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GSDMB: A novel, independent prognostic marker and potential
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Abstract. Gasdermin (GSDM) family members are involved
in numerous biological processes, including pyroptosis, as
well as in the initiation and progression of various types of
cancer. However, the specific role of GSDM genes in clear
cell renal cell carcinoma (ccRCC) has yet to be fully clarified.
The present study investigated the differential expression and
genetic alterations GSDM genes, their effects on prognosis
and immune modulation, and their functional enrichment in
ccRCC. Several bioinformatics databases were used, including
UALCAN, The Cancer Genome Atlas, Gene Expression
Profiling Interactive Analysis, Metascape, Tumor Immune
Estimation Resource, GSCALite and cBioPortal. The results
revealed that the expression levels of GSDMA, GSDMB,
GSDMC and GSDMD were significantly upregulated in
cancer tissues compared with those in paracancerous tissues
in patients with ccRCC, whereas the expression of DFNB59
exhibited the opposite trend. The results were experimentally
validated in patients with ccRCC, and it was confirmed that
the expression levels of GSDMA, GSDMB, GSDMC, GSDMD
and GSDME (DFNAS5) were significantly enhanced, whereas
(PJVK, DFNB59) expression was reduced. In addition,
elevated GSDMB, GSDMD and DFNAS5 expression levels
were clearly associated with worse pathological characteristics
of ccRCC, including a high pathological stage and high tumor
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grade. Furthermore, the high expression levels of GSDMB,
GSDMC, GSDMD, DFNAS5 and PJVK were shown to be asso-
ciated with worse overall survival (OS) and progression-free
interval in patients with ccRCC. Both univariate and multi-
variate analyses indicated that the expression of GSDMB was
independently associated with the OS of patients with ccRCC.
Additionally, a high mutation rate of GSDM genes (33%) was
observed in patients with ccRCC, and GSDM gene mutations
were also significantly associated with a poor OS in patients
with ccRCC. Significant associations between GSDM genes
and ccRCC immunoprofiling and drug sensitivity were also
determined. In conclusion, the findings of the present study
indicated that GSDMB, GSDMD and DFNAS5 may be consid-
ered promising therapeutic agents and potential biomarkers
for patients with ccRCC. Furthermore, GSDMB could act as
an independent predictor for the OS of patients with ccRCC.

Introduction

According to the World Health Organization, renal cell carci-
noma (RCC) is the 13th most common cause of cancer-related
death worldwide (1). Globally, 2-3% of malignant tumors in
adults are RCC and 90% of all malignant kidney tumors are
RCC (2). On average, clear cell RCC (ccRCC) is the most
common histological subtype of RCC (70-80%), followed
by papillary (10-20%) and chromophobe (5%) RCC (3).
Clinically, ccRCC is divided into localized ccRCC, locally
advanced ccRCC and metastatic ccRCC. The treatment of
ccRCC is challenging, particularly for patients with metastatic
ccRCC. At present, early resection is the main type of treat-
ment for patients with ccRCC, but it has a marginal effect
on the survival and prognosis of terminally ill patients with
ccRCC (4). Furthermore, renal cancer does not respond well
to radiotherapy or chemotherapy; therefore, the prognosis is
unfavorable for patients with this type of cancer and numerous
patients die from renal cancer (5). In most cases, there are
limited curative treatment options available to patients at an
advanced stage of the disease. However, despite the fact that
immunotherapy and molecular targeted drugs for the treatment
of RCC may have a certain therapeutic effect on advanced RCC,
they remain unsatisfactory due to drug resistance (6). To date,
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the molecular pathological mechanism of renal cancer remains
unclear. Therefore, it is of great clinical value to explore the
molecular mechanisms underlying ccRCC development and
progression, and to identify novel diagnostic and prognostic
biomarkers and therapeutic targets for ccRCC.

The gasdermin (GSDM) family consists of pore-forming
proteins that serve pivotal roles in programmed cell death and
inflammation (7). The GSDM protein superfamily is classi-
fied according to the GSDM-N domain, which is responsible
for executing the process of pyroptosis, and comprises six
members [GSDMA, GSDMB, GSDMC, GSDMD, GSDME
(also known as DFNAS5) and DFNB59 (also known as
Pejvakin, PIVK)] (8,9). Each member of the GSDM family
has unique functions and is implicated in various cellular
processes. There is a structural similarity between the
GSDM superfamily members (GSDMA, GSDMB, GSDMC,
GSDMD, DFNAS5 and DFNBS59) that is essential for the
induction of pyroptosis (7,10,11). Inflammasomes are involved
in pyroptosis, which is a type of inflammation-dependent
programmed cell death (12). With the discovery of the GSDM
family, the research scope of pyroptosis has expanded. In
recent years, there has been an increasing interest in pyrop-
tosis since it has a vital role in activating the immune system
and regulating tumor behavior (13). There has been evidence
to suggest that the GSDM family is dysfunctional and upregu-
lated in several types of cancer in humans, suggesting that
these proteins may serve a role in tumor development (14). For
example, the upregulation of GSDMA in gastric cancer cells
has been shown to promote apoptosis signaling that leads
to reduced cell proliferation (15). The variation in GSDM
expression across different tumors, such as gastric cancer
and RCC, may be due to tumor-specific factors, epigenetic
changes or tissue-specific regulatory mechanisms (16).
Further research is required to understand the context-specific
roles of GSDM in different types of cancer. According to
Lutkowska et al (17), high-resolution melting curve analysis
showed that a single nucleotide polymorphism, rs8067378,
increased the expression of GSDMB, further contributing to
cervical carcinogenesis. Another study reported that, based
on the observation that GSDMC silencing significantly
reduces colorectal cancer cell proliferation, GSDMC may
act as an oncogene in colorectal cancer (18). Furthermore,
GSDME overexpression has been reported to promote the
migration and invasion of SW480 and HCT116 colorectal
cancer cells (19). Lin et al (20) demonstrated that the overex-
pression of GSDMD could be associated with adverse clinical
outcomes in osteosarcoma, and it may act as a therapeutic
target for the disease. However, to the best of our knowledge,
the detailed functions and underlying mechanisms of the six
GSDM family members in ccRCC development have yet to be
fully elucidated and remain unknown.

A number of public databases were used in the present study
to examine the expression and mutation status of GDSM genes
in ccRCC. In addition, the association between the expres-
sion levels of GDSM genes and clinicopathological features,
prognosis, tumor immune cell infiltration and drug sensitivity
in patients with ccRCC was investigated. Consequently, the
present study may improve the understanding of the role of
GSDM genes in ccRCC progression, and may indicate that
GSDM genes have complex and distinct functions.

Materials and methods

Ethics statement. The present study obtained ethics approval
from The First Affiliated Hospital of Nanchang University
(Nanchang, China) (approval no. 202012-110). Tissue samples
were collected from patients who had provided written informed
consent following admittance to the Department of Urology at
The First Affiliated Hospital of Nanchang University.

Patients and tumor samples. In the present study, two inde-
pendent pathologists confirmed 23 paired cases of ccRCC and
normal tissue (2 cm away from cancer tissue). Of the 23 patients,
12 were female and 11 were male; their ages ranged between
35 and 67 years, with an mean age of 53 years. In addition, all
patients underwent radical nephrectomy. Following resection,
23 pairs of matched ccRCC tissues and adjacent normal kidney
tissues were stored in liquid nitrogen until they could be used
at The First Affiliated Hospital of Nanchang University from
August 2020 to August 2021.

Cell lines and cell culture. The following cell lines were
purchased from the American Type Cell Collection: Human
renal cancer cell lines (786-0, Caki-1 and ACHN) and normal
kidney HK-2 cells. Cells were cultured in RPMI-1640 (Gibco;
Thermo Fisher Scientific, Inc.) and 10% fetal bovine serum
(Gibco; Thermo Fisher Scientific, Inc.) at 37°C in an atmo-
sphere containing 5% CO,.

Reverse transcription (RT)-gPCR. TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) was used to isolate total RNA
from 23 matched tissue samples and cell lines. According to
the manufacturer's protocol, 1 g RNA from each sample was
used for cDNA synthesis (Tiangen Biotech Co., Ltd.) using the
PrimeScript™ RT reagent kit (Takara Bio, Inc.) For qPCR, which
was performed using a SYBR Green qPCR kit (Takara Bio, Inc.),
the following conditions were applied: 95°C for 2 min, followed by
40 cycles at 95°C for 5 sec and 60°C for 10 sec. To evaluate the rela-
tive gene expression, the 2244 method was used (21). The primer
sequences used were as follows: GAPDH, forward 5-GCCACA
TCGCTCAGACACCAT-3, reverse 5S-CCCATACGACTGCAA
AGACCC; GSDMA, forward 5-GCTAAAGCTGGTGGAGAG
CA-3' reverse 5-GAGGAGAGCAGCTCAGGTTG-3"; GSDMB,
forward 5'-CTGGATTCTGGGCTCCAAGG-3', reverse 5'-GAT
GGTGGAAGCCCTGGAAA-3'; GSDMC, forward 5'-GTG
GTGACAGAGGCTGTTGA-3, reverse 5-CTCTCTCCTTGG
CCTTGACC-3'; GSDMD, forward 5-GACCCTAACACC
TGGCAGAC-3, reverse S-TTCTGTGTCTGCAGCACCTC-3
DFNAYS, forward 5“TGCTGCGCATGGGATATCTT-3, reverse
5'-AGCTCCGCAAATGGATGGAA-3"; and PJVK, forward
5'-GGAGCAGCAGAAAGGCAGTA-3, reverse, 5-TTCCAG
CATGCACAGACAGT-3'. All RT-gPCR assays were performed
using SYBR Real-Time PCR kit (Qiagen, Inc.) at 95°C for 2 min,
followed by 40 cycles at 95°C for 5 sec and 60°C for 10 sec. In
order to assess relative gene expression, the 2244 method was
used. Additionally, the GAPDH gene was used as a reference
gene and each of the analyses was performed in triplicate (22).

Statistical analysis. The statistical analyses were conducted
using the R package (v3.6.2) (http:/www.R-project.org/).
Univariate Cox regression analyses were used to evaluate the
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effect of clinical parameters and the mRNA expression levels
of GSDM genes on survival and other clinical characteristics
of patients with ccRCC. Subsequently, parameters with P<0.1
were retained for further analysis. Additionally, multivariate
Cox regression analysis was performed to examine the rela-
tionship between clinical characteristics and the expression
of GSDM genes. Paired Student's t-test was used to compare
differences in GSDM gene expression between RCC tissues
and adjacent tissues. Kruskal-Wallis test with Dunn post hoc
test was used to compare more than two groups. P<0.05 was
considered to indicate a statistically significant difference.

UALCAN analysis. The UALCAN database (http://ualcan.
path.uab.edu) contains data on 31 types of cancer patients,
including clinical and RNA-sequencing information (23).
UALCAN can be used to analyze the relationship between the
expression levels of target genes and the clinical characteristics
of patients from TCGA dataset (https:/portal.gdc.cancer.gov/).
Using the online bioinformatics tool based on TCGA _kidney
renal clear cell carcinoma (TCGA_KIRC) data, the asso-
ciation between GSDM expression and clinical pathological
parameters was determined by the Kruskal-Wallis test. P<0.05
was considered to indicate a statistically significant difference.

Gene Expression Profiling Interactive Analysis (GEPIA).
The online service GEPIA (http://gepia.cancer-pku.cn/)
provides expression data from a wide range of cancer types.
Based on TCGA and the Genotype Tissue Expression data,
the GEPIA dataset includes 9,736 tumor samples and 8,587
normal samples from healthy individuals (24). The present
study investigated the expression levels of GSDM genes in
cancerous and non-cancerous tissues, with the aim of evalu-
ating their prognostic significance using the Kaplan-Meier
method. Statistical analysis was performed, and P<0.05 was
considered to indicate a statistically significant difference.

Survival analysis. Patient survival analysis and visu-
alization were performed using R packages survival
(https://CRAN.R-project.org/package=survival), survminer and
ggplot2 (https://CRAN.R-project.org/package=survminer) based
on TCGA-KIRC database. Median value was used as a cut-off
value for prognostic analysis. The hazard ratios, corresponding
95% confidence intervals and Kaplan-Meier curves, which were
analyzed by log-rank test, were computed and presented using
the Xiantao platform (https://www.xiantao.love/).

cBioPortal. The cBioPortal (www.cbioportal.org) is a free
online resource developed to comprehensively analyze cancer
genomics data and clinical data from TCGA database (25).
The present study collected genomic profiles corresponding to
GSDM family tumor genomes, which contained mutations and
putative copy-number changes as determined by the Genomic
Identification of Significant Targets in Cancer, and also analyzed
mRNA expression levels. Additionally, a Kaplan-Meier plot
was used to determine the association between GSDM genetic
mutations and the overall survival (OS) of patients with KIRC; a
log-rank test was performed to compare the altered group with
the unaltered group. Using the cBioPortal database, the mutation
rate refers to the proportion of patients with genetic mutations
among all of those who have undergone genetic sequencing.

Protein-protein interaction (PPI) network construction. A PPI
network consisting of the 168 most frequently altered neigh-
boring genes and the GSDM genes was constructed using data
obtained from the cBioPortal database. The PPI network was
constructed using an online program (https:/www.xiantao.
love/), which was based on R. P<0.05 was the cutoff criterion.

Functional enrichment analysis. Metascape (metascape.org/)
combines multiple databases including the Gene Ontology
(GO), Kyoto Encyclopedia of Genes and Genomes (KEGG),
UniProt and DrugBank databases (26). Metascape analyzed
the functional enrichment of the genes in the hub module in the
study. P<0.01 was set as the cutoff criterion and significance
was determined by enrichment ranking [-logl0 (P-value)].

GSCALite. The GSCALite analysis platform (http:/bioinfo.
life.hust.edu.cn/web/GSCALite/) provides analysis of gene
sets in cancer and drug sensitivity profiles (27). In addition
to differentially expressed genes, GSCALite also provides
details of single nucleotides, methylation, pathway activity,
and microRNA (miRNA) regulation, normal tissue expression
and drug sensitivity. Additionally, GSDM genes were analyzed
for pathway activity, miRNA networks and drug sensitivity in
ccRCC using this tool. By using the pathway activity module,
the present study examined the relationship between members
of the GSDM family and pathway activity. The drug-sensi-
tivity module was used to examine the relationship between
drug sensitivity and the expression levels of GSDM genes
in cancer cell lines from the Genomics of Drug Sensitivity
in Cancer (GDSC) database (www.cancerrxgene.org) (28)
and Cancer Therapeutics Response Portal (https://portals.
broadinstitute.org/ctrp/) (29). The Pearson correlation coeffi-
cient (or Spearman rank correlation coefficient, if appropriate)
was employed to quantify the strength and direction of the
correlation. This analysis aimed to identify genes that may be
correlated with increased or decreased sensitivity to specific
drugs. The Pathway Activity module based on the GSCALite
database presents the difference in gene expression between
pathway activity groups (activation and inhibition).

Tumor Immune Estimation Resource (TIMER). The compre-
hensive database TIMER (http://cistrome.dfci.harvard.
edu/TIMER/) allows systematic analysis of immune infil-
trates associated with various types of cancer (30). In the
gene module, the association between members of the GSDM
family and immune cell infiltration in ccRCC was examined.
The somatic copy number alteration (SCNA) module was
used to compare tumor-infiltration levels among tumors with
different somatic copy number changes of GSDM genes.

Results

Expression levels of different GSDM genes in patients with
ccRCC. The expression levels of GSDM genes were higher
in 72 paired ccRCC tissue samples compared with those in
72 paired normal renal tissue samples according to TCGA
dataset (https:/portal.gdc.cancer.gov/). As shown in Fig. 1A,
the transcriptional levels of GSDMA, GSDMB, GSDMC and
GSDMD were significantly higher in ccRCC tissues compared
with those in normal kidney tissue samples, but there was no
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Figure 1. Expression of GSDMA, GSDMB, GSDMC, GSDMD, DFNAS5 and DFNB59 in KIRC based on sample types. (A) In 72 pairs of KIRC tissues and
adjacent normal kidney tissues from TCGA and Genotype Tissue Expression databases, transcriptional expression of GSDM genes was evaluated. Expression
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Cancer Genome Atlas.
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significant difference in the expression of GSDME in ccRCC
tissues compared with in non-cancerous renal tissue. By
contrast, the mRNA expression levels of PIVK in cancerous
tissue were lower than those in normal tissue. Subsequently,
based on the UALCAN database, the mRNA expression levels
of GSDM genes were detected in patients with ccRCC. As
shown in Fig. 1B, C, E and G, the mRNA expression levels of
GSDMA, GSDMB and GSDMD were significantly elevated
in ccRCC tissues compared with those in the normal kidney
tissues, whereas the mRNA expression levels of DFNB59
were lower in cancer tissues than those in normal tissues
in Fig. 1G. There was no difference in the expression of
GSDMC and DFNAS between cancer and non-cancer tissues
(Fig. 1D and F).

To validate this conclusion, RT-qPCR analysis was
performed using 23 pairs of cancer and adjacent normal tissues
obtained from patients with ccRCC. The results showed that
the mRNA expression levels of GSDMA, GSDMB, GSDMC,
GSDMD and GSDME were decreased in normal tissues
compared with those in cancer tissues, whereas the expres-
sion levels of PJVK were decreased in cancerous tissues
(Fig. 2A-F). To determine the mRNA expression levels of
GSDMA, GSDMB, GSDMC, GSDMD, GSDME and PJVK
in kidney cancer and healthy cell lines, RT-qPCR was also
conducted. The results showed that the mRNA expression
levels of GSDMA, GSDMB, GSDMC and GSDMD were
decreased in the normal kidney cell line HK-2, relative to those
in the kidney cancer cell lines 786-0, Caki-1, and ACHN,
whereas PJVK had the opposite trend (Fig. 2G).

Association between GSDM genes and the clinicopathological
parameters of patients with ccRCC. The association between
the mRNA expression levels of GSDM genes and clinicopatho-
logical characteristics, including tumor grade, tumor stage and
molecular subtype, was analyzed using the UALCAN and
GEPIA databases. From grade 1 to grade 4, DFNAS expres-
sion increased gradually and significantly (Fig. 3E). The mRNA
expression levels of GSDMA and GSDMB were significantly
associated with tumor grade, with mRINA expression increasing
alongside tumor grade, while the mRNA expression levels of
DFNB59 exhibited the opposite result, with a significant reduc-
tion in expression detected between normal and grade 1 tissues
(Fig. 3A, B and F). In the case of GSDMD and GSDMC, there
was a significant difference in GSDMC expression between
grades 1 and 2-4 tissue, and in GSDMD expression between
normal and grades 1-4 tissue (Fig. 3C and D). As for tumor stage,
the mRNA expression levels of GSDMB, GSDMD and DFNAS
were significantly related to patient tumor stage, whereas the
mRNA expression levels of GSDMA, GSDMC and DFNB59
were not associated with patient tumor stage (Fig. 3G-L). The
lowest mRNA expression levels of GSDMB, GSDMD and
DFNAS5 were found in patients with stage I, and patients with
more advanced tumor stages tended to exhibit higher mRNA
expression levels of GSDMB, GSDMD and DFNAS. These data
indicated that the differentiation of tumor cells and the staging
of tumors are, to some extent, attributed to changes in GSDM
expression.

According to a retrospective study, two subtypes of
ccRCC, ccA and ccB, appear to offer prognostic information.
Tumors classified as ccA are associated with significantly
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Figure 2. Reverse transcription-quantitative PCR was used to detect the
mRNA expression levels of (A) GSDMA, (B) GSDMB, (C) GSDMC,
(D) GSDMD, (E) GSDME and (F) PIVK in clear cell renal cell carcinoma
tissues and paired adjacent normal kidney tissues. (G) Transcriptional levels
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better survival compared with those classified as ccB (31). As
shown in Fig. 4A-F, the mRNA expression levels of GSDMA,
GSDMB, GSDMC, DFNAS5 and DFNBS59 differed between
ccA and ccB subtypes, whereas there was no significant
difference in GSDMD expression between the ccA and ccB
subtypes. In the ccB subtype of ccRCC, the expression levels
of GSDMA, GSDMB, GSDMC, DFNAS5 and DFNB59 were
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Figure 3. Clinicopathological parameters associated with GSDM mRNA expression levels in patients with ccRCC. (A-F) Association of GSDM gene expres-
sion with ccRCC tumor grade. The mRNA expression levels of (A) GSDMA and (B) GSDMB were significantly associated with tumor grade, with mRNA

expression increasing alongside tumor grade, while the mRNA expression 1

evels of (F) DFNBS59 exhibited the opposite result, with a significant reduction

in expression detected between normal and grade 1 tissues. There was a significant difference in (C) GSDMC expression between grades 1 and 2-4 tissue,
and in (D) GSDMD expression between normal and grade 1-4 tissue. (E) DFNAS expression increased gradually and significantly from grade 1 to grade 4.
(G-L) Violin plots of the association between the mRNA expression levels of GSDM genes and clinical stage in patients with ccRCC using data from the Gene
Expression Profiling Interactive Analysis database. The mRNA expression levels of (H) GSDMB, (J) GSDMD and (K) DFNAS were significantly related to
pathological stage, whereas (G) GSDMA, (I) GSDMC and (L) DFNB39 were not. “P<0.05, “P<0.01, ““P<0.001. GSDM, gasdermin; KIRC, kidney renal clear

cell carcinoma; TCGA, The Cancer Genome Atlas.

significantly higher than in the ccA subtype, whereas GSDMD
expression had no significant difference.

Prognostic value of mRNA expression of GSDM genes in
patients with ccRCC. The prognostic values of the mRNA
expression levels of GSDM genes in patients with ccRCC were
assessed based on TCGA dataset. As shown in Fig. SA-F, the

majority of GSDM genes were significantly associated with the
prognosis of patients with ccRCC. Compared with low expres-
sion, high GSDMB (HR=2.49, 95% CI: 1.84-3.37, P<0.001),
GSDMC (HR=1.74, 95% CI: 1.26-2.41, P=0.001), GSDMD
(HR=1.63, 95% CI: 1.19-2.25, P=0.003), GSDME (HR=1.80,
95% CI: 1.34-2.43, P<0.001) and PJVK (HR=2.30, 95% CI:
1.69-3.12, P<0.001) expression was significantly associated
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Figure 4. GSDM family mRNA expression levels in KIRC ccA and ccB subtypes. (A-F) mRNA expression levels of GSDM family members in ccA and ccB
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gasdermin; KIRC, kidney renal clear cell carcinoma; TCGA, The Cancer Genome Atlas.

with poor OS in patients with ccRCC. However, GSDMA was
not associated with the OS of patients with ccRCC. As shown
in Fig. 5G-L, the relationship between the mRNA expression
levels of distinct GSDM genes and progression-free interval

(PFI) of patients with ccRCC was further analyzed. Higher
mRNA expression levels of GSDMB (HR=1.77, 95% CI:
1.28-2.46, P=0.001), GSDMC (HR=1.78, 95% CI: 1.27-2.51,
P=0.001), GSDMD (HR=1.53, 95% CI: 1.10-2.13, P=0.013),
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Figure 5. Prognostic value of GSDM-encoding mRNA expression levels in patients with ccRCC. (A-F) Overall survival of patients with clear cell renal cell
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GSDME (HR=2.20, 95% CI: 1.61-3.01, P<0.001) and PJVK
(HR=1.51, 95% CI: 1.09-2.09, P=0.014) were significantly
associated with a shorter PFI in patients with ccRCC, whereas

the mRNA expression levels of GSDMA had no effect on the
PFI of patients with ccRCC. These data indicated that elevated
mRNA expression levels of GSDMB, GSDMC, GSDMD,
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GSDME and PJVK are significantly associated with the
prognosis of patients with ccRCC, and they may serve as prog-
nostic biomarkers for predicting patient survival and disease
progression.

Independent prognostic value of GSDM mRNA expression
levels in terms of OS in patients with ccRCC. Since the mRNA
expression levels of GSDMB, GSDMC, GSDMD, GSDME
and PJVK were revealed to be significantly associated with
the prognosis of patients with ccRCC, the present study further
assessed the independent prognostic value of the mRNA
expression levels of GSDMs in terms of OS in patients with
ccRCC based on TCGA database via Cox survival regression
analysis (32). As determined by univariate analysis,high mRNA
expression levels of GSDMB (HR=1.977,95% CI: 1.613-2.423,
P<0.001), GSDMD (HR=1.523, 95% CI: 1.154-2.010,
P=0.003), GSDME (HR=1.532, 95% CI: 1.225-1.916, P<0.001)
and PJVK (HR=2.317, 95% CI: 1.624-3.305, P<0.001) were
associated with the poor OS of patients with ccRCC, whereas
GSDMA (HR=0.972, 95% CI: 0.675-1.398, P=0.877) and
GSDMC (HR=0.926, 95% CI: 0.532-1.611, P=0.785) were not
significantly associated with poor OS (Table SI). Multivariate
analysis showed that high mRNA expression levels of GSDMB
(HR=1.698, 95% CI: 1.249-2.307, P<0.001) were indepen-
dently associated with a significantly shorter OS for patients
with ccRCC. These results indicated that the expression of
GSDMB may be an independent prognostic factor of OS in
patients with ccRCC.

Genetic mutations in GSDM genes and their association with
the OS of patients with ccRCC. Using the cBioPortal online
tool, the genetic alterations in GSDM genes and their associa-
tion with the OS of patients with ccRCC was analyzed to explore
the potential expression pattern of GSDM genes. The genetic
alterations of GSDM genes and their alteration frequency are
shown in Fig. 6A and B. Among the 446 sequenced patients
with ccRCC, genetic alteration was observed in 110 patients,
with a 33% mutation rate. It was revealed that GSDMB,
GSDMC and PJVK exhibited the lowest mutation rate (4%).
GSDME, GSDMD and GSDMA were the top three genes for
genetic alterations, and their mutation rates were 8, 6 and 7%,
respectively. Furthermore, the results were plotted using a
Kaplan-Meier plot and analyzed by log-rank test, which indi-
cated that the group with GSDM gene mutations was related to
a shorter OS in ccRCC (Fig. 6C; P=2.261x10*). These results
suggested that genetic alteration of GSDM genes could signifi-
cantly affect the prognosis of patients with ccRCC. As shown
in Fig. 6D, the miRNA-gene expression regulation network
contains information on the potential regulatory effects of
miRNAs on GSDM genes.

Predicted functions and pathways associated with the
changes in GSDM genes and the 168 most frequently altered
neighbor genes in patients with ccRCC. After analyzing the
genetic alterations of GSDM genes and their prognostic values
in ccRCC, the 168 neighboring genes related to the GSDM
gene mutants were analyzed, and an integrated network was
generated. cBioPortal was used to screen out the top 168 genes,
which were co-expressed and associated with the GSDM
genes, and the PPI network was created using R software.

FBF1, MICALI1, CHFR, FCHSDI and AIFM3 genes were
found to be most closely associated with mutations in GSDM
genes, and thus may contribute to the initiation and progres-
sion of ccRCC (Fig. 7A). To gain a better understanding of the
associated functions of GSDM genes in ccRCC, a functional
GO and KEGG enrichment analysis of GSDM genes and the
168 neighbor genes was performed in Metascape. As shown
in Fig. 7B-D, biological processes, such as GO: 0070269
(‘pyroptosis’), GO: 1901222 (‘regulation of NIK/NF-kappaB
signaling”), GO:0098552 (‘side of membrane’), GO:0002252
(‘immune effector process’), GO:0045321 (‘leukocyte activa-
tion’) and GO:0002577 (‘regulation of antigen processing
and presentation’) were significantly associated with GSDM
gene mutations in ccRCC. Cellular components, including
GO: 0030139 (‘endocytic vesicle’), GO: 0030029 (‘actin fila-
ment-based process’), GO: 0072559 (‘NLRP3 inflammasome
complex’), and GO: 0007163 (‘establishment or maintenance
of cell polarity’) were also significantly associated with
GSDM gene alterations. In addition, GSDM gene muta-
tions were associated with molecular functions, such as GO:
0071417 (‘cellular response to organonitrogen compound’),
GO: 0070820 (‘tertiary granule’), GO: 0033218 (‘amide
binding’), GO: 0061462 (‘protein localization to lysosome’),
GO: 0010942 (‘positive regulation of cell death’) and GO:
0043086 (‘negative regulation of catalytic activity’). KEGG
pathway analysis demonstrated the involvement of the GSDM
gene family with hsa04613 (‘Neutrophil extracellular trap
formation’), hsa05150 (‘Staphylococcus aureus infection’) and
hsa04072 (‘phospholipase D signaling pathway’).

Correlation of immune cell infiltration with GSDM gene
expression in ccRCC. A correlation analysis was conducted
using immune cell infiltration data to examine the relationship
between GSDM expression and immune cell infiltration based
on the TIMER database. It has been suggested that immune
cells infiltrate around tumor tissue and form the foundation
of the tumor microenvironment (TME) (33). Different types
of immune cells often invade tumors along with the stroma,
forming the TME, which can either support or impede cancer
growth (34). T cells, not macrophages, are considered the
dominant immune subset in ccCRCC, which is one of the most
heavily immune infiltrated solid tumor types (35). Therefore,
the present study explored the correlations between GSDM
genes and immune infiltration using the TIMER database.
As shown in Fig. 8A-D, positive correlations existed between
the abundance of CD4* T cells and the expression levels of
all GSDM genes, except for DFNA5. GSDMA was also
positively correlated with infiltration of macrophages, neutro-
phils, B cells and dendritic cells, whereas GSDMB was only
positively correlated with infiltration of neutrophils. GSDMC
was positively correlated with infiltration of CD4* T cells and
macrophages. GSDMD was only positively correlated with
infiltration of CD8" T cells, CD4* T cells, neutrophils and
dendritic cells. DFNAS5 was found to have no correlation with
infiltration of CD8* T cells and CD4* T cells, whereas PIVK
showed no association with neutrophils and macrophages. The
association between the SCNAs of GSDM genes and immune
infiltration was performed according to the SCNA module of
the TIMER database. As shown in Fig. 9A-F, the SCNAs of
GSDMA, DFNB59 and GSDMB were significantly associated
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with the infiltrating levels of B cells, CD8" T cells, CD4* T
cells, macrophages, neutrophils and dendritic cells, whereas
those of GSDMC and GSDMD were associated with the infil-
trating levels of CD8* T cells and macrophages. The SCNA of
DFNAS was significantly associated with B cells and CD4* T
cells. Overall, immune infiltration may be closely associated
with GSDM genes in patients with ccRCC.

Drug sensitivity analysis of GSDM genes. To identify
acquired drug sensitivities, the present study assessed the
relationship between GSDM gene expression and ICs,

values of molecules from the GDSC database and Cancer
Therapeutics Response Portal. The results showed that the
expression of DFNAS5, GSDMC and GSDMD showed a weak
negative correlation with drugs or small molecules based on
the GDSC database, whereas there was a positive correla-
tion between DFNAS expression and drug or small molecule
activity, and the expression of GSDMB exhibited negative
correlations with small molecules based on the Cancer
Therapeutics Response Portal, indicating they could poten-
tially be used as new markers for drug sensitivity screening
(Fig. 10A and B).
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Pathway enrichment of GSDM genes in ccRCC. The
cancer-related pathways associated with GSDM genes were
determined using the GSCALite database. There were 10 path-
ways associated with the function of GSDM genes in ccRCC
(Fig. 11). The expression levels of most GSDM genes were
inhibited in DNA damage response and hormone androgen

receptor-related pathways. In addition, epithelial-mesenchymal
transition (EMT) was associated with the activation of most
GSDM genes, and the expression levels of GSDMA, GSDMB,
GSDMC, GSDMD and DFNAS were also related to apoptosis.
Taken together, these findings indicated that changes in the target
genes could lead to changes in multiple signaling pathways.
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Figure 8. Correlation between GSDM genes, including (A) GSDMA, (B) GSDMB, (C) GSDMC, (D) GSDMD, (E) GSDME and (F) PJVK, and immune cell
infiltration based on TIMER database. TIMER, Tumor Immune Estimation Resource. GSDM, gasdermin.

Discussion

Pyroptosis, which is characterized by the release of proinflam-
matory signals and cytokines, promoting an immune response
against tumors, is a programmed cell death process initiated
by members of the GSDM family, which has been shown to

be associated with a tumor-forming mechanism and also as
a therapeutic component in various antitumor strategies (36).
Numerous studies have detected dysfunctional and abnormal
expression of the GSDM family in cancer (17,18), implying
that GSDM genes may serve a role in tumorigenesis. To date,
however, it remains unclear whether mRNA expression of
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Figure 9. Analysis of the correlation between GSDMs and immune cells.
Comparison of tumor infiltration levels in clear cell renal cell carcinoma with
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specific GSDM family members is strongly associated with
outcome in patients with ccRCC. To the best of our knowledge,
there has been no systematic assessment of the involvement
of GSDM family members in ccRCC. The present study
quantitatively assessed the mRNA expression levels, genetic
changes, functional enrichment, immune infiltration, drug
sensitivity and prognostic value of GSDM genes in patients
with ccRCC. When discussing the correlation between gene
expression level and infiltrated immune cells, it was found
that some of the correlations were weak, but there was a
certain trend toward positive or negative correlation. The
weak correlation between gene expression levels and immune

molecules in the TIMER database may be due to a biological
variability among different cancer types, sample heterogeneity
from diverse studies and tumor immune evasion mechanisms.
Variations in cancer biology, genetic backgrounds and tumor
environments contribute to this variability, while differences
in sample collection and processing across studies add to the
heterogeneity. Additionally, tumors often adapt by altering
surface molecules to evade immune detection, further weak-
ening the correlation between gene expression and immune
responses. By elucidating the function and mechanism of the
GSDM family, more effective novel therapeutics could be
developed that target GSDM genes.

The GSDMA gene is expressed in epithelial cells and
has been reported to be associated with autoimmune condi-
tions and cancer, participating in various cellular processes,
including pyroptosis, cell cycle, DNA damage response, EMT,
androgen receptor signaling pathway and apoptosis, which
are highly related to the occurrence, development, metastasis
and prognosis of tumors (37). The GSDMA gene is frequently
downregulated in gastric cancer (15), whereas a higher expres-
sion of GSDMA was observed in ccRCC tissues compared
with in normal tissues in the present study. However, patients
with ccRCC and a high expression of GSDMA showed no
statistically significant difference in OS or PFI compared
with patients with low GSDMA expression. This suggests that
GSDMA may not play a significant role in the prognosis of
ccRCC. The possible reason for the aforementioned phenom-
enon may be attributed to the regulation of GSDMA by
non-coding RNAs, such as miRNA-3065-3p and miRNA-760.

Several studies have indicated that GSDMB upregulation
occurs in various types of cancer, including human epidermal
growth factor 2-positive breast cancer and gastric cancer, where
it may contribute to cancer progression and metastasis (38,39).
In addition, GSDMB upregulation has been shown to enhance
bladder cancer cell invasion and proliferation by binding to
STAT3 and activating STAT3 signaling (40). The upregula-
tion of GSDMB may also have a role in the development and
progression of cervical squamous cell carcinoma (14). In the
present study, an elevated expression of GSDMB was observed
in kidney cancer tissues compared with that in normal tissues,
and the expression of GSDMB was associated with tumor grade
and pathological stage. In addition, there was a significant
association between higher expression of GSDMB in patients
with ccRCC and poor OS, thus suggesting that GSDMB may
function as an oncogene. Moreover, a previous study revealed
that the expression of GSDMB is associated with CD4* T cells
and neutrophils in ccRCC, indicating that GSDMB shows
potential in controlling immune infiltrates (41). These findings
suggested that elevated expression levels of GSDMB may
independently affect the prognosis of ccRCC.

GSDMC acts as a potential tumor suppressor gene,
inhibiting cancer cells from proliferating when GSDMC is
overexpressed in gastric cancer (42). By contrast, several
studies have shown that the expression of GSDMC is elevated
in various types of cancer, such as colorectal cancer, lung
adenocarcinoma and melanoma, and that it may promote
metastasis in patients with melanoma (43,44). In the present
study, the expression of GSDMC in the qPCR experimental
results was not consistent with the results from TCGA. It
was hypothesized that this difference may be because TCGA
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in the Cancer Therapeutics Response Portal. GSDM, gasdermin.

database contained ethnic differences, which could contribute
to tumor heterogeneity. Furthermore, there was no relationship
identified between the expression levels of GSDMC and tumor
stage and grade. These findings suggested that GSDMC may
not serve as a suitable prognostic indicator for ccRCC.

In the GSDM family, most research has focused on
GSDMD (45). GSDMD plays a significant role in the regula-
tion of pyroptosis and the sensitivity of cancer therapies (46).
As a result of GSDMD downregulation, the risk of developing
gastric cancer is elevated (16), whereas in non-small-cell
lung cancer, its upregulation is associated with a poor prog-
nosis (47). In the present study, compared with in adjacent
normal tissues, it was revealed that GSDMD expression was
highly expressed in ccRCC tissues. In addition, there was a
significant association between GSDMD expression and poor
OS in patients with ccRCC, which supports its function as an
oncogene.

DFNAS (GSDME) is associated with numerous types
of cancer and causes pyroptosis in cells after chemical treat-
ment (48). GSDME, which acts as a candidate tumor suppressor,
is a transcriptional target of p53 and is silenced in gastric cancer
and colorectal carcinoma (49,50). Several chemotherapy agents,
including etoposide, topotecan, CPT-11 and cisplatin, induce
pyroptosis in cancer cells by triggering the GSDME pathway,
whereas they promote apoptosis in cells lacking the GSDME
pathway (51). The present study detected reduced expression
levels of GSDME in normal tissues compared with those in paired
kidney cancer tissues; however, based on the data obtained from
TCGA database, no discernible variation in mRNA expression
was observed. The reason for this phenomenon may be due
to genetic heterogeneity among different ethnicities based on
TCGA database. The present results revealed that the expres-
sion of GSDME was strongly positively correlated with drugs
and small molecules. A previous study suggested that a loss of
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GSDME can reduce the effectiveness of some chemotherapy
drugs (52). Furthermore, in the present study, a high level of
GSDME expression was revealed to be strongly associated with
poor OS, PFI and cancer stage, suggesting an oncogenic role of
GSDME; these aforementioned results are similar to those of
Yao et al (53). Differences in GSDME in cancer research could
be due to variations in the experiments, tissue types and cancer
stages. The exact manner by which GSDME functions is still
being studied, with ongoing research focusing on its complex
roles in different types of cancer.

Presently, there are few specific studies available on the
role of PJVK in human cancer. According to the present study,
PJVK was increased in normal tissues compared with that
in kidney cancer tissues. This finding suggested that PJVK
may play an inhibitory role in ccRCC; however, high PTVK
expression was significantly associated with poor outcomes.
Subsequently, it was revealed that PIVK was regulated by
miRNA-378c. The involvement of PJVK in cancer tumorige-
nicity has yet to be fully elucidated.

The present study explored the detailed function and
molecular mechanism of the GSDM family in ccRCC
biology. Using data from several bioinformatics platforms,

the expression and prognostic value of GSDM genes were
evaluated in ccRCC. Furthermore, qPCR was performed
to detect the expression levels of GSDM genes in ccRCC
tissues. However, the present study has some limitations.
First, although higher mRNA expression levels of GSDMB,
GSDMD and DFNAS were revealed to be significantly
related to patient tumor stage and grade, and GSDMB
emerged as an independent prognostic factor for shorter OS
of patients with ccRCC, further investigation using a substan-
tial number of samples is needed to validate these findings
and to explore the clinical application of GSDM members
in ccRCC treatment. Additionally, the results of the present
study are promising, but they are based on the analysis of
bioinformatics data; therefore, a large number of functional
and mechanistic experiments are required to confirm the
conclusions.

In conclusion, the present study revealed that GSDMB
was significantly upregulated in ccRCC tissues and that
upregulated GSDMB expression could act as an independent
predictor for the OS of patients with ccRCC. Moreover, the
abnormal expression levels of GSDMB, GSDMD and DFNAS
were significantly associated with the tumor stage and grade of
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ccRCC, and DFNAS expression exhibited a positive correlation
with the activity of drugs or small molecules. These findings
suggested that GSDMB could serve as a potential biomarker
and may contribute to the future identification of promising
therapeutic agents for patients with ccRCC.
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