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Hypoxic preconditioning reduces NLRP3 inflammasome
expression and protects against cerebral ischemia/
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Abstract

Hypoxic preconditioning can protect against cerebral ischemia/reperfusion injury. However, the underlying mechanisms that mediate this
effect are not completely clear. In this study, mice were pretreated with continuous, intermittent hypoxic preconditioning; 1 hour later,
cerebral ischemia/reperfusion models were generated by middle cerebral artery occlusion and reperfusion. Compared with control mice,
mice with cerebral ischemia/reperfusion injury showed increased Bederson neurological function scores, significantly increased cerebral
infarction volume, obvious pathological damage to the hippocampus, significantly increased apoptosis; upregulated interleukin-14,
interleukin-6, and interleukin-8 levels in brain tissue; and increased expression levels of NOD-like receptor family pyrin domain containing

3 (NLRP3), NLRP inflammasome-related protein caspase-1, and gasdermin D. However, hypoxic preconditioning significantly inhibited the
above phenomena. Taken together, these data suggest that hypoxic preconditioning mitigates cerebral ischemia/reperfusion injury in mice by
reducing NLRP3 inflammasome expression. This study was approved by the Medical Ethics Committee of the Fourth Hospital of Baotou, China
(approval No. DWLL2019001) in November 2019.
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Introduction of subsequent reperfusion injury must be performed
simultaneously with the rapid recovery of cerebral tissue
through perfusion. The pathophysiological process underlying
cerebral I/R injury is complex. Currently, intracellular Ca®™
overloading, oxygen free radical injury, excitatory amino acid

In China, the death rate associated with cerebrovascular
diseases was recently reported at 149.49 per 100,000
population (Wang et al., 2020c). The only effective treatment
];Jcl)(r);(?;]eot:/\r/atloliﬁzebn:alicnd;—?g\i/seevsr trzeerr_afﬂ's?oge?fgra]t;onr(a)\f/attgi toxicity, chemokines, and white blood cell interactions are

’ , Tep 88 considered to be underlying pathogenic factors that contribute

brain injury, resulting in cerebral ischemia/reperfusion (I/ - e
R) injury (Kalogeris et al., 2012). Therefore, during the to cerebral I/R injury (L et al., 2016; Min et al., 2020).

treatment of cerebral ischemia, the prevention and treatment Hypoxic preconditioning (HPC) refers to the highly tolerant
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treatment of long-term lethal I/R injury through exposure to
intermittent, repeated, short-term, non-lethal hypoxic stress.
HPC has been reported to ameliorate I/R injury not only in
the brain but also in the myocardial tissue (Tang et al., 2009).
The potential mechanisms underlying HPC include autophagy
induction and apoptosis inhibition (Zhang et al., 2017; Liu et
al., 2020).

Inflammation is a biological response through which body
tissues prevent the effects mediated by harmful stimuli (Chen
et al., 2018; Mo et al., 2020). However, excessive inflammatory
reactions can be harmful to neurons (Song et al., 2020; Zhang
et al., 2020b). Inflammasomes are multiprotein complexes that
are important components of the innate immune system and
regulate inflammatory reactions. The NOD-like receptor family
pyrin domain containing 3 (NLRP3) inflammasome acts as a
cytoplasmic pattern recognition receptor that can recognize
various exogenous pathogens and sense endogenous risk
signals, linking the innate immune response with the acquired
immune response (Heneka et al., 2013; Coll et al.,, 2015). The
NLRP3 inflammasome plays an important role in cerebral I/R
injury (Wang et al., 2020a). However, whether the NLRP3
inflammasome is involved in the HPC-mediated protection
against cerebral I/R injury remains unknown.

In this study, mice were treated with HPC followed by the
generation of a cerebral I/R injury model to clarify the
protective effects of HPC and to assess the involvement of the
NLRP3 inflammasome in the potential underlying mechanisms.

Materials and Methods

Animals

A total of 45 male, specific-pathogen-free-grade BALB/c
mice, aged 2 months and weighing 20-22 g, were purchased
from Hunan SLYK Jingda Experimental Animal Co., Ltd., China
[licence No. SCXK (Xiang) 2019-0004]. The experimental
animal protocol was approved by the Medical Ethics
Committee of the Fourth Hospital of Baotou, China (approval
No. DWLL2019001; approval date: November 2019). All
experiments were designed and reported according to the
Animal Research: Reporting of In Vivo Experiments (ARRIVE)
guidelines.

To avoid the potentially confounding influence of estrogen,
this study used only male mice. A total of 45 male mice
were used, and three animals died during cerebral I/R injury
modeling. All animals were maintained in a specific pathogen-
free environment at 23 + 2°C and relative humidity of 45-65%
under a controlled 12-hour light/dark cycle. All mice had
free access to food and water. During the first part of this
experiment, the mice were randomly divided into three
groups (n = 6 per group): HPC + 1 hour of ischemia followed
by 12, 24, and 36 hours of reperfusion (HPC + I/R 12-hour, HPC
+ I/R 24-hour, and HPC + I/R 36-hour groups, respectively).
The follow-up experiments were conducted using 12-hour I/R
conditions. Mice in the follow-up experiments were randomly
divided into the following experimental groups (n = 6 per
group): sham operation (control), HPC (HPC + sham), I/R, and
HPC + I/R groups.

HPC

HPC was administered, as previously described (Cui et al.,
2004). Briefly, the mice were placed in a 125-mL wide-mouth
bottle containing fresh air. Immediately after the mice were
placed in the bottle, the bottle mouth was closed with a rubber
stopper, and the first observation of asthmatic breathing was
taken as an index of the end of each hypoxic exposure. The
tolerance times of the mice were recorded, and the mice
were removed immediately; this procedure was considered
one incidence of hypoxic exposure (H1), then transferred to
another wide-mouth bottle with the same volume of fresh air.
The second hypoxic exposure was recorded as H2, followed

by the third (H3) and the fourth (H4) exposures using the
same protocol. When the tolerance time of the second, third,
and fourth hypoxic exposure reached two, four, and six times
the tolerance time of the first hypoxia exposure, the hypoxic
exposure was ceased.

Cerebral I/R models

One hour after HPC exposure, middle cerebral artery occlusion
was performed under inhalation anesthesia with isoflurane
(RWD, Shenzhen, China; 5% induction, 1% maintenance), as
previously described (Longa et al., 1989). A midline incision
was prepared along the ventral side of the neck under a
stereomicroscope (Olympus, Tokyo, Japan). The left common
carotid artery, internal carotid artery, and external carotid
artery were carefully exposed and separated from the vagus
nerve. The distal end of the external carotid artery was
ligated, and an arteriotomy was performed at the distal end
of the external carotid artery. A nylon wire was inserted from
the artery incision until it met with slight resistance. After 60
minutes, the occluding filament was gently removed to allow
blood flow and reperfusion for 12, 24, and 36 hours. Mice in
the sham control group were subjected to the same operation,
but no wire was inserted. Cerebral blood flow was monitored
using a Doppler flowmeter (Yongan lJixin, Beijing, China). The
effects of HPC on NLRP3 following different I/R conditions
were evaluated (reperfusion of 12, 24, and 36 hours). During
surgery, the body temperatures of all animals were monitored
and maintained between 37.0°C and 37.5°C using a heating
pad. The mice in each group were sacrificed at the end of the
indicted reperfusion period by decapitation under anesthesia
with isoflurane. Brain tissues were cryopreserved, and the
expression of NLRP3 was detected by western blot assay, as
previously described (Song et al., 2019).

Evaluation of neurological function

According to the standards for evaluating the Bederson
neurological function score (Bederson et al., 1986), the
neurological function of mice was evaluated after 12 hours of
reperfusion (Additional Table 1). Higher scores indicated more
severe injury in the animals. A score of 0 indicated normal
neurological function, whereas scores of 1-4 represented
neurological dysfunction.

Triphenyl tetrazolium chloride staining

After 12 hours of reperfusion, the animals were anesthetized.
After complete anesthesia, the heart was perfused with 10
mL normal saline; the whole brain tissue was frozen at —20°C
for approximately 30 minutes. The cerebellum and olfactory
bulb were discarded, and the remaining brain tissue was cut
into five continuous slices coronally. The brain slices were
placed in a closed container with 2% triphenyl tetrazolium
chloride solution and incubated in the dark for 15 minutes at
37°C. During this period, the brain slices were flipped every 5
minutes to ensure even staining. The relative infarct area was
calculated based on the following formula: relative infarct area
(%) = infarct area/total area of the brain.

Hematoxylin-eosin staining

Neuronal morphology was detected using hematoxylin-eosin
staining. After 12 hours of reperfusion, brain tissues were
isolated and fixed in 4% paraformaldehyde overnight, followed
by dehydration in 70%, 80%, and 90% ethanol solution, a
mixture of alcohol and xylene for 15 minutes, xylene | for
15, minutes and xylene Il for 15 minutes. The sections were
incubated in a mixture of xylene and paraffin for 15 minutes,
followed by paraffin | and paraffin Il, for 50-60 minutes, each.
The tissues were paraffin-embedded and sectioned into 10-
um slices. The paraffin-embedded sections were dewaxed and
hydrated. After being rinsed in distilled water, the slices were
dyed with hematoxylin solution for 3 minutes, differentiated
by hydrochloric acid alcohol differentiation solution for 15
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seconds, washed slightly, and returned to eosin solution for
15 seconds. Images were obtained using a light microscope
(Olympus), and pathological changes in the hippocampus
were analyzed.

Enzyme-linked immunosorbent assay

After 12 hours of reperfusion, the animals were anesthetized,
and brain tissues were collected for further use. The levels of
cytokine expression in the brain tissue were detected using
the indicated assay kits, according to the manufacturer’s
instructions, as previously described (Yang et al., 2019):
interleukin (IL)-8 assay kit (Cat# MM-0123M1, Meilian Bio,
Shanghai, China), IL-6 assay kit (Cat# MM-0163M1, Meilian
Bio), and IL-1PB assay kit (Cat# MM-0040M1, Meilian Bio).

Terminal-deoxynucleotidyl transferase-mediated nick-end
labeling staining

After 12 hours of reperfusion, the animals were anesthetized.
Brain tissues were collected and fixed in 4% paraformaldehyde
at 4°C overnight. The brain tissues were embedded in paraffin,
and 3-um sections were continuously sliced. The paraffin
sections were placed in an oven at 65°C for 2 hours, incubated
in xylene for 10 minutes, and then incubated in 100% ethanol,
95% ethanol, 80% ethanol, and purified water for 5 minutes
each. The slices were transferred into a wet box, 50 pg/mL
protein K working solution was added, and the reaction was
conducted at 37°C for 30 minutes. The sample was fully
washed three times with phosphate-buffered saline (PBS).
Residual PBS around the tissue was removed with absorbent
paper, and an excessive volume of terminal-deoxynucleotidyl
transferase-mediated nick-end labeling detection solution
was dripped onto the slice and incubated at 45°C for 2 hours,
followed by three washes with PBS. An anti-fluorescence
qguenching seal was used, and slices were examined under a
fluorescence microscope (Olympus). The apoptotic rate was
calculated using the formula: apoptotic rate (%) = Number
of terminal-deoxynucleotidyl transferase-mediated nick-end
labeling-stained cells (green)/number of DAPI-stained cells
(blue) x 100.

Immunofluorescence

After 12 hours of reperfusion, the animals were anesthetized.
Brain tissues were collected and fixed in 4% paraformaldehyde
at 4°C overnight. The tissues were cryoprotected in 30%
sucrose for 1 hour at 4°C and sectioned on a freezing
microtome (Leica, Munich, Germany) at 20 um. The slices
were heated and boiled in citric acid buffer for 2 minutes
and then washed with PBS after natural cooling. The slices
were transferred into a wet box, incubated with 5% bovine
serum albumin, and sealed at 37°C for 30 minutes. After
removing the blocking solution, rabbit anti-NLRP3 antibody
(1:100, Cat# bs-10021R, Bioss, Beijing, China) was added as
the primary antibody and incubated at 37°C for 3 hours. The
fluorescent goat anti-rabbit IgG-Fluor-488 (1:200; Cat# ZB-
2301, ZSGB-BIO, Beijing, China) was added and incubated at
37°C for 30 minutes. Nuclei were stained with 4',6-diamidino-
2-phenylindole (Beyotime, Ningbo, China), and images were
obtained using fluorescence microscopy. The fluorescence
intensity of NLRP3 was calculated using ImageJ software.

Western blot assay

After 12 hours of reperfusion, the animals were anesthetized.
Brain tissues were collected, and lysates were obtained, as
previously described (Song et al., 2019). After 30 minutes on
ice, the tissues were centrifuged at 4°C and 10,000 r/min for
10 minutes. The supernatant was carefully aspirated to obtain
the total protein. The protein concentration was determined
using a bicinchoninic acid kit (Beyotime, Beijing, China). The
proteins underwent denaturation in a boiling water bath,
and the samples were separated by sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (10% gel) for 1-2 hours,

followed by wet transfer to a nitrocellulose membrane for
30-50 minutes. The membranes were blocked by 5% non-fat
milk at room temperature for 2 hours and then incubated with
the following primary antibodies at 4°C overnight: rabbit anti-
NLRP3 antibody (1:100, Cat# bs-10021R, Bioss), rabbit anti-
Caspase-1 antibody (1:1000, Cat# AF5418, Affinity, Cincinnati,
OH, USA), rabbit anti-gasdermin D (GSDMD) antibody (1:1000,
Cat# AF4012, Affinity), and rabbit anti-B-actin (1:100, Cat#
bs-0061R, Bioss). The membranes were then incubated with
goat anti-rabbit IgG/horseradish peroxidase antibody (1:200,
Cat# bs-0295G-HRP, Bioss) at room temperature for 1-2
hours. An enhanced chemiluminescence exposure solution
(Thermo Fisher Scientific, Inc., Shanghai, China) was added to
the membrane and visualized using a gel imaging system (Bio-
Rad, Shanghai, China). The optical density of each band was
analyzed by Quantity One Software (Bio-Rad).

Statistical analysis

All data were processed using SPSS 19.0 (IBM Corp., Armonk,
NY, USA). Data are expressed as the mean + standard deviation
(SD). Significant differences among groups were analyzed by
one-way analysis of variance followed by Tukey’s post hoc test.
A value of P < 0.05 was considered significant.

Results

HPC prevents cerebral I/R injury

As shown in Figure 1A, four stages of HPC were examined in
mice. The time of tolerance limits used for the second, third,
and fourth hypoxia exposures were approximately two, four,
and six times the tolerance time established during the first
hypoxia exposure (F ,, = 89.68, P < 0.05), indicating that
the HPC effect was suitable, and the adaptability of mice to a
hypoxic environment was enhanced.

Figure 1B shows the western blot analysis of NLRP3 protein
expression in brain tissue after HPC combined with different I/R
protocols. As shown in Figure 1B, NLRP3 expression levels
increased with increased reperfusion time (F, ;5 = 3639, P
< 0.05), which indicated that the NLRP3 inflammasome was
involved in the regulation of HPC.

The Bederson neurological function score of the I/R group
was 3.5 + 0.58, which was significantly higher than those
for the sham and HPC groups (scores of 0), indicating that
the neurological function of the I/R mice was damaged and
that limb activity was abnormal. The Bederson neurological
function score of the HPC + I/R group was 2.5 + 0.58, which
was significantly lower than that of the I/R group, indicating
that HPC was able to reduce the effects of I/R injury in mice.
The results of triphenyl tetrazolium chloride staining (Figure 2)
showed that the infarct area of the I/R group was remarkably
larger than that in the sham group, whereas only a slight
infarct area was observed in the HPC + I/R group (F, 5 =
337.8, P<0.05).

HPC prevents neuronal apoptosis in the hippocampus of
cerebral I/R injury model mice

As shown in Figure 3, the hematoxylin-eosin staining results
showed that the hippocampal morphologies of the control
and HPC groups were complete, with regularly arranged
cortical cells and a clear structure. After I/R modeling, the
hippocampus was obviously damaged, including fuzzy
structures, irregular arrangements, and the infiltration
of inflammatory cells. Compared with the I/R group, the
pathological changes observed in the HPC + I/R group were
significantly improved. Terminal-deoxynucleotidy! transferase-
mediated nick-end labeling assay showed that the number
of apoptotic cells was significantly increased in the I/R group
than in the control group, whereas the apoptosis of the
hippocampal cells was significantly decreased in the HPC + I/R
group compared with that in the I/R group (Fg 5, = 55.21, P <
0.05; Figure 4).
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HPC prevents cytokine release in the brains of cerebral I/R
injury model mice

As shown in Figure 5, the cytokine contents, including IL-
1B, IL-6, and IL-8, were measured in the brain tissues of mice
using enzyme-linked immunosorbent assays. Compared with
that of the control group, the IL-1B content of the I/R group
significantly increased. HPC treatment significantly reduced
the levels of IL-1B (F5 5 = 117, P < 0.05), IL-6 (F(3 50 = 77.32, P
<0.05), and IL-8 (F5 5 = 90.04, P < 0.05) compared with those
in the I/R group.

HPC prevents the formation of the NLRP3 inflammasome in
cerebral I/R injury model mice
As shown in Figure 6, the expression levels of caspase-1,

>

o
=}
N
o

B
*#t

a1
3 118 kD:

N
(=}
*
ki3

o
=]
o

@
=}

Hypoxic tolerance time
(min)
*
®
>
Q
&} El
%
2
Q, |
R
%
Ox
%,
~
N
=
s}
5
Relative protein
expression of NLRP3
o
*

05
& & &
0 0
H1 H2 H3 H4 & & &8 e o«
N o
N
& & O
& & &L

Figure 1 | Validation of hypoxic preconditioning and NLRP3 expression in
1/R model mice.

(A) Comparison of the tolerance times measured for the four stages of
hypoxic preconditioning. (B) The expression of NLRP3 in the brains of I/R
model mice. The protein expression was normalized against that of B-actin.
Data are expressed as the mean + SD (n = 6). *P < 0.05, vs. H1 or HPC + I/R
12-hour group; #P < 0.05, vs. H2 or HPC + I/R 24-hour group; TP < 0.05, vs. H3
(one-way analysis of variance followed by Tukey’s post hoc test). 12 h: 12-hour
reperfusion; 24 h: 24-hour reperfusion; 36 h: 36-hour reperfusion. H1-4:

The first, second, third, and fourth hypoxic exposure events; HPC: hypoxic
preconditioning; I/R: ischemia/reperfusion; NLRP3: NOD-like receptor family
pyrin domain containing 3.
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GSDMD, and NLRP3 were detected by western blot assay
to represent the expression of the NLRP3 inflammasome.
The expression levels of caspase-1 (Fj; 5 = 1113, P < 0.05),
GSDMD (F s, 5 = 403.7, P < 0.05), and NLRP3 (F; , = 756.2, P
< 0.05) were significantly increased in the I/R group compared
with those in the control group, whereas those in the HPC +
I/R group were significantly reduced compared with those in
the I/R group. The immunopositivity of NLRP3, as determined
by immunofluorescence analysis, was similar to the results
observed in the western blot assay. The immunopositivity of
NLRP3 in the I/R group was significantly increased compared
with that in the control group, whereas that in the HPC + I/R
group was significantly reduced compared with that in the I/R
group (F 50 = 982.2, P < 0.05; Figure 7).
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Figure 2 | Effect of HPC on the infarct area in mice subjected to cerebral
I/R injury.

Triphenyl tetrazolium chloride staining showed infarct areas as gray-white
(arrows) and non-infarct areas as dark red. The infarct area in the I/R group
was remarkably increased compared with that in the control group, whereas
only a slight infarct area was observed in the I/R model after hypoxic
preconditioning. Data are expressed as the mean +SD (n =6). *P < 0.05,

vs. control group; #P < 0.05, vs. HPC group; P < 0.05, vs. I/R group (one-
way analysis of variance followed by Tukey’s post hoc test). HPC: Hypoxic
preconditioning; I/R: ischemia/reperfusion.

Figure 3 | Effect of HPC on the hippocampal
morphology in mice subjected to cerebral I/R
injury, as detected by hematoxylin-eosin staining.
The hippocampal morphology of the control and
HPC groups was complete. The cortical cells were
arranged regularly, and the structure was clear.
After I/R modeling, the hippocampus was obviously
damaged, presenting a fuzzy structure, irregular
arrangement, and the infiltration of inflammatory
cells (arrows). Arrows indicated the infiltration of
inflammatory cells. Scale bars: 100 pm. Original
magnification, 400x. HPC: Hypoxic preconditioning;
I/R: ischemia/reperfusion.
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Figure 4 | Effect of HPC on neuronal apoptosis in the brains of cerebral I/R injury model mice.

Terminal-deoxynucleotidyl transferase-mediated nick-end labeling assay showed that the number of apoptotic cells (arrows) in the I/R group was significantly
higher than that in the control group, whereas the number of apoptotic hippocampal cells in the HPC + I/R group was significantly decreased compared with
that in the I/R group. Scale bars: 100 um. Data are expressed as the mean + SD (n = 6). *P < 0.05, vs. control group; #P < 0.05, vs. HPC group; P < 0.05, vs. I/R
group (one-way analysis of variance followed by Tukey’s post hoc test). HPC: Hypoxic preconditioning; I/R: ischemia/reperfusion.

these were significantly reduced by HPC. Data are expressed as the mean + SD (n = 6). *P <

0.05, vs. control group; #P < 0.05, vs. HPC group; P < 0.05, vs. I/R group (one-way analysis

of variance followed by Tukey’s post hoc test). HPC: Hypoxic preconditioning; I/R: ischemia/
reperfusion; IL: interleukin.
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Figure 6 | Effect of HPC on the expression of caspase-1, GSDMD, and
NLRP3 in the brains of cerebral I/R injury model mice.

The expression levels of caspase-1, GSDMD, and NLRP3 were significantly
increased in the I/R group compared with those in the control group, whereas
those in the HPC + I/R group were significantly decreased compared with
those in the I/R group. Data are expressed as the mean + SD (n = 6). *P < 0.05,
vs. control group; #P < 0.05, vs. HPC group; “P < 0.05, vs. I/R group (one-way
analysis of variance followed by Tukey’s post hoc test). GSDMD: Gasdermin

D; HPC: hypoxic preconditioning; I/R: ischemia/reperfusion; NLRP3: NOD-like
receptor family pyrin domain containing 3.

Discussion

HPC can trigger the expression of a variety of protective
factors, such as hypoxia-inducible factor-1a, erythropoietin,
and vascular endothelial growth factor (Vellimana et al., 2020;
Zhang et al., 2020a). These cytokines can improve the hypoxia
tolerance of neurons through different mechanisms (Huang
et al., 2014; Zhu et al., 2014). As an endogenous protective
mechanism, HPC protects against neuronal injury (Fan et
al., 2020). In this study, we first determined the successful
establishment of HPC. Second, we found that NLRP3
expression increased with increased reperfusion time. Finally,
we evaluated the functional effects of HPC for the protection
against cerebral I/R injury. Our results indicated that HPC
could reduce cerebral I/R injury and NLRP3 inflammasome
expression levels in mice.

Excessive inflammatory reactions are detrimental to synaptic
growth, which can result in the development of brain
diseases (Amor et al., 2010; Wang et al., 2020b), such as
Alzheimer’s disease and depression. Cerebral I/R injury can
cause excessive inflammatory reactions in brain tissue, which
is an important mechanism of brain reperfusion injury (Pei et
al., 2015). A large number of inflammatory cells (leukocytes,
microglia, and astrocytes) and inflammatory mediators
(cytokines, chemokines, and adhesion molecules) participate
in the inflammatory reaction (Sochocka et al., 2017). In
this study, NLRP3 expression was upregulated following I/R
injury, especially among mice that underwent 36 hours of
reperfusion.

Pyroptosis is a newly discovered mechanism of programmed
cell death, accompanied by inflammatory reactions. Pyroptosis
shares morphological characteristics with both necrosis and
apoptosis (Cookson and Brennan, 2001). However, unlike
apoptosis, during pyroptosis, many 1-2 nm pores form on
the cell membrane, resulting in the loss of cell membrane
integrity, disrupting the ability to regulate the entry and
exit of substances. Eventually, the cell membrane dissolves
completely, releasing the cellular contents and inducing an
inflammatory reaction. Simultaneously, cells release IL-18,
resulting in the attraction of additional inflammatory cells,
which expand the inflammatory response (Fann et al., 2018).
In the present study, the IL-1B, IL-6, and IL-8 contents induced
by I/R were significantly reduced by HPC. Moreover, neuronal
apoptosis was also reduced by HPC. These results, together,
imply that pyroptosis during cerebral I/R injury might be
prevented by HPC. However, this finding must be verified by
additional experiments.

GSDMD is known as a killer protein that mediates cell death
and can independently mediate the release of inflammatory
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Figure 7 | Effect of HPC on the fluorescence intensity of NLRP3

in the brains of cerebral I/R injury model mice, as detected by
immunofluorescence.

The fluorescence intensity of NLRP3 in the I/R group was significantly
increased compared with that in the control group, whereas that in the
HPC + I/R group was significantly lower than that in the I/R group. Scale
bars: 100 um. Data are expressed as the mean + SD (n = 6). *P < 0.05, vs.
control group; #P < 0.05, vs. HPC group; P < 0.05, vs. I/R group (one-way
analysis of variance followed by Tukey’s post hoc test). DAPI: 4',6-Diamidino-
2-phenylindole; GSDMD: gasdermin D; HPC: hypoxic preconditioning; I/
R: ischemia/reperfusion; NLRP3: NOD-like receptor family pyrin domain
containing 3.
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mediators, such as IL-1B, in addition to initiating cell
membrane rupture and disintegration (He et al., 2015).
Pro-caspase-1 is indirectly associated with the pattern
recognition receptor NLRP3 via the adaptor protein adaptor-
associated speck-like protein, which forms a macromolecular
complex known as the caspase-1-dependent inflammasome.
After activation by inflammatory mediators, such as IL-15,
inflammatory corpuscles further activate GSDMD and induce
programmed cell necrosis (Saito et al., 2015). In studies in
which the GSDMD gene was knocked out by gene-editing
technology, macrophages were unable to initiate pyroptosis
following induction by LPS and known inflammatory body
agonists, indicating that GSDMD is a key pyroptosis gene
(Kayagaki et al., 2015). The protein expression levels of
caspase-1, GSDMD, and NLRP3 were detected by western blot
assay, which demonstrated that HPC treatment reduced the
expression levels of these three proteins. On the basis of the
results from this study, we predict that HPC may inhibit the
expression of inflammatory factors or other proteins that are
active in the NLRP3 inflammasome pathway.

In our experiments, we identified serious injury to the brain
tissue 12 hours after reperfusion, although a previous study
suggested that 36 hours of reperfusion were necessary to
induce severe injury (Huang et al., 2018). However, the death
rate after 36 hours of reperfusion in our experiment was high.
To reduce the death rate, we selected the 12-hour reperfusion
protocol. In the present study, we identified an obvious
protective effect of HPC against I/R injury. This study also
had some limitations. This study used an HPC pre-treatment
that is not feasible in the event of stroke-mediated I/R injury.
In our future studies, we will plan to examine whether HPC
can mediate the degree of I/R injury after infarction has
occurred. Additionally, we only examined male mice in our
study. Whether HPC exhibits similar functions in female mice
remains unknown because estrogenic effects in female mice
might influence the functions of HPC.

In conclusion, HPC prevented cerebral I/R injury in mice, likely
through the reduction of NLRP3 inflammasome expression.
This study suggested that HPC could serve as a potential
measure to prevent cerebral I/R injury.
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Additional Table 1 Longa’s neurological function score

Score

Degree of neurological deficit

Physical activity

0

E- NS I S

There was no sign of nerve injury
Mild focal injury

Moderate focal injury

Severe focal injury

Severe injury

Physical activity was normal

The right forelimb cannot fully extend

Right rotation when walking

Tilt to the right when moving autonomously

No autonomic activity, accompanied by disturbance of

consciousness




