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ABSTRACT: Long-term exposure to PM2.5 is associated with hepatic lipid metabolism disorders, in which caspase-1 is
involved, but the mechanism is not fully understood. This study focused on the role of the caspase-1 inhibitor VX-765.
A long-term PM2.5 exposure model was constructed by concentrating ambient air particles. Mice were intraperitoneally
administered with VX-765. The body weight, liver index, blood lipid, and hepatic disorder indices were measured.
Hematoxylin and eosin staining, immunohistochemical staining, Western blot analysis, and real-time quantitative
polymerase chain reaction were employed to assess histopathological changes and quantify the expression levels of
target proteins and mRNAs. The results indicated that VX-765 could inhibit hepatic disorder, improve body weight and
liver index, and regulate lipid metabolism by affecting the expression of key factors such as caspase-1, IL-1β , SREBP-1,
PPAR-α, PPAR-γ, and PDK4. In conclusion, caspase-1 inhibitors offer a novel approach for alleviating hepatic disorder
caused by long-term PM2.5 exposure.
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INTRODUCTION

Particulate matter 2.5 (PM2.5), with a size smaller than
2.5 µm, constitutes a major portion of atmospheric
particulate matter. It ranks as the fifth leading cause
of global mortality and significantly contributes to the
global disease burden [1]. In Hebei Province, China,
coal consumption is high due to energy-intensive in-
dustries like steel production, petrochemicals, and
building materials [2]. This makes Hebei a primary
source of PM2.5. Epidemiological and clinical studies
have shown that PM2.5 exposure first affects the lungs
and then spreads to other organs via the bloodstream
with the liver being an important target organ as it
plays a vital role in metabolizing drugs and toxins
[3, 4].

Lipids are essential nutrients for maintaining en-
ergy homeostasis and are constituents of cells and
tissues [5]. Previous research has demonstrated that
ambient PM2.5 exposure can disrupt hepatic lipid
metabolism with the dysregulation of enzymes in-
volved in lipid metabolism (such as those related to
lipogenesis, lipolysis, and fatty acid oxidation) being
the molecular basis for this disruption [6]. More-
over, PM2.5 has been found to induce pyroptosis
through the activation of the classic NOD-like re-
ceptor pyrin domain containing 3 (NLRP3)-Cysteinyl
aspartate specific proteinase-1 (caspase-1)-Gasdermin

D protein (GSDMD) pathway, which involves the
activation of caspase-1 and an increased release of
Interleukin-1β (IL-1β). This provides evidence for
targeting the caspase-1/IL-1β pathway, which is cru-
cial in PM2.5-induced pyroptosis and inflammatory re-
sponses [7]. Currently, there is limited research on
hepatic metabolism induced by PM2.5, highlighting the
need for further study.

Caspase-1, a cysteine-containing enzyme, plays an
essential role in the inflammasome and is involved
in generating active IL-1β and Interleukin-18 (IL-18)
by breaking down their initial forms. It also has a
role in regulating body weight and glucose home-
ostasis [8]. Caspase-1 has wide substrate specificity
beyond inflammation in metabolic pathways, sug-
gesting it may have different roles in the body. It
targets different metabolic pathways, including lipid
metabolism, where it can modulate genes involved
in lipid metabolism or regulate it through cytokine
action [9]. VX-765 is an acknowledged inhibitor of
caspase-1, which is a prodrug of VRT-043198 and can
be taken orally. By acting on peripheral blood mononu-
clear cells, it hinders the secretion of IL-1β and IL-18
when stimulated by lipopolysaccharide (LPS) [10].

Given the established link between PM2.5 exposure
and hepatic disorder, this study aims to elucidate the
molecular mechanisms underlying PM2.5-induced liver
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lipid metabolic disorder and investigate whether VX-
765 could mitigate hepatic damage caused by PM2.5
through the regulation of lipid metabolism.

MATERIALS AND METHODS

Animal source and grouping

Forty male C57BL/6 SPF grade mice, weighing 18–
20 g, were accommodated in barrier environmental
facilities at the Animal Experimental Center of the
North China University of Science and Technology
[LAEC-NCST-2020109; China], maintaining a temper-
ature range of 21 to 24 °C, relative humidity of 50%,
and a consistent 12 h cycle of day and night. All
mice had access to standard chow and distilled water.
Four groups of mice (Control: Filtered Air Exposure
group, PM: Concentrated PM2.5 Air Exposure group,
PV: Concentrated PM2.5 Air Exposure+VX-765 Inter-
vention group, and VX: Filtered air exposure + VX-
765 intervention group) were randomly selected after
a seven-day acclimatization period. The weight of the
mice was recorded on a weekly basis. Details of the
reagents and instruments used in this study are pro-
vided in Table S1 and Table S2 of the Supplementary
Materials.

Animal exposure and intervention

The mice in the PM and PV groups were subjected
to the dynamic inhalation exposure chambers of the
exposure system, where the concentration of PM2.5
was 8 times higher than the outdoor concentration,
6 h per day, 7 days per week. The mice in the
Control and VX groups were accommodated in a ded-
icated ventilated cage feeding system with a PM2.5
concentration of 0 units. The exposure period spanned
from October 15, 2022, to January 1, 2023, totaling
100 days. The VX-765, a caspase-1 inhibitor, was
administered to the mice in the PV and VX groups at a
dose of 50 mg/kg. The administration was carried out
by intraperitoneal injection once every 3 days, com-
mencing from the onset of the exposure and persisting
throughout the entire 100-day period. In the clean
air exposure group (Con) and PM2.5 concentrated air
exposure (PM), mice received an intraperitoneal injec-
tion of an equal 0.9% volume of saline with the same
intervention method and frequency as the PV and VX
groups. At the conclusion of the exposure experiments,
the mice were anesthetized with 1% sodium pentobar-
bital. Subsequently, the liver was rinsed with a solution
of saline and phosphate buffers. Sections of the liver
were either preserved for histological evaluation or
rapidly frozen for additional biochemical testing.

Biochemical indicator

The levels of serum total cholesterol (TC), triglyc-
eride (TG), aspartate aminotransferase (AST), ala-
nine aminotransferase (ALT), high-density lipoprotein

(HDL), and low-density lipoprotein (LDL) were mea-
sured using an automated biochemical analyzer.

Histopathological examination and
immunohistochemical staining

In order to perform a histological examination,
the liver tissue was extracted and stored in 4%
paraformaldehyde for at least 24 h. Afterward, the
preserved tissues were embedded in paraffin, sliced
at a thickness of 4 µm, and mounted on glass slides.
The liver tissue was then stained with Hematoxylin
and eosin (HE). Also, the liver tissue samples were
subjected to immunohistochemical (IHC) staining
to detect the presence of specific protein levels of
caspase-1, Peroxisome Proliferator-Activated Receptor-
α (PPAR-α), Peroxisome Proliferator-Activated
Receptor-γ (PPAR-γ), and Pyruvate Dehydrogenase
Kinase 4 (PDK4).

Western blot (WB) analysis

Total proteins extracted from liver tissues were quan-
tified and denatured in a loading buffer at high tem-
peratures. To prevent repeated freezing and thaw-
ing cycles, frozen protein samples were stored sepa-
rately at −20 °C. For electrophoresis, we used an SDS-
PAGE system containing sodium dodecyl sulfate to
separate the proteins based on their size. The pro-
teins were then transferred to prewetted nitrocellulose
membranes using a buffer optimized for membrane
transfer. To minimize nonspecific antibody binding,
the membranes were blocked with Tris-buffered saline
containing 5% skim milk overnight. Following block-
ing, primary antibodies that target caspase-1, IL-1β,
cluster of differentiation 36 (CD36), and SREBP-1 were
used to incubate the membranes to detect their expres-
sion levels. After incubating with the primary antibody,
the membranes were washed with Tris-Buffered Saline
(TBS) to remove unbound antibodies. Secondary an-
tibodies conjugated with a fluorescent marker were
then applied for 1 h to enable the visualization of
the protein bands. The protein bands were identified
and measured utilizing the Li-Cor Odyssey imaging
system. ImageJ software (NIH, Bethesda, MD, USA)
was utilized for the quantitative analysis of fluores-
cence density, allowing for precise measurement of the
expression levels of the target proteins.

Quantitative real-time polymerase chain (qPCR)
reaction

The RNA extraction kit was employed for the isolation
of total RNA from the liver tissues in accordance with
the instructions outlined by the manufacturer. The
reverse transcription process was conducted using the
PrimeScript RT Master Mix. The mRNA levels of
caspase-1, CD36, PPAR-α, PPAR-γ, SREBP-1, PDK4, and
β-actin were measured using a real-time quantitative
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fluorescent RNA amplification machine. The ampli-
fication procedure was performed as follows: initial
denaturation at 95 °C for 3 min; followed by 40 cycles
of denaturation at 95 °C for 15 s, annealing/extension
at 60 °C for 1 min. The relative expression of target
genes was calculated using the 2−∆∆Ct method. The
primers (see Table S3 presented in the Supplementary
Materials) were designed by Sangon Biotech Company
(Shanghai, China). Then, Sanger sequencing was
performed on qPCR products generated with divergent
primers.

Statistical analysis

Data analysis was performed using SPSS 23.0. For
small-sample multi-group measurement data, the
Shapiro-Wilk normality test was conducted first. If
all data were normally distributed, they were rep-
resented by mean±standard deviation. Otherwise,
the interquartile range was used. For comparison
of 2 groups of data, a normality test was performed
first. If the data were normally distributed, an inde-
pendent sample t-test was used. Before the t-test, a
homogeneity of variance test (Levene Statistic) was
conducted. If the variances were homogeneous, the t-
test was directly performed. If the variances were not
homogeneous, a correction method (such as Welch’s t-
test) was used. For multi-group normal measurement
data, one-way ANOVA was used. First, a homogeneity
of variance test was conducted. If the variances were
homogeneous, F-test and SNK pairwise comparisons
were used. If the variances were not homogeneous,
Welch’s t-test and Dunnett’s T3 pairwise comparisons
were used (if there was no significance, no pairwise
comparison was made). For multi-group non-normal
measurement data, Kruskal-Wallis one-way ANOVA
was used for pairwise comparisons. GraphPad Prism 9
software was used for plotting. A p-value less than 0.05
was considered statistically significant.

RESULTS

Exposure concentration of particulate matter
(PM2.5)

From September 25, 2022, to March 1, 2023, the aver-
age concentration of PM2.5 in the Animal Experimental
Center of North China University of Science and Tech-
nology was about 43.34 µg/m3. During 100 days of
PM2.5 exposure, the average concentrations in the Con
and PM rooms were 0 and 346.9 µg/m3, respectively.
Particulate matter smaller than 0.25 micrometers was
not detected in the Con chamber in our study either.
The detection rates of particulate matter below 2.5 µm
were 99.59% in the PM chambers.

Long-term exposure to PM2.5 induces hepatic
disorder

As shown in Fig. 2(a–h), after 100 days of PM2.5 ex-
posure, a remarkable decrease in weight and a sig-

nificant increase in liver coefficients were observed
(p < 0.05). The above results indicated that the
metabolism of mice was affected by PM2.5, resulting
in weight loss and increased liver weight. Meanwhile,
the levels of TC, TG, AST, ALT, and LDL in serum were
significantly higher, while that of HDL in serum was
significantly lower in the PM group than in the Con
group. The changes in biochemical markers indicated
that the accumulation of excess triglycerides, increased
adipose tissue, and metabolic disorders were caused
by long-term exposure to PM2.5. As shown in Fig. 2(i),
histopathological observation of liver tissues revealed
that a large number of lipid droplets appeared, cloudy
swelling of hepatocytes significantly increased, and
inflammatory cell infiltration occurred in hepatocytes
after exposure to PM2.5. Therefore, a conclusion con-
sistent with other research findings can be drawn that
the induction of PM2.5 makes the liver more prone to
lipid accumulation.

Long-term exposure to PM2.5 activates lipid
metabolic pathways to promote hepatic disorder

To elucidate the effect of PM2.5 exposure on lipid
metabolism at the molecular level, the expression of
key genes and their corresponding proteins involved
in lipid metabolic processes, namely caspase-1, IL-1β,
PDK4, CD36, SREBP-1, PPAR-α, and PPAR-γ, were
focused on, as shown in Fig. 3. In the context of WB,
which detects protein levels, the relative amounts of
the target proteins are reflected by the band intensities.
In the WB results, compared with the control group,
the PM group showed a significant upregulation of
caspase-1 protein, IL-1β protein, CD36 protein, and
SREBP-1 protein (p < 0.05). These WB results vali-
dated the changes in protein expression levels induced
by PM2.5 exposure. Regarding qPCR analysis, which
measures mRNA levels of genes, the qPCR results ex-
hibited a similar trend to the protein expression levels
detected by WB. Specifically, the mRNA expressions
of PPAR-α and PPAR-γ in the PM group decreased
(p < 0.05), while a significant upregulation of PDK4
mRNA was evident (p < 0.05), indicating that lipid
metabolism at the transcriptional level is also affected
by PM2.5 exposure. Regarding IHC, significant im-
portance is held by the brownish indication. In the
context of IHC, the presence and distribution of the
target proteins under investigation are indicated by
the brownish color. A higher expression level of these
proteins may be suggested by a stronger brownish
staining intensity. In the PM group exposed to PM2.5,
the alterations in protein expression levels caused by
PM2.5 are understood with the help of the changes in
the brownish indication. In this experiment, consis-
tency between the trend of IHC and that of WB and
PCR is observed. Additionally, crucial evidence for
understanding the molecular mechanisms underlying
PM2.5-induced changes in lipid metabolism is provided
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Fig. 1 The distribution of PM2.5 concentrations within the exposure chambers during exposure duration.
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Fig. 2 Alterations in blood lipid biochemical parameters and HE staining in response to long-term exposure to PM2.5.
Parameters analyzed including (a) weight, (b) liver coefficient, (c) TC, (d) TG, (e) LDL, (f) HDL, (g) AST, and (h) ALT,
n = 6. (i) HE staining performed for each group at a magnification of 200×. Pairwise comparisons were evaluated by the
independent sample t-test. * p < 0.05 and ** p < 0.01.

by the detailed analysis of the results of WB and PCR
as well as the brownish indication in IHC.

Caspase-1 inhibitors alleviate PM2.5 induced
hepatic disorder

As seen in Fig. 4 (a–h), a significant weight recovery
and liver index decline were observed in the PV group
compared with the PM group. The levels of AST, ALT,
TC, TG, and LDL in serum decreased, and the level of

HDL in serum increased significantly (p<0.05). The
adverse effects of concentrated PM2.5 air exposure on
blood lipid profiles and liver function seem to be miti-
gated by treatment with caspase-1 inhibitors (p<0.05).
The histological findings unequivocally demonstrate
that hepatic injury and lipid accumulation in mouse
livers exposed to PM2.5 are effectively mitigated and re-
duced by the inhibition of caspase-1 such as using VX-
765. In the PV group, cloudy swelling of hepatocytes
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Fig. 3 Alterations in protein and transcriptional levels of factors related to lipid metabolism upon long-term exposure to PM2.5.
(a–e) Protein expression levels of caspase-1, IL-1β, CD36, and SREBP-1, n= 3. (f) mRNA expression levels of caspase-1, CD36,
SREBP-1, PPAR-α, PPAR-γ, and PDK4, n = 6. (g) IHC revealing the expression of caspase-1, PPAR-α, PPAR-γ, and PDK4 in
each group. Under a magnification of 200×, the black arrow indicates the positive area. The significant differences among
multiple groups were evaluated by one-way ANOVA. * p < 0.05 and ** p < 0.01.
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Fig. 4 Alterations in blood lipid biochemical parameters and HE staining in mice with long-term exposure to PM2.5 after
treatment with the caspase-1 inhibitor. Parameters analyzed including (a) weight, (b) liver coefficient, (c) TC, (d) TG, (e) LDL,
(f) HDL, (g) AST, and (h) ALT, n = 6. (i) HE staining performed for each group at 200× magnification. The significant
differences among multiple groups were evaluated by one-way ANOVA. * p < 0.05 and ** p < 0.01.

was significantly decreased with scattered inflamma-
tory cell infiltration in hepatocytes, and a large number
of lipid droplets decreased as shown in Fig. 4 (i). These
results underscore the potential therapeutic efficacy of
caspase-1 inhibition in mitigating PM2.5-induced liver
damage.

Caspase-1 inhibitors alleviate PM2.5 activated lipid
metabolic pathway promoting hepatic disorder

To further investigate the role of caspase-1 in PM2.5
exposure-induced hepatic disorder, an intervention
with VX-765 was conducted in the animal experiment.
Additional theoretical support for the targeting of the
caspase-1/IL-1β pathway has been provided by recent
studies. In our study, the WB results demonstrated
that, in comparison with the PM group, the protein ex-
pression levels of caspase-1, IL-1β, CD36, and SREBP-1
were decreased in the PV group (p < 0.05). The PCR
results were in accordance with those of WB. Moreover,
it was revealed that the transcript level of PDK4 was

decreased in the PV group relative to the PM group
(p < 0.05), while the levels of PPAR-α and PPAR-γ
were heightened (p < 0.05). As shown in Fig. 5, IHC
results consistent with the trends of WB and PCR were
observed. It is suggested that PM2.5-induced metabolic
dysregulation is alleviated by the administration of
caspase-1 inhibitor. In summary, our study not only
confirms the previous findings but also provides new
evidence for the role of the caspase-1/IL-1β pathway in
PM2.5-induced hepatic disorder and lipid metabolism
disorders, thereby further emphasizing the potential
of caspase-1 inhibitors in regulating lipid metabolism
and offering a therapeutic strategy to counteract the
detrimental effects of PM2.5 exposure on liver function
and overall metabolic health.

DISCUSSION

Previous research has demonstrated that long-term ex-
posure to PM2.5 can induce hepatic steatosis and non-
alcoholic fatty liver disease (NAFLD) in mice [12, 13].
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Fig. 5 Alterations in protein and transcriptional expression levels of lipid metabolism-related factors in mice with long-term
PM2.5 exposure upon treatment with the caspase-1 inhibitor. (a–e) Protein expression levels of caspase-1, IL-1β, CD36, and
SREBP-1, n= 3. (f) mRNA expression levels of caspase-1, CD36, SREBP-1, PPAR-α, PPAR-γ, and PDK4, n= 6. (g) IHC revealing
the expression of caspase-1, PPAR-α, PPAR-γ, and PDK4 in each group. Under a magnification of 200×, the black arrow
indicates the positive area. The significant differences among multiple groups were evaluated by one-way ANOVA. * p < 0.05
and ** p < 0.01.
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Given the pivotal role of the caspase-1 pathway in the
adverse health effects associated with PM2.5 and the
variability of PM2.5 physicochemical properties, this
study focused on investigating the pro-inflammatory
effects of PM2.5 collected during the winter months and
uncovering its underlying mechanisms. In our study,
PM2.5 was concentrated using an 8-fold concentration
of the whole body dynamic exposure system of small
animals in the Animal Experimental Center of the
North China University of Science and Technology,
and it was found that this concentrated PM2.5 could
influence liver lipid metabolism disorders through the
caspase-1 pathway [14].

The caspase-1 inhibitor VX-765 was administered
to mice by intraperitoneal injection at a dose of
50 mg/kg every 3 days for a total of 100 days. This
extended treatment duration may introduce potential
factors that could influence the research results. Mul-
tiple injections over such a long period could lead
to injection stress, potentially affecting the physio-
logical state of the mice [15]. This might result in
alterations in behavior patterns or hormonal balance,
subsequently influencing the metabolic processes of
the liver and the overall response to the drug [16].
Additionally, local tissue damage caused by repeated
injections may affect the absorption and distribution
of the drug in the body, ultimately influencing the
experimental results [17]. However, notwithstanding
these potential concerns, our results suggest that the
interference from these factors was not substantial
enough to obscure the observed trends. This could be
ascribed to the standardized injection procedure and
the close surveillance of the mice, which contributed
to ensuring that any potential interference was mini-
mized [18]. Nevertheless, these potential interferences
should be further explored by future studies to provide
a more comprehensive understanding and to ensure
the reliability and validity of the results.

To evaluate the impact of PM2.5 exposure on the
livers of mice, an online PM2.5 concentration enrich-
ment system was used to create an animal model. The
exposed mice exhibited weight loss, increased liver in-
dex, and changes in biochemical markers, including el-
evated serum levels of TC, TG, AST, ALT, and LDL, and
decreased HDL. Histopathology revealed destruction
of the liver lobes, disordered arrangement of the liver
plates, and fat vacuoles, suggesting hepatic disorder
with lipid metabolic disorder following concentrated
exposure to PM2.5 [19].

To verify whether concentrated exposure to PM2.5
air leads to lipid metabolic disorder, we measured
the levels of caspase-1, IL-1β, CD36, SREBP-1, PPAR-
α, PPAR-γ, and PDK4. These proteins are intricately
involved in hepatic lipid disorders. SREBP-1 regulates
lipogenesis by mediating the transcription of various li-
pogenic enzymes, thereby playing a crucial role in lipid
metabolism [20]. PPAR-γ activation induces the tran-

scription of many downstream lipogenic markers and
primarily regulates a group of enzymes and proteins
involved in fatty acid intake, transport, and oxidation,
contributing to lipid homeostasis [21]. PDK4, a key
lipid metabolism molecule, affects the expression of
essential enzymes, thus influencing lipid metabolism
pathways [22]. CD36, a multifunctional receptor
that regulates fatty acid metabolism, promotes lipid
binding and accumulation, affecting lipid distribution
within the liver [23]. The cytokines IL-1β and caspase-
1 dependent cytokines IL-16 and IL-18 seem to affect
adipogenesis, adiposity, and lipid metabolism, high-
lighting their significance in lipid regulation. It is
important to note that both IL-1β and caspase-1 are
involved in the pyroptosis pathway, which has also
been reported as a mechanism of PM2.5 in cells [24].
This pyroptosis pathway may play an important role in
the lipid metabolism disorder associated with PM2.5 ex-
posure. It could potentially interact with the functions
of these proteins and further exacerbate the disruption
of lipid metabolism. For example, the activation of
the pyroptosis pathway might influence the activity of
SREBP-1, PPAR-α, PPAR-γ, and other proteins involved
in lipid metabolism, either directly or through the
modulation of cytokine production [25]. However, the
exact nature of these interactions and their implica-
tions for lipid metabolism require further investigation.
In our study, a decrease in PPAR-α and PPAR-γ after
PM2.5 exposure was observed, which may be attributed
to the following mechanisms. PM2.5 may trigger ox-
idative stress and inflammation, which can interfere
with the normal signaling pathways that regulate the
expression of PPAR-α and PPAR-γ [26]. Additionally,
the increased expression of cytokines and other factors
in response to PM2.5 exposure may downregulate these
receptors [27]. This suggests that PM2.5 is involved
in and induces lipid metabolism disorder. However,
the mechanism of lipid metabolism caused by caspase-
1 still needs to be further deepened. Studies have
reported that caspase-1 plays an important role in reg-
ulating lipid metabolism by coordinating the clearance
of circulating triglycerides in healthy mice [28]. We
intervened by intraperitoneal injection of the caspase-
1 inhibitor VX-765 every 3 days and compared body
weight, biochemical indicators, histopathological ob-
servations, and changes in lipid metabolism-related
genes among the groups. The results showed that
the caspase-1 inhibitor can improve hepatic disor-
der caused by PM2.5. Moreover, changes in lipid
metabolism-related genes indicated that caspase-1 can
control inflammation-promoted hepatic disorder, fat
transport and intake, and lipid binding and regulate
key enzymes in lipid metabolism through pathways
such as IL-1β, SREBP-1, PPARs, PDK4, CD36. When
caspase-1 is activated, it may affect the secretion of IL-
1β. Specifically, caspase-1 participates in the process-
ing of the IL-1β precursor to make it an active form.
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The active IL-1β then affects the differentiation of fat
cells and the fat accumulation in the lipid metabolism
process. This conclusion is in accordance with the
findings of Vijayaraj et al and Akita et al [24, 29].

Caspase-1 may also affect the activity of SREBP-
1. It may interact with the regulatory proteins related
to SREBP-1 to change its conformation or its location
in the cell, thereby affecting its activity. Caspase-1 may
inhibit the degrading process of SREBP-1, increasing its
concentration in the cell and mediating more transcrip-
tion of fat-generating enzymes, ultimately affecting
the synthesis of lipids. Those in agreement with our
research findings include the reports from Niu et al and
others [30, 31]. Caspase-1 may also inhibit the expres-
sion of PPAR-α and PPAR-γ. It may interact with the
promoter region of the genes of PPAR-α and PPAR-γ or
their transcriptional regulatory factors to interfere with
the transcription process. Since PPAR-α and PPAR-
γ play a crucial role in the oxidation of fatty acids,
their inhibition affects the oxidation process of fatty
acids and leads to an imbalance in lipid metabolism.
The reduction in the expression of PPAR-α reduces the
transcription of fatty acid oxidation-related enzymes,
causing the accumulation of fatty acids in the cell
and affecting the normal progress of lipid metabolism.
In our research, the caspase-1 inhibitor is capable of
elevating the protein expression levels of PPAR-α and
PPAR-γ following long-term exposure to PM2.5. This
conclusion is in harmony with the findings of Grabacka
et al and others [32–34]. In addition, caspase-1 may
regulate the effect of CD36 in terms of fat transport
and binding. It may phosphorylate or dephosphorylate
CD36 to change its activity or its affinity for lipid
molecules. When caspase-1 phosphorylates CD36,
the binding ability of CD36 to fatty acids may be
enhanced, promoting the binding of lipids to cells and
affecting the transport and distribution of lipids in the
body, ultimately changing the lipid metabolism process
[35, 36]. Simultaneously, caspase-1 inhibitors can also
inhibit lipid metabolism and transport to reduce lipid
metabolic disorder. Therefore, targeted inhibition of
caspase-1 might be a potential ideal drug for the treat-
ment or prevention of PM2.5-induced hepatic disorder.

However, this study still has certain limitations.
Firstly, our research was conducted in the C57BL/6
mouse model. There is a possibility that long-term
PM2.5 exposure may trigger systemic inflammation in
mice, leading to liver dysregulation. The observed ef-
fects of VX-765 treatment may be due to a reduction in
systemic inflammation rather than being liver-specific.
This model has certain limitations. Secondly, regarding
the specific molecular mechanism by which caspase-
1 inhibitors regulate lipid metabolism disorders, more
in-depth exploration is still needed. This may involve
the regulation of related signaling pathways such as
the NF-κB and AMPK pathways, which will provide a
theoretical basis for the development of more effective

treatment strategies.

CONCLUSION

In conclusion, long-term exposure to PM2.5 is associ-
ated with the occurrence of hepatic lipid metabolism
disorders. In this study, a mouse model of a small
animal whole-body dynamic exposure system was used
to intervene, and it was shown that PM2.5 exposure
could induce liver lipid metabolism disorders in mice
through caspase-1-mediated inflammatory response.
Elucidating the mechanism of PM2.5-induced hepatic
lipid metabolism disorders provides useful information
for the prevention and treatment of PM2.5-associated
liver diseases.

Appendix A. Supplementary data

Supplementary data associated with this article can be found
at https://dx.doi.org/10.2306/scienceasia1513-1874.2025.
028.
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Appendix A. Supplementary data

Table S1 The details of reagents.

Reagent Catalog Brand Location Country

C57BL/6 SPF grade mice SCXK (jing): Huafukang Company Beijing China
2020-0004

Caspase-1 inhibitor VX-765 S2228 Selleck Chemicals Houston USA
Maintenance feed 1032 Huafukang Biotechnology Co., Ltd Beijing China
10×PBS P102 Solarbio Science & Technology Co., Ltd Beijing China
Hematoxylin-eosin staining kit C0105S Solarbio Science & Technology Co., Ltd Beijing China
BCA quantification kits P1200 Solarbio Science & Technology Co., Ltd Beijing China
SDS-PAGE Gel Kit P1040 Solarbio Science & Technology Co., Ltd Beijing China
SDS-PAGE 5×loading buffer with DTT T1081 Solarbio Science & Technology Co., Ltd Beijing China
Immobilon®-P PVDF Membrane IPVH00005 Merck KGaA Darmstadt Germany
caspase-1 antibody AF5418 Affinity Biosciences Ltd OH Darmstadt USA
IL-1β antibody BF8021 Affinity Biosciences Ltd OH Darmstadt USA
PPAR-γ antibody AF6284 Affinity Biosciences Ltd OH Darmstadt USA
CD36 antibody PDF13262 Affinity Biosciences Ltd OH Darmstadt USA
SREBP-1 antibody AF6283 Affinity Biosciences Ltd OH Darmstadt USA
PPAR-α antibody 66826-1-Ig Proteintech group Inc Wuhan China
PDK4 antibody 12949-1-AP Proteintech group Inc Wuhan China
β-actin antibody 66009-1-Ig Proteintech group Inc Wuhan China
Rabbit IgG antibody SA00001-2 Proteintech group Inc Wuhan China
Mouse IgG antibody SA00001-1 Proteintech group Inc Wuhan China
ECL Enhanced Chemiluminescent Substrate AP34L014 Lee Biosolutions Inc Shanghai China
Total RNA Extractor Kit LS1040 Promega Corporation Madison USA
BlasTaq™ Probe 2×qPCR MasterMix G890 Applied Biological Materials Inc Vancouver Canada
All-In-One 5×RT MasterMix G592 Applied Biological Materials Inc Vancouver Canada
Two-step Universal Kit PV-8000 ZSGB-Bio Beijing China

Table S2 The details of instruments.

Instrument Catalog Brand Location Country

Fully automatic biochemical analyzer LABOSPECT008 AS BioTek Instruments Inc Tokyo Japan
Dynamic inhalation exposure chambers HRH-WBE10586 HuiRongHe Technology Inc Beijing China
of the exposure system
Microplate spectrophotometer-Absorbance Epoch BioTek Instruments Inc Winooski USA
microplate detector for microplates
Biological microscope BM1000 Jiangnan Novel Optics Co., Ltd Nanjing China
WB developing instrument and ChemiScope 6100EXP Chinon Scientific Instrument Shanghai China
chemiluminescence imaging system Co., Ltd
Electrophoresis tank JY-ZY5 Junyi Oriental Electrophoresis Beijing China

Equipment Co Ltd
Sanyo laboratory flake ice maker of SIM-F140BDL Panasonic Corporation Co., Ltd Osaka Japan
of Panasonic
Electronic balance Model AX223ZH/E Ohaus Instruments Co. Ltd Changzhou China
Micro high-speed refrigerated centrifuge Model 1730R Gene Technology Co., Ltd Wuhan China
Universal electrophoresis power supply Model JY300E Junyi Oriental Electrophoresis Beijing China

Equipment Co., Ltd
Gene amplification instrument Model Biometra TOne 96G Analytik Jena AG Jena Germany
PCR concentration detector and NanoDrop Model V1.0 User Manual Thermo Fisher Scientific Massachusetts USA
2000/2000c Spectrophotometer system
Real-time fluorescent quantitative Model qTOWER³G 230V Thermo Fisher Scientific Massachusetts USA
gene amplification instrument

Table S3 The sequences of relevant primers for RT-qPCR.

Gene Forward Primer 5′–3′ Reverse Primer 5′–3′

caspase-1 CGAGGGTTGGAGCTCAAGTT AGAAGTCTTGTGCTCTGGG
CD36 TGGGTTTTGCACATCAAAGA GATGGACCTGCAAATGTCAGA
PPAR-α TATTCGGCTGAAGCTGGTGTAC CTGGCATTTGTTCCGGTTCT
PPAR-γ TGGAAGCCTGATGCTTTATCCCCA ATTCTGGCCCACCAACTTCGG
PDK4 TTCACACCTTCACCACATGC ATCCCAGGTCGCTAGGACTTCAGG
β-actin GATCTGGCACCACACCTTCT GGGTGTTGAAGGTCTCAAA
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