3-induced
neuroinflammation,” Psychogeriatrics, vol. 22, pp. 169-179,
2022.

S. Cotena and O. Piazza, “Sepsis-associated encephalopathy,”
Transl Med UniSa, vol. 2, pp. 20-27, 2012.

K. M. Christian, H. Song, and G. L. Ming, “Functions and dys-
functions of adult hippocampal neurogenesis,” Annual Review
of Neuroscience, vol. 37, no. 1, pp. 243-262, 2014.

A. Semmler, C. N. Widmann, T. Okulla et al., “Persistent cog-
nitive impairment, hippocampal atrophy and EEG changes in
sepsis survivors,” Journal of Neurology, Neurosurgery, and Psy-
chiatry, vol. 84, no. 1, pp. 62-69, 2013.

A. Chakraborty, Y. Li, C. Zhang, Y. Li, S. A. LeMaire, and Y. H.
Shen, “Programmed cell death in aortic aneurysm and dissec-
tion: a potential therapeutic target,” Journal of Molecular and
Cellular Cardiology, vol. 163, pp. 67-80, 2022.

M. Wang, H. Wan, S. Wang et al., “RSK3 mediates necroptosis
by regulating phosphorylation of RIP3 in rat retinal ganglion
cells,” Journal of Anatomy, vol. 237, no. 1, pp. 29-47, 2020.
X. M. Hu, Q. Zhang, R. X. Zhou et al., “Programmed cell death
in stem cell-based therapy: mechanisms and clinical applica-
tions,” World ] Stem Cells, vol. 13, no. 5, pp. 386-415, 2021.
L. S. Liao, S. Lu, W. T. Yan et al., “The role of HSP90« in
methamphetamine/hyperthermia-induced necroptosis in rat
striatal neurons,” Frontiers in Pharmacology, vol. 12, article
716394, 2021.

(67]

(68]

[69]

(70]

(71]

(72]

(73]

(74]

(75]

(76]

(77]

(78]

[79]

(80]

(81]

Mediators of Inflammation

W.T. Yan,S. Lu, Y. D. Yang et al., “Research trends, hot spots
and prospects for necroptosis in the field of neuroscience,”
Neural Regeneration Research, vol. 16, no. 8, pp. 1628-1637,
2021.

T. He, X. Xu, X. Y. Zhang et al., “Effectiveness of Huai Qi
Huang granules on juvenile collagen-induced arthritis and its
influence on pyroptosis pathway in synovial tissue,” Curr
Med Sci, vol. 39, no. 5, pp. 784-793, 2019.

L. M. Guo, Z. Wang, S. P. Li et al., “RIP3/MLKL-mediated neu-
ronal necroptosis induced by methamphetamine at 39°C,”
Neural Regeneration Research, vol. 15, no. 5, pp. 865-874,
2020.

S. Wang, Y. Huang, Y. Yan et al.,, “Calpain2 but not calpainl
mediated by calpastatin following glutamate-induced regu-
lated necrosis in rat retinal neurons,” Annals of Anatomy,
vol. 221, pp. 57-67, 2019.

S. C. Wang, X. M. Hu, and K. Xiong, “The regulatory role of
Pinl in neuronal death,” Neural Regeneration Research,
vol. 18, no. 1, pp. 74-80, 2023.

Y. D. Yang, Z. X. Li, X. M. Hu et al., “Insight into crosstalk
between mitophagy and apoptosis/necroptosis: mechanisms
and clinical applications in ischemic stroke,” Curr Med Sci,
vol. 42, no. 2, pp. 237-248, 2022.

X. Sun, R. Zhou, Y. Lei, J. Hu, and X. Li, “The ligand-gated
ion channel P2X7 receptor mediates NLRP3/caspase-1-
mediated pyroptosis in cerebral cortical neurons of juvenile
rats with sepsis,” Brain Research, vol. 1748, article 147109,
2020.

Y. Wang, X. Liu, Q. Wang, and X. Yang, “Roles of the pyrop-
tosis signaling pathway in a sepsis-associated encephalopathy
cell model,” The Journal of International Medical Research,
vol. 48, no. 8, p. 030006052094976, 2020.

Y. Chen, Y. Li, L. Guo et al., “Bibliometric analysis of the
inflammasome and pyroptosis in brain,” Frontiers in Pharma-
cology, vol. 11, article 626502, 2021.

L. Zhuo, X. Chen, Y. Sun et al., “Rapamycin inhibited pyropto-
sis and reduced the release of IL-1f8and IL-18 in the septic
response,” BioMed Research International, vol. 2020, Article
ID 5960375, 9 pages, 2020.

S. Yue, J. Zhu, M. Zhang et al., “The myeloid heat shock tran-
scription factor 1/f-catenin axis regulates NLR family, pyrin
domain-containing 3 inflammasome activation in mouse liver
ischemia/reperfusion injury,” Hepatology, vol. 64, no. 5,
pp. 1683-1698, 2016.

F. Zhang, W. Zhao, J. Zhou et al., “Heat shock transcription
factor 2 reduces the secretion of IL-1f by inhibiting NLRP3
inflammasome activation in ulcerative colitis,” Gene, vol. 768,
article 145299, 2021.

A. Choudhury, D. Bullock, A. Lim et al., “Inhibition of HSP90
and activation of HSF1 diminish macrophage NLRP3 inflam-
masome activity in alcohol-associated liver injury,” Alcohol-
ism, Clinical and Experimental Research, vol. 44, no. 6,
pp. 1300-1311, 2020.

X. Zhong, L. Xie, X. Yang et al., “Ethyl pyruvate protects
against sepsis-associated encephalopathy through inhibiting
the NLRP3 inflammasome,” Molecular Medicine, vol. 26,
no. 1, p. 55, 2020.

X. Shi, T. Li, Y. Liu et al., “HSF1 protects sepsis-induced
acute lung injury by inhibiting NLRP3 inflammasome acti-

vation,” Frontiers in Immunology, vol. 13, article 781003,
2022.



	HSF1 Alleviates Brain Injury by Inhibiting NLRP3-Induced Pyroptosis in a Sepsis Model
	1. Introduction
	2. Materials and Methods
	2.1. Cell Culture
	2.2. Cell Transfection
	2.3. Real-Time Reverse Transcription-Polymerase Chain Reaction (PCR)
	2.4. Western Blot Assay
	2.5. Brain Tissue of Animals
	2.6. Cecal Ligation and Puncture Model
	2.7. Immunofluorescence Staining
	2.8. EthD-III Staining
	2.9. Statistical Analysis

	3. Results
	3.1. Increased Expression of HSF1 in Hippocampal Tissue of Septic Mice
	3.2. Pyroptosis Is Elevated in Brain Tissue of hsf1-/- Septic Mice
	3.3. hsf1-/- Septic Mice Displayed Enhanced NLRP3 Expression in the Brain
	3.4. HSF1 Negatively Regulated NLRP3 and Pyroptosis in PC12 Cells In Vitro
	3.5. HSF1 Regulates Pyroptosis Dependent on NLRP3 in PC12 Cells In Vitro

	4. Discussion
	5. Conclusion
	Abbreviations
	Data Availability
	Ethical Approval
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments



