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CHMP3 promotes the progression of hepatocellular
carcinoma by inhibiting caspase-1-dependent pyroptosis
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Abstract. Charged multivesicular body protein 3 (CHMP3)
is an elemental constituent of the endosomal sorting complex
required for transport (ESCRT) II1, whose function as a tumor
susceptibility gene in the development of liver cancer remains
unclear. CHMP3 was found to be associated with pyroptosis by
bioinformatics analysis of data from patients with hepatocel-
lular carcinoma (HCC) in The Cancer Genome Atlas database.
It was aimed to explore the role and potential mechanisms of
CHMP3 in the development of liver cancer. The expression of
CHMP3 at the tissue level was examined using immunohis-
tochemistry and western blot analysis. Subsequently, HepG2
and Huh-7 cells were transfected with small interfering RNA
and overexpression plasmids to change CHMP3 expression.
The proliferative capacity of cells was examined using colony
formation and Cell Counting Kit-8 assays. Wound healing and
Transwell assays were used to examine the migratory and inva-
sive abilities of the cells. Transmission electron microscopy
was used to observe changes in cell morphology. Western blot-
ting was used to examine the expression of caspase-1 signaling
pathway related proteins, a classic pathway of pyroptosis. In
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addition, a xenograft tumor model was used to examine the
tumorigenic ability of CHMP3 in vivo. The results demon-
strated that CHMP3 expression was upregulated in HCC and
was associated with poor prognosis. Knockdown or overex-
pression of CHMP3 inhibited or promoted the proliferation,
migration and invasion of liver cancer cells. Knockdown of
Huh-7 showed changes in cell membrane integrity as well as
cytoplasmic leakage. Furthermore, knockdown of CHMP3
may activate the caspase-1 pyroptosis signaling pathway which
in turn inhibits the progression of liver cancer, and this effect
can be reversed by the caspase-1 inhibitor AYC. In conclusion,
CHMP3 may affect the development of liver cancer through
the caspase-1-mediated pyroptosis pathway.

Introduction

Hepatocellular carcinoma (HCC) is the 6th ubiquitous tumor
worldwide and the main cause of cancer-related deaths (1).
Previous evidence revealed that after decades of dramatic
increasing, the incidence of primary liver cancer in men has
stabilized, but the incidence in women continues to rise by
>2% per year (2). Recently, there have been novel advances in
the therapy of precision management of HCC, such as accurate
surgical resection, immunotherapy and targeted molecular
therapies (3). Patients with multinodular HCC are preferred
for hepatectomy and have a satisfactory long-term survival (4).
For advanced-stage HCC, the sequence of first-line immuno-
therapy helps to distinguish relevant clinical and molecular
markers for treatment selection (5). Although a large number
of newly approved therapies have emerged, the treatment for
HCC remains limited and the prognosis is poor (6). Thus, it
is considered that the identification of potential therapeutic
targets for HCC is an overwhelming and urgent requirement.
Pyroptosis is an inflammatory form of programmed cell
death that was first identified in 1992 (7.,8). Pyroptosis is
caused by caspase-1 activation triggered by inflammasomes,
which then cleave interleukin (IL)-1f and IL-18 precursors
and mediate the cleavage of gasdermin D (GSDMD) into an
N-terminal pore-forming domain, which translocates into
the membrane and releases matured IL-18 and IL-18 (9,10).
The non-classical pathway does not depend on caspase-1 for
activation of the inflammasomes, but rather on lipopolysac-
charide-activated caspase-11 or caspase-4/5 (11). Intracellular



2 ZHENG et al: THE EFFECT OF CHMP3 ON HEPATOCELLULAR CARCINOMA

LPS-activated caspase-11 directly caused GSDMD cleavage
to undergo pyroptosis, whereas caspase-11 activation-induced
secretion of IL-1p and IL-18 was indirectly mediated through
caspase-1 (12,13). Estrogen suppresses malignant behaviors of
HCC cells by targeting the NOD-like receptor thermal protein
domain associated protein 3 (NLRP3) inflammasomes (14),
suggesting that there is a necessity to understand the
mechanisms of pyroptosis-related factors in the proliferation,
migration and invasion of HCC.

The Endosomal Sorting Complexes Required for
Transport system ((ESCRTs) consists of ESCRT-0, ESCRT-I,
ESCRT-II, ESCRT-IIT and Vps4-VTAI, as well as some
accessory proteins (for example ALIX homodimers) which
are responsible for catalyzing the sorting of receptors into
vesicles on the endosomal membrane to produce multive-
sicular bodies (15). ESCRT-III complexes, also known as
charged multivesicular body proteins (CHMPs), are consid-
ered to copolymerize on endosomal membranes (16) and are
targets of Vps4, an ATPase associated with various cellular
activities that provides energy for ESCRTs to disassemble
from the membrane (17,18). CHMP2A and CHMP3 partici-
pate in the later stages of ESCRT-III assembly, recruiting
VPS4 and preventing Snf7 (CHMP4) aggregation (19,20). A
study has found that higher levels of CHMP3 in triple-negative
breast cancer (TNBC) predict longer 3- and 5-year outcomes.
Overexpression of CHMP3 in TNBC cells suppressed cell
growth and invasion through inhibiting EMT process and
MAPL (mitochondrial-anchored protein ligase) signaling (21).
Moreover, CHMP3 is markedly associated with several biolog-
ical processes in immunity (for example, cellular response to
interleukin-1 or interferon-gamma) and tumor development
(for example, primary immunodeficiency) (22). CHMP3 was
found to co-occur with mutations in CD8A, and the chromo-
somal location of the two genes is very similar, which may be
cross-synergistic in the process of tumorigenesis (23). There
are significant differences in CHMP3 gene expression between
multiple myeloma and healthy individuals (24). CHMP3 as a
tumor susceptibility gene has been little studied in liver cancer.

In studies related to pyroptosis and HCC, it has been
recently reported that CHMP3 may be involved in the pyrop-
totic process in liver cancer, but no relevant experiments
have been conducted to explore this (25). Overall, a growing
number of studies have identified a key function of pyroptosis
in the development of HCC and in the antitumor process.
Therefore, the main aim of the present study was to assess
CHMP3 expression in HCC tissues and to demonstrate the
effect of CHMP?3 on liver cancer cells proliferation, migration
and invasion and the possible contribution of pyroptosis.

Materials and methods

Database. RNA sequencing data were derived from the The
Cancer Genome Atlas (TCGA) repository for 374 patients
with HCC and 50 normal liver samples with corresponding
clinicopathological features on 4 August 2021.

Construction of a prognostic model on the basis of differ-
entially expressed genes (DEGs) involved in pyroptosis. A
selection of 53 genes associated with pyroptosis were analysed
from the available reviews (26,27). The ‘limma’ data package

is available for screening DEGs. To construct a protein-protein
interaction (PPI) network, the Search Tool for the Retrieval of
Interacting Genes website (https://string-db.org/) was used. The
R (v4.1.3; Robert Gentleman and Ross Thaka) package ‘glmnet’
(2.0.16) can be used to narrow down the range of genes to be
screened. After central normalization of TCGA dataset (‘scale’
function in R is applied), risk scores were calculated. The risk
score formula is as follows: Risk score=>8iXixYi (X: coef-
ficient, Y: gene expression level). Kaplan-Meier analysis was
used to analyze the overall survival (OS) times of patients with
hepatocellular carcinoma obtained from the TCGA repository
based on the log-rank test with a cut-off value of P<0.05. The
R package ‘prcomp’ was used to conduct principal component
analysis. Univariate and multivariate Cox regression models
were performed to analyze the clinical characteristics of cases
in the TCGA cohort.

Survival and expression analysis by Gene Expression
Profiling Interactive Analysis (GEPIA) and Human Protein
Atlas (HPA). Survival curves of differentially expressed
CHMP3 were analyzed by GEPIA (28) to find out whether
this gene's expression affects the survival of HCC patients. In
addition, the staging plot was analyzed to compare CHMP3
expression in different pathological stages. The expression of
CHMP3 was further compared by means of HPA between
normal liver and HCC tissues with immunohistochemical
(IHC) images.

Clinical materials and sample preparation. Between
September 2020 and March 2022, all clinical samples were
collected after surgical resection and stored immediately
at -80°C for subsequent experiments at the Department of
General Surgery of Shengjing Hospital of China Medical
University. All specimens were acquired from patients with
HCC confirmed by pathologists. Written informed consent was
obtained by all patients whose tissue samples were collected
prior to enrolment. Human studies (approval no. 2022PS785K)
were approved by the Ethics Committee of Shengjing
Hospital of China Medical University (Shenyang, China).
Clinicopathological characteristics of patients (including age
and sex distribution) are listed in Table I.

IHC staining. The collected tissue was fixed in an appro-
priate volume of 4% paraformaldehyde at 4°C for 24 h, then
procedurally dehydrated and embedded in paraffin. Tissue
sections of 3-um thickness were produced using a microtome,
followed by de-paraffinization using xylene and microwave
heating. Sections were placed in the configured antigen repair
solution (Citrate antigen retrieval solution; Beyotime Institute
of Biotechnology) and boiled for 5 min. Primary antibody
against CHMP3 (1:100; cat. no. 15472-1-AP; Proteintech
Group, Inc.) was added to the sections after washing with
PBS and incubated at 4°C overnight. The appropriate propor-
tion of HRP-conjugated secondary antibody (ready to use;
cat. no. PR30011; Proteintech Group, Inc.) was added, and
incubated at 37°C for 1 h. Antibodies were diluted with TBST,
and Tween-20 was used in a dosage of 0.5 ml/I. Finally, chro-
mogenic detection was carried out under the light microscope
using DAB. The final score is the percentage of cells multiplied
by the staining intensity (29).
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Table I. Relationship between CHMP3 expression and the clinical characteristics of 65 patients with hepatocellular carcinoma.

Expression level of charged
multivesicular body protein 3

Clinicopathological Total

variables number Low/moderate High P-value

All cases 65 21 44

Age, years 0.952
<55 22 7 15
=55 43 14 29

Sex 0.401
Male 45 16 29
Female 20 5 15

Tumor size (cm)
<5 26 13 13 0013
=5 39 8 31

Preoperative level of

alpha-fetoprotein 0.294
<200 pg/ml 25 10 15
=200 pg/ml 40 11 29

Hepeatitis B virus 0915
Negative 22 9 13
Positive 43 17 26

Invasiveness 0.766
No 17 5 12
Yes 48 16 32

Cell culture. The human liver cancer cell lines HepG2 (Procell
Life Science & Technology Co., Ltd.) and Huh-7 (Nanjing
KeyGen Biotech Co., Ltd.) cell lines were purchased in
August 2021. Cells were expanded and stored at -80°C and only
early passages (<passage 5) within 6 months of these cell lines
were used in the present study. HepG2 cells were cultured in
MEM (Hyclone; Cytiva). Huh-7 cells were cultured in DMEM
(Hyclone; Cytiva). Ac-Y VAD-CMK (cat. no. GC42721) was
purchased form GLPBIO.

Cell line authentication statement. HepG2 and Huh-7 were
tested for genotyping of the STR locus and Amelogenin locus
using the 20-STR amplification protocol. The results showed
that no cross-contamination of human cells was detected in
the cell lines and a 100% match to their cytotyping could be
found in the cell bank, named HepG2 and Huh-7, respectively.

CHMP3 small interfering (si)RNA and CHMP3 plasmid
transfection. Negative control siRNA (siRNA-NC)
(UUGTCCGAACGUCTCAAGUTT), small interfering
(siRNA)-CHMP3 (UGUGAAGAUUCCAGAGAUUTT), the
plasmid vector and plasmid-CHMP3 were purchased from
Shanghai GenePharma Co., Ltd. Transfection was carried
out at room temperature with Lipofectamine 3000 (GlpBio)
following the manufacturer's instructions. Cells were trans-
fected with 2.5 ug RNA/DNA added to 3.75 pul of reagent, and
serum-free medium was replaced with complete medium 6 h
later. Transfection efficiency was verified by western blotting

at 24 h post-transfection. ImageJ (v1.52) (National Institutes of
Health) was used to analyze the banding results.

Colony formation. Groups of treated cells were seeded in
six-well plates at a density of 1,000 cells/well and cultured in
serum-containing medium. The medium was changed every
three days and culture was stopped when colony formation
was observed with the naked eye. Ac-Y VAN-CMK (40 uM,
AYC) (GLPBIO) was added to the cells after transfection.
Lastly, colonies were fixed with 4% paraformaldehyde for 2 h
at room temperature as well as stained with crystal violet solu-
tion for 30 min (Beyotime Institute of Biotechnology). More
than 50 cells were counted as one colony and then the total
number of colonies per well was counted.

Wound healing assay. Groups of treated cells were scratched
with a 200-ul pipette tip. The plates were washed with PBS
wells to remove residual cells, then serum-free medium was
added. Images of the wound shape were captured with a light
microscope at a specific point in time (magnification, x200).
Wound healing rate=(0 h wound area-48 h wound area)/0 h
wound area x100%.

Transwell invasion assay. The Matrigel (Corning, Inc.) was
removed from -20°C, placed at 4°C to thaw and melt into
liquid form, and then the pre-cooled tip was used to spread the
Matrigel evenly on the bottom of upper chamber, followed by
placing it in a 37°C incubator for 2-4 h to wait for the Matrigel
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to completely solidify. The lower chamber of the Transwell
plate was added with 700 pul of serum-containing medium, and
the upper chamber was filled with groups of cells resuspended
in 200-ul of serum-free medium. The upper chamber was
placed in the Transwell plate and incubated for 24 h at 37°C.
Cells from the upper chamber outer membrane were then fixed
in 4% paraformaldehyde for 1 h and stained with crystal violet
for 30 min at room temperature. Matrigel was wiped from the
inner membrane of the upper chamber with a cotton sab and
the upper chamber was gently rinsed with PBS to wash away
excess color. The invasive cells were observed and images
were captured with a light microscope.

Cell Counting Kit-8 (CCK-8) assay. The cell proliferation
capacity was assayed according to the manufacturer's instruc-
tions of the CCK-8 assay kit (Epizyme; http:/www.epizyme.
cn/). HepG2 and Huh-7 (3x10° cells/well) were inoculated into
96-well plates. Cells were transfected with si-CHMP3 and
incubated at 37°C for 24 h before adding AYC (40 uM). A
total of 10 ul CCK-8 was then added at each point (24, 48, 72
and 96 h) and incubated at 37°C for 4 h. The absorbance of the
cells at 450 nm was measured using a microplate reader.

Western blotting. Tissue and cell samples were lysed in ice-cold
RIPA lysis buffer and PMSF (both from Beyotime, Institute
of Biotechnology). The protein concentration was calculated
according tothe BCA assay kitinstructions (Epizyme). Gel elec-
trophoresis separation was performed by 10%- or 15%-PAGE
Gel Rapid Preparation Kit (Epizyme) and then transferred to
polyvinylidene difluoride membranes (Epizyme). Each lane
contained 20 pg of protein. The bands were blocked with 5%
skim milk blocking solution prepared in TBST for 2 h at room
temperature. After blocking was completed, incubation was
carried out overnight at 4°C using the primary antibodies.
The membranes were subsequently incubated for 2 h at room
temperature using the HRP-conjugated Affinipure Goat
Anti-Mouse/Rabbit secondary antibody (cat. nos. SAO0001-1
and SA00001-2, Proteintech Group, Inc.). Protein bands were
visualized using an ECL kit (Epizyme). The information of
primary antibodies is provided in Table SI.

Transmission electron microscopy (TEM). Huh-7 cells that
had been treated differently were collected. The cell pellets
were then pre-fixed in 2.5% glutaraldehyde overnight at 4°C.
They were fixed in 1.0% osmic acid for 2 h. The samples were
dehydrated and soaked with a 1:1 mixture of epoxy resin and
acetone overnight at room temperature. The samples were
incubated in 1% uranyl acetate staining solution for 1 h. After
4 days, the samples were sectioned with an ultrathin sectioning
machine. Finally, staining was carried out with uranyl acetate
and lead citrate. Examination was carried out using TEM.

Xenograft mouse model. In vivo tumor formation was
investigated by constructing a xenograft nude mouse
model. A total of 18 male BALB/c nude mice (4 weeks old,
weighing ~20 g) were used in the animal experiments and
were purchased from Beijing HFK Bioscience co. Ltd. All
mice were housed under specific pathogen-free conditions
(temperature 22°C; humidity 50%; light/dark cycle 12/12 h),
with free access to food and water, and padding changed

twice every three days. Huh-7 cells at a density of 1x10°
were resuspended in 100 1 PBS to form a cell suspension.
Each mouse received a gentle, slow subcutaneous inoculation
of 100 ul of cell suspension in the right axilla. When the
tumors grew to an optimal volume, the tumor-bearing mice
were randomly divided into three groups. siRNA-CHMP3
in vivo (10 ug/ul) was incubated with Lipofectamine 3000 for
30 min at room temperature to form siRNA-lipofectamine
complexes, which were injected intratumorally every 3 days
for 4 weeks. AYC (0.1 mg/kg/day) was injected intraperitone-
ally every 24 h. Tumor volume (mm?) was calculated using
the following formula: Volume=(width)* x length/2. Tumor
size was measured every three days. Animal experiments
(approval no. 2022PS779K) were approved by the Ethics
Committee of Shengjing Hospital, China Medical University
(Shenyang, China).

Statistical analysis. The experimental values are shown as
the mean + SEM of at least three independent experiments.
One-way analysis of variance (ANOVA) followed by Tukey's
multiple comparison test was used to analyze the data with
GraphPad Prism (version 9.0.0; Dotmatics). The chi-square
test was used to statistically analyze the relationship between
different clinical characteristics and CHMP3 expression.
Differences between groups were considered statistically
significant when P<0.05. All experiments were repeated three
times.

Results

Identification of DEGs between normal and tumor tissues.
The workflow was summarized in a flowchart (Fig. S1). 39
DEGs (all P<0.05) were recognized through comparing 53
pyroptosis-associated genes' expression in TCGA download-
able data from patients with HCC. From these, 33 genes
were upregulated in tumor tissues, while the six other genes
exhibited low expression (Fig. S2A). PPI network and an
association network containing 20 pyroptosis-associated
genes are demonstrated in Fig. S2B and C (red: positive asso-
ciation). When the clustering variable k=2, the intra-group
relevance is higher and the inter-group relevance is lower
(Fig. S2D). The heat map showed little difference in clinical
characteristics between the two clusters except for the degree
of tumor differentiation (P<0.001) and OS (P<0.05) (Fig. S2E
and F).

Establishment of prognostic gene model in TCGA cohort.
Univariate Cox regression was used to find 8 genes that met
the criteria of P<0.5 and hazard ratios (HRs) >1 for the next
analysis (Fig. S3A). A seven-gene signature was constructed
on the basis of the optimal A values derived from least abso-
lute shrinkage and selection operator Cox regression analysis
(Fig. S3B and C). Risk scores were calculated and 424 patients
with HCC were divided into low and high-risk groups based on
median scores (Fig. S3D). As demonstrated in Fig. S3E-G, it
could be concluded that patients in the divided high-risk group
clearly had higher mortality and shorter survival compared
with the low-risk group. The area under the receiver operating
characteristic curve varied from 0.7-0.85, indicating that the
prediction model was effective (Fig. S3H).
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Figure 1. Expression level of CHMP3 in HCC. (A) Verifying the CHMP3 expression in HCC with normal tissues. (B-D) Survival curve (Overall Survival and
Disease-Free Survival) and stage plot performed by Gene Expression Profiling Interactive Analysis. (E and F) CHMP3 protein was low detected in normal
liver tissues. However, it was highly expressed in liver cancer tissues. CHMP3, charged multivesicular body protein 3; HCC, hepatocellular carcinoma; TPM,

transcript per million; LIHC, liver hepatocellular carcinoma.

Independent prognostic value of risk model. Univariate
(HR=7.222, 95% Confidence Interval (CI): 4.322-12.066;
Fig. S4A) and multifactorial (HR=6.315, 95% CI:
3.638-10.964; Fig. S4B) Cox regression analyses indicated
that risk score could be used as an independent predictor
of poor survival. Finally, a heat map of clinical features
(Fig. S4C) revealed a distinct patient distribution by sex and
tumor differentiation in different subgroups (P<0.01). The
relationship between CHMP3 and HCC among these seven
genes (BAK1, BAX, CHMP3, GSDME, CASP8, GSDMC
and SCAF11) remains unstudied. Therefore, the role of
CHMP3 in the progression of liver cancer was investigated
in the present study.

The relationship between CHMP3 expression and caspase-1
and HCC. As demonstrated in Fig. 1A, CHMP3 was highly
expressed in LIHC. The curves of OS and disease-free
survival indicated that patients with high expression of
CHMP3 presented lower survival rate (Fig. 1B and C). It
was also identified that CHMP3 expression varies across
pathological stages (Pr (>F) i.e., P<0.05) (Fig. 1D). IHC results
obtained from HPA revealed that the expression of CHMP3
was markedly higher in HCC compared with normal tissue
(Fig. 1E and F). The database results illustrated two indica-
tions: i) CHMP3 participates in the advancement of HCC and,
ii) it might be related to pyroptosis.

The CHMP3 expression in HCC tissues. To further validate
the results of the public database, the expression of CHMP3
was determined by IHC based on previous predictions. It
was found that CHMP3 was apparently overexpressed in the
HCC samples compared with the corresponding para-cancer
tissues (Fig. 2A-D). The high/low expression is based on tissue
type. Another five pairs of carcinoma and para-cancerous
tissues were collected to verify the CHMP3 expression and
pyroptosis-related proteins by western blot assay, for detecting
the level of pyroptosis in HCC. A previous study demonstrated
reduced caspase-1 activation and IL-1p expression for some
cancers (12). It was then observed that caspase-1, IL-1, IL-18
and GSDMD were significantly downregulated, suggesting
the same trend (Fig. 2E and F). Analysis of the clinical
characteristics of 65 patients with HCC revealed a significant
association between CHMP3 expression and tumor size using
the chi-square test (P<0.05).

The CHMP3 expression promotes the proliferation of liver
cancer cell lines. According to the aforementioned bioinfor-
matics analysis and the results of IHC and western blotting,
CHMP3 was highly expressed in liver cancer. Therefore,
CHMP3 was knocked down and overexpressed to observe the
effect on the proliferative capacity of liver cancer. The results of
western blot analysis showed a significant decrease in CHMP3
expression after transfection with si-CHMP3 in HepG2 and
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Figure 2. Upregulation of CHMP3 and downregulation of caspase-1 pathway proteins in hepatocellular carcinoma tissues. (A-D) Immunohistochemical
staining of CHMP3. (E and F) Western blot analysis of CHMP3 and pyroptosis-related genes expression levels in different tissues. T means tumor tissue and
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Huh-7 cells (Fig. 3A and B). Colony formation assays revealed
that knocking down CHMP3 reduced the number of colonies
in liver cancer cell lines, which suggests that suppression of
CHMP3 impaired the proliferation ability in liver cancer
(Fig. 3C-E). On the contrary, cells transfected with plasmid
CHMP3 had significantly enhanced colony formation capacity
compared with cells transfected with vector (Fig. 3F-J). The
transfection efficiency of CHMP3 overexpression was detected
by western blotting.

CHMP3 inhibition induces cell membrane blistering and
cytoplasm leakage. To explore whether CHMP3 leads to pyrop-
tosis in Huh-7 cells, cellular alterations were observed after
knockdown using transmission electron microscopy. It was
observed that the transfected cells exhibited typical membrane
rupture and cytoplasmic leakage (red arrows) as demonstrated
in Fig. 3K. The expression of several proteins was appar-
ently increased after CHMP3 knockdown, including cleaved
caspase-1, IL-1p, IL-18 and N-terminal GSDMD (Fig. 3L
and M). However, no changes were observed regarding their
corresponding precursor forms of expression. Thus, it can be
assumed that CHMP3 might promote liver cancer progression
through pyroptosis mediated via the caspase-1/IL-1p pathway.

CHMP3 inhibition activates caspase-1 dependent pyroptosis
in vitro. To explore whether CHMP3 inhibition-induced
pyroptosis is modulated by caspase-1, Ac-Y VAD-CMK
(AYC, an inhibitor of caspase-1) was used in the present

study. The changes in proliferative capacity of liver cancer
was examined after the administration of AYC by colony
formation and CCK-8 assays. Knocking down CHMP3 with
si-CHMP3 significantly decreased the proliferation of HepG2
and Huh-7 cells, while the application of AYC reversed the
ability of si-CHMP3 to reduce cell proliferation (Fig. 4A-F).
By carefully examining the data, it was identified that AYC
diminished CHMP3 knockdown-induced caspase-1 activation
and reduced IL-1p, IL-18 and GSDMD cleavage in liver cancer
cells (Fig. 4G and H). Briefly, these data supported the notion
that CHMP3 inhibits pyroptosis by caspase-1, and this effect
can be reversed by caspase-1 inhibitor.

CHMP3 inhibition activates caspase-1 dependent pyroptosis
in vivo. The effect of CHMP3 in tumor formation was then
examined in vivo. Knockdown of CHMP3 significantly inhib-
ited the growth of subcutaneous tumor, and the volume and
weight of the tumor were lower than those of the control group.
The addition of AYC reversed this inhibition, indicating that
low-expression CHMP3 also inhibited the growth of HCC
in vivo (Fig. 5A-D).

The relationship between CHMP3 expression and migration
and invasion in liver cancer cells. There is a well-known fact
that HCC is a highly aggressive and metastatic cancer. In
the wound healing assay, the capacity of cell migration was
impaired after CHMP3 silencing (Fig. 6A-C) and enhanced
after overexpression (Fig. 7A-C). Transwell invasion assay



INTERNATIONAL JOURNAL OF ONCOLOGY 64: 8, 2024

B

m

» 300 ,» 400
NC  si-NC si-CHMP3 si-NC  si-CHMP3 o 3
& c
3 200 g 300
CHMP3 | Wil w— CHIPS | M — 8 8
kS 5 200
3 100 5
oo | sm— oo | —— g0
- 2 2
HepG2 0 0
ep 0O O ° 0O 0 ©
o o
2 2 = = 25
«n I w T
Q Q
h 4 s
C HepG2
NC si-NC si-CHMP3
F s 2 G J Huh-7
o 5 = ., 400 ,, 400
b4 > O k] Q e
5§ 300 § 300 L
CHMP3 [ e CHMP3 - —.- 8 3
5 200 5 200
g g
Pactin | e——— B-aCln | o s—— E 19 £ 100
“ 9 “ 0
T B T T T T
HepG2 o o 0O 5 ®
z o 2 35 £
s & =
T > I
O (@]
H HepG2 Huh-7
Vector Vector
,a-.‘,?i'.'“.‘ '.v- ;‘ -l
K e 2
= =
o I (@] I
o = 9 o = 9
p=4 ‘B 17} b K7} ‘»

Huh-7

- NC

Huh-7 - siNC
. = si-CHVP3

c
£ £
3]

5 g
s &
i< s
: g
% 2
> )
= o
= - a0 oz i

[

{27 e R s I |

<<==2=2=3

O3¢e o o

9(—)0. o n

a S

Figure 3. Effect of CHMP3 on the proliferative capacity of liver cancer cells, and its relationship with pyroptosis. (A and B) Western blot analysis of CHMP3 levels
following transfection with si-CHMP3. (C-E) Colony formation assays demonstrated the proliferation of HepG2 and Huh-7 cells. (F and G) Overexpressing
CHMP3 was evaluated by western blotting. (H-J) The proliferative abilities of the cells overexpressing CHMP3 were higher compared with those of the NC
or vector group. (K) Transmission electron microscopy images of cell morphological alterations. (L and M) Western blot analysis of pro caspase-1, cleaved
caspase-1, pro IL-18, IL-1p, pro IL-18, IL-18 and cleaved N-terminal GSDMD levels. ‘P<0.05 and *"P<0.001. CHMP3, charged multivesicular body protein 3;

oo
0 O
< <
S o
S
2o

HepG2

[c=B

sy
'

=

(<=8 [ee]
T T
244
[e] [e]
°o o
o o

GSDMD, gasdermin; si-, small interfering; NC, negative control.

© =z
=
|

==
o
w
O]

Pro1L-1p
L-1p (S ——
proL-15 [
1L-15 [ ——

practn [ e e |

Huh-7

Pro CASP1 E Pro CASP1
Cl CASP1 Cl CASP1
ProiL-1p [ = e ]

L1

Lt [ |
GSOMD-N GSOMDN [ o ]
practn [ ——]

HepG2



8 ZHENG et al: THE EFFECT OF CHMP3 ON HEPATOCELLULAR CARCINOMA

A Huh-7 B Huh-7
600
si-CHMP3 si-CHMP3+AYC 8
. ) o SO, S [} s
; . S 400
o
" -
S 200
£
o S
p=4
0
5 3T
o I
w5 Q
»
HepG2
HepG2
C i D 600
= [ B
o r
S 400
kS
3 200
£
=3
p=4
0
O O 9 +0
2z 58z
o T =
o I
s Q
E Huh-7 - NC F HepG2 A 5
1.0 _ —= si-NC 157 - 5i-NC
08 — si-CHMP3 -+ si-CHMP3
3 -+ si-CHMP3+AYC 8 1.0- ~+ si-CHMP3+AYC
€ 0.6 <
e} 2
o I [=}
2 0.4 2
g £ 05+
0.2
0.0 T T T T 0.0 T T T T
24h 48h  72h  96h 24h  48h  72h  96h
+ +
G £e 28 H
S = s s
£ 530 S 550
2 % 55% 2 % h5% Huh-7 -N\C
Pro CASP1 Pro CASP1 siNC - NC
= si-CHMP3 si-NC
cleasPi [ == ] cicaspi [ es ] = si-CHMP3+ = si-CHMP3
AYC = si-CHMP3+AYC

Pro IL-1p [S ] ProL-1p [ o =]
Lp =] IL-1p [

Pro IL-18 [ s s s | ProIL-18 [sum s s we |
L8[ -] IL1s [ - —
GSDMD-N[__ === | GSDMD-N [ == =]
B-actin [ s v o | B-actin [ s ————

Huh-7 HepG2

Target protein/B-actin
Target protein/p-actin

Pro CASP1
Cl CASP1
Pro IL-1B
IL-1B

Pro IL-18
IL-18
GSDMD-N
Pro IL-1$
IL-1B

Pro IL-18
IL-18
GSDMD-N

o o
[7IR7]
< <
S o
° &
&£ o

Figure 4. Inhibition of CHMP3 suppresses liver cancer tumorigenesis in vivo and in vitro. (A-D) Colony formation assay and (E and F) Cell Counting Kit-8
assay demonstrated a reduction in cell proliferation after knockdown of CHMP3, but partial restoration of proliferation capacity after application of AYC.
(G and H) Western blotting on changes in protein expression levels after administration of AYC. "P<0.05 and "“P<0.001. CHMP3, charged multivesicular body
protein 3; GSDMD, gasdermin; si-, small interfering; NC, negative control.

B NC si-CHMP3 si-CHMP3+AYC
CHMPS”..~--————-|
B-actin l _— e —— — — = |
C_ 1000 5 D s n=6
E good 2 S
£ -5_;- 5 °
5 . . 1.0 °
2 600 = £
5 % & et
[<] L
S 400 .%- £ 05 .
o B
0 T T T 0.0 T T T
NC si-CHMP3 si-CHMP3+ NC si-CHMP3 si-CHMP3+
AYC AYC

Figure 5. Knockdown of CHMP3 inhibits tumor formation in vivo. (A and B) Mouse xenograft assay. Knockdown of CHMP3 reduces tumorigenicity of
hepatocellular carcinoma cells according to mouse xenograft experiments. (C and D) Tumor size and weight. After knockdown of CHMP3, the tumorigenic
capacity of Huh-7 cells was reduced in both size and weight, and this effect was reversed with AYC (n=6). CHMP3, charged multivesicular body protein 3; si-,
small interfering; NC, negative control.



INTERNATIONAL JOURNAL OF ONCOLOGY 64: 8, 2024 9

A HepG2 B

si-CHMP3

12h;

24h°

Huh-7 C HepG2

[ ns

si-CHMP3 2 807

= o
o
T 601
3
Z 40+
o
(ol
o
S 20 ‘ \
=
@
=
20
si- NC SI-CHMP3
Huh-7

g - ns
g 80 | —
Gl 1
T 60 A
3
2
5 404
o
g
€ 20
(9]
<
& T T

o

NC  si-NC si-CHMP3

400 LLJ 2 N
si-CHMP3 8 s 1 :si-CNc
2 1 1 si-CHMP3
E 3001 ns =
c
c
.© 200
(7}
g
£ 100
38
0
HepG2 Huh-7
G g g H
o = 5 = Huh-7 HepG2
=z (&} =z o
2 % % 2 3 % g8 p— e 18 me
£1.0 x = 5i-CHMP3 £ 1.0
£05 . * 205
©
o F o0

Huh-7

p-actin

i

HepG2

E-cad N-cad MMP9 Vimentin

E-cad N-cad MMP9 Vimentin

Figure 6. Impact of low CHMP3 expression on the migration and invasion of liver cancer cells and the expression levels of related proteins. (A-C) The wound
healing assay results revealed a reduced migratory capacity of si-CHMP3 transfected cells. (D-F) Transwell invasion assay. The number of cells crossing
Matrigel was reduced in the knockdown group. (G and H) Western blot examination of changes in the expression of migration-invasion related markers in liver
cancer cells transfected with si-CHMP3. "P<0.05, “P<0.01, ""P<0.001 and ""P<0.0001. CHMP3, charged multivesicular body protein 3; si-, small interfering;

NC, negative control.

revealed that si-CHMP3 reduced the number of invasive
cells (Fig. 6D-F), while CHMP3 overexpression in the
plasmid-CHMP3 group increased the number of HepG2 and
Huh-7 cells crossing Matrigel (Fig. 7D-F). To provide further
evidence of changes in invasion and migration capacity, expres-
sion of EMT-related proteins was next investigated in both
cells by western blotting. Knocking down CHMP3 caused an
significant decrease of N-cadherin, matrix metalloproteinase
9 (MMP9) and vimentin expression, and an increase of
E-cadherin expression in liver cancer cells (Fig. 6G and H).

Discussion

Emerging evidence suggests that the impacts of pyroptosis
appear to play a different role in liver diseases (11,30). In
HCC, a significant reduction in NLRP3 expression suggested
areduced level of pyroptosis (31). NEK7 was found to enhance
pathological proliferation of HCC cells in vivo and in vitro,

while its downregulation inhibited cancer-stromal interactions
by causing cancer cell pyroptosis (32).

In the beginning of the present study, the mRNA levels of
53 genes associated with pyroptosis were examined and found
to be differentially expressed in both HCC and normal tissues.
CHMP3 was then selected as a target for study from the seven
gene signatures that had been established. The remaining six
genes have been studied with respect to pyroptosis (33-36).
However, relatively little research has been conducted on
CHMP3 in cancer and cell death. Therefore, exploring the
relationship between CHMP3 and the clinical features of HCC
can provide an improved understanding of whether CHMP3
can influence the progression of HCC. As expected, patients
with higher CHMP3 level showed higher tumor grade and
poorer survival conditions. The role of CHMP3 in promoting
liver cancer tumor growth at the cellular level was also demon-
strated, and its inhibition induced cancer cells to undergo
pyroptosis thereby inhibiting liver cancer progression.
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Over the past decade, pyroptosis and pyroptosis-activated
inflammatory factors in human cancers have been increasingly
investigated (37-39). The caspase-1/IL-1p pathway affects
cell proliferation and other behaviors, and their activation
and cleavage enhance cellular pyroptosis and attenuates
other pro-oncogenic events (40,41). There is a critical role
for this pathway in malignancy invasion, angiogenesis and
tumor-immune system interactions (42-44). However, the
role of IL-1f in HCC remains controversial, meaning that its
expression may either promote or inhibit tumor development.
He et al (45) and Dang et al (46) reported that blocking IL-1p
signaling potentially suppressed HCC invasion and metastasis
and improved the tumor microenvironment. Nevertheless, a
study by Hage et al (47) found that dual blockade of IL-1B
and IL-18 completely eliminated the anti-HCC effects of
sorafenib. Metformin suppressed the development of HCC by
cleaving IL-1p and IL-18 through activation of the pyroptosis
signaling molecule caspase-1 (48). In addition, it has been
demonstrated that CHMP3 knockdown significantly enhanced
cellular pyroptosis and IL-1 release (49). In the present study,
it was found that the pathway was aberrantly inhibited and
that its inhibition may be an oncogenic signaling pathway in
liver cancer. When knocking down CHMP3, the caspase-1
precursor did not change, yet its cleaved form increased.
Meanwhile electron microscopy revealed changes in the liver
cancer cells experiencing pyroptosis. It was hypothesized that
knockdown of CHMP3 may be related to caspase-1 activa-
tion. Cleavage of GSDMD disrupted the integrity of the cell
membrane, which caused the occurrence of cellular pyroptosis.

The mechanisms involved in the present study are illustrated
in Fig. 8. Therefore, CHMP3 may control the inflammasome
activation and inflammatory factor release.

The pyroptosis is able to inhibit tumor migration and
invasion to some extent (40,50). It was found that liver
cancer cells with different expression levels of CHMP3
also differed in their ability to migrate and invade. Highly
aggressive and metastatic are the most important causes of
death for HCC (51). The expression of epithelial calreticulin
E-cadherin was reduced, while the expression of N-cadherin,
MMP9 and Vimentin was increased when tumor cells
metastasized (52-54). N-cadherin is able to increase MMP9
expression which then degrades the extracellular matrix, the
vascular basement membrane and the N-cadherin-catenin
complex, thereby enabling the promotion of aggressive metas-
tasis of tumor cells (55,56). It was identified that CHMP?3 is
involved in the migration and invasion of liver cancer by
regulating the expression of E-cadherin, N-cadherin, MMP9
and vimentin.

Certain limitations should be considered in the inter-
pretation of the present study. The expression levels of
pyroptosis-related genes in resected tumor tissues by
western blotting were only detected. It is necessary to
continue to explore and improve the relevant experiments
in future studies. It is worth considering that the increase
in the number of liver cancer cells observed after CHMP3
overexpression may be largely attributable to a decrease in
cell death. To improve understanding of the mechanisms
involved, the expression of genes known to directly regulate
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cell proliferation, including CDK, Cyclin D, Rb and E2F,
could be investigated in subsequent studies. Evaluating the
expression levels of these genes would provide valuable
insights into the possible involvement of CHMP3 in the
regulation of cell proliferation in liver cancer. Since CHMP3
regulates caspase-1-mediated pyroptosis, which may directly
affect tumor immune checkpoint mechanisms, the reduction

in tumor size in mice resulting from knockdown of CHMP3
can be attributed, at least in part, to this, rather than to the
mere inhibition of cell proliferation.

In conclusion, the function and mechanism of action of
CHMP3 in liver cancer was demonstrated. Therefore, CHMP3
may serve as a new prognostic biomarker and therapeutic
candidate.
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