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Abstract: Pancreatic adenocarcinoma (PAAD) has a poor prognosis and is relatively unresponsive to immunother-
apy. Gasdermin C (GSDMC) induces pyroptosis in cancer cells and inflammation in the tumor microenvironment.
However, whether GSDMC expression in PAAD is associated with survival or response to immunotherapy remains
unknown. GSDMC expression and the relationship between GSDMC and patient survival or immune infiltration in
PAAD were examined using data in the The Cancer Genome Atlas (TCGA), Gene Expression Ominbus (GEO), Geno-
type-Tissue Expression (GTEx) and Cancer Cell Line Encyclopedia (CCLE) databases. The TCGA PAAD cohort could be
divided into two distinct risk groups based on the expression of GSDMC-related genes (GRGs). The TIDE algorithm
predicted that the low-risk group was more responsive to immune checkpoint blockade therapy than the high-risk
group. A novel 15-gene signature was constructed and could predict the prognosis of PAAD. In addition, the 15-
gene signature model predicted the infiltration of immune cells and Immune checkpoint blockade (ICB) treatment
response. Immunohistochemical staining assessment of patient-derived human tissue microarray (TMA) from 139
cases of local PAAD patients revealed a positive correlation between GSDMC expression and PD-L1 expression but
a negative correlation between GSDMC expression and infiltration of low CD8+ T cells. Moreover, the overexpression
of GSDMC was related to poor overall survival (0OS). This study suggests that GSDMC is a valuable biomarker for
predicting PAAD prognosis and predicts the immunotherapy response of PAAD.

Keywords: Gasdermin C, pyroptosis, tumor-infiltrating lymphocytes, immunotherapy, gene signature, pancreatic
adenocarcinoma

Introduction patients have poor overall survival, with a 5-
year overall survival (OS) of <10% [1-3]. PAAD is
generally very resistant to routine chemothera-

py and radiotherapy [5-7]. Studies have focused

Pancreatic adenocarcinoma (PAAD) is the most
common type of pancreatic cancer, accounting

for more than 90% of pancreatic malignancies
[1-3]. Pancreatic cancer has an age-standard-
ized incidence rate of 5.5 per 100,000 men
and 4 per 100,000 women [4]. Generally, PAAD

on how to overcome or circumvent this resis-
tance. In 2019, the Food and Drug Administra-
tion approved the PARP inhibitor olaparib for
treating pancreatic cancer with BRCA muta-
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tions [8, 9]. However, BRCA1 or BRCA2 muta-
tions are present only in 1.3-2.1% of PAADs
[10]. Immunotherapy involving immune check-
point blockade (ICB) has revolutionized the can-
cer treatment paradigms for many tumor types
[11]. However, PAAD responds poorly to ICB
[12].

Pyroptosis is an important natural immune
response that plays an important role in antag-
onizing infection and endogenous danger sig-
nals like transformed cells [13-15]. Pyroptosis
is a cell death pattern characterized by rapid
cell membrane rupture and subsequent release
of inflammatory mediators, such as cytokines
and alarmins, inside the cell [13-15]. Therefore,
pyroptosis plays a role in inflammation and
immunogenicity in cancer since it induces the
release of various cytokines and recruits and
activates immune cells in the tumor microenvi-
ronment [16, 17]. Studies have suggested that
targeting pyroptosis improves the efficacy of
immunotherapy in breast cancer [18, 19].
Nevertheless, pyroptosis exhibits double-ed-
ged sword effects since inflammation (through
inflammatory cytokines like IL-1 and IL-18 in-
duced by pyroptosis) promotes tumorigenesis
[20]. The role of pyroptosis and its impact on
the treatment efficacy and prognosis of PAAD
remains unknown.

Gasdermin C (GSDMC) is a newly identified
member of the pyroptosis executioner protein
family [21, 22]. GSDMC induces pyroptosis and
is associated with short survival of breast can-
cer [23] and lung cancer [24] patients. GSDMC
could be an oncogenic player in multiple cancer
types [21, 25]. GSDMC appears to be an onco-
gene in colorectal cancer because it inhibits
transforming growth factor receptor type Il [26].
Studies have revealed that GSDMC is absent in
normal epithelial cells [27].

Nevertheless, given the novelty of GSDMC,
data about the involvement and relevance of
GSDMC in PAAD remain scarce. Studies have
proposed a pyroptosis-based prognostic signa-
ture in PAAD, including GSDMC expression [28,
29]. Recently, Yan et al. [30] showed that
GSDMC could promote the proliferation and
migration of PAAD cell lines. In addition, they
developed a pyroptosis-related prognostic mo-
del based on IL18, CASP4, NLRP1, NLRP2, and
GSDMC to predict the prognosis of PAAD [30].
Nevertheless, GSDMC expression in PAAD tu-
mors and its related prognostic and therapeu-
tic value remain unclear.
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Therefore, this study aimed to investigate
GSDMC expression in PAAD, the relationship
between GSDMC and PAAD prognosis, and the
potential of GSDMC expression to predict the
immunotherapy response of PAAD. The results
could help define the role of GSDMC in PAAD
and its potential to predict the efficacy of immu-
notherapy in PAAD.

Materials and methods
Data source and processing

The TCGA dataset comprises RNA-sequencing
expression profiles (level 3). The clinical infor-
mation of 179 PAAD patients was obtained
from the website (https://portal.gdc.com). GTEx
datasets (release V8) were downloaded from
the GTEx data portal website (https://www.
gtexportal.org/home/datasets). The categori-
cal data were converted to TPM and normalized
to log2 (TPM+1), keeping samples with clinical
information intact. An external validation co-
hort was obtained from the GEO database
(https://www.ncbi.nlm.nih.gov/geo/, ID: GSE57-
495). The follow-up for the GSE57495 cohort
was 4.7 years. On the other hand, the mRNA
expression matrix of PAAD cell lines was down-
loaded from the Cancer Cell lines Encyclopedia
(CCLE) dataset (https://portals.broadinstitute.
org/ccle).

GSDMC expression and mutation profiles

GSDMC expression in PAAD tumor and nor-
mal tissues were analyzed using R v4.0.3 (R
Foundation for Statistical Computing, Vienna,
Austria). A P-value <0.05 was considered statis-
tically significant. Sankey diagrams and muta-
tion profiling of GSDMC were built using the R
software packages “ggalluvial” and “maftools”,
respectively. The GSDMC expression analysis
of the PAAD cell lines was performed using the
R v4.0.3 software package “ggplot2” (v3.3.3).

Survival analysis

The survival differences between the different
GSDMC expression or risk groups of the 179
PAAD patients from the TCGA cohort and 139
PAAD patients from the TMA cohort were ana-
lyzed using the log-rank test. The accuracy of
GSDMC in predicting the immunotherapy res-
ponse of PAAD was evaluated using the time
receiver operating characteristics (ROC) (v0.4)
analysis and Kaplan-Meier curves. P-values
and hazard ratios (HRs) with 95% confidence
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intervals (Cls) were determined using log-rank
tests and univariable cox proportional hazards
regression analysis.

Development of a prognostic signature in the
TCGA and GEO cohorts

Data were retrieved from the TCGA and GEO
databases. Patients were selected from the
TCGA database using the least absolute shrin-
kage and selection operator (LASSO) regres-
sion algorithm (10-fold cross-validation). Sur-
vival and time ROC analyses were performed as
above. Analyses were performed using the R
package “glmnet”. Data were analyzed using
multivariable Cox regression, and the iteration
was performed using the step function. The
most optimal model was the final model.

The expression matrix and relevant clinical fea-
tures were extracted from the GSE57495 data
set in the GEO database. The risk score of each
sample was determined, as in the development
cohort, and the samples were divided into high-
and low-risk groups according to the median of
6.995.

The correlation between immune infiltration
and risk score based on the gene signature

The immune scores were calculated using the
QUANTISEQ algorithm. The correlations bet-
ween the expression of GRGs and the immune
scores were examined using the R software
package “ggstatsplot” and Spearman’s correla-
tion analysis.

The difference in ICB treatment response
between the different GRG risk groups and the
gene signature

The TCGA PAAD cohort was classified into high/
low-risk groups based on previously identified
genes or the 15 genes identified in this study.
The potential ICB response was predicted using
the TIDE algorithm [31]. Data were analyzed
using “ggplot2” (v3.3.3) and “ggpubr” (v0.4.0)
packages in R (v4.0.3) software.

Tissue specimens

A total of 139 PAAD samples were obtained
from the Cancer Hospital of the University of
Chinese Academy of Sciences, Zhejiang Cancer
Hospital (Hangzhou, China). TMA was con-
structed with the samples from the 139 PAAD
patients as previously described [32]. Informed
consent was obtained for each participant. The
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study was conducted according to the Helsinki
declaration. The study was approved by The
Ethics Committee of the Cancer Hospital of the
University of Chinese Academy of Sciences
(approval # IRB-2016-159(KE)).

Immunohistochemistry

Immunohistochemistry (IHC) of TMA was per-
formed using FFPE specimens as previously
described [32]. The primary antibodies used for
IHC were antibodies against GSDMC (1:100,
GeneTex, GTX33979), PD-L1 (1:200, GeneTex,
GTX01796), and CD8 (1:100, MXB Biotech-
nologies, RMA-0514). Histopathological review
and IHC scoring were performed by two pathol-
ogists (W.Y. and C.M.W.). GSDMC and PD-L1
were assigned positive and negative scores.
CD8 was assigned with high and low scores.
The expression of CD8 was considered high if
>10 cells were present per high-power field (x
400).

Statistical analysis

GSDMC mRNA expression in PAAD and normal
tissues were analyzed and visualized using R
software v4.0.3. A P-value <0.05 was consid-
ered statistically significant. The OS of patients
between subgroups was analyzed using the
Kaplan-Meier method with a two-sided log-rank
test. In addition, the prognostic value of the
gene signature was evaluated using univaria-
ble and multivariable Cox regression models.
Differences in immune infiltration and risk
score activation between the two groups were
analyzed using the Spearman non-parametric
test. All statistical analyses were performed
using R (v4.0.3) and relevant packages. The
correlation and survival analyses in the TMA
cohort were performed using IBM SPSS Sta-
tistics (Version 26).

Results

GSDMC expression and mutation profiling in
PAAD

To examine the GSDMC expression in various
pancreatic tissues, we compared the transcrip-
tion of GSMDC mRNA in 179 tumor tissues and
normal pancreatic tissues using data in the
TCGA and GTEx databases. GSDMC expression
was significantly higher in PAAD tumor tissues
than in normal pancreatic tissues (Figure 1A).
GSDMC expression was lower in normal (GO)
tissues than in G1, G2, and G3+4 PAAD tissues
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Figure 1. Differential GSDMC mRNA expression levels among various PAAD tissues or cell lines. A. Comparison of GSDMC mRNA expression levels between PAAD
tumors tissues vs. normal pancreatic tissues. B. Comparison of GSDMC mRNA expression levels between normal pancreatic tissues and PAAD tumor tissues of
different histological grades in PAAD. C. Comparison of GSDMC mRNA expression levels between different pancreatic cancer cell lines. D. Sangkey diagram show-
ing GSDMC expression profile in PAAD tumor tissues categorized by different variables. Each row represents a feature variable. Different colors represent different
pTNM stages. The lines represent the distribution of the same sample in different feature variables.
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Figure 2. Correlation between GSDMC expression and overall survival of PAAD patients in the TCGA cohort. A. The
gene expression, survival time, and survival status of 179 cases of PAAD from the TCGA cohort. The top scatterplot
represents the gene expression from low to high. Each group is represented by a different color. The scatter plot
distribution represents the gene expression of different samples with distinct survival time and survival status. The
bottom figure shows the gene expression heatmap. B. Kaplan-Meier survival analysis of the gene signature from
the TCGA dataset. Different groups were compared with the log-rank test. C. The receiver operating characteristics
(ROC) curve of the GSDMC gene. High values indicate of high predictive power.

(Figure 1B), suggesting that GSDMC could par-
ticipate in the initiation of PAAD development.
We investigated GSDMC mRNA transcription in
pancreatic cancer cell lines and found that
HPAC was the most transcribed, whereas PA-
TU-8988S was the least transcribed protein
in GSDMC (Figure 1C). Figure 1D shows the
Sangkey diagram of the clinical factors related
to GSDMC expression. Therefore, these results
suggest that high GSDMC expression is associ-
ated with PAAD.

The mutation landscape of GSDMC in the TCGA
PAAD cohort generally revealed low muta-
tion frequency in GSDMC. As shown in
Supplementary Figure 1, the somatic mutation
rate of GSDMC in PAAD was 0.56%. The major
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mutation was missense mutation, the predo-
minant variant type was single-nucleotide poly-
morphism (SNP), and the single-nucleotide vari-
ation (SNV) class was C>T substitution.
Therefore, the mutation rate of GSDMC in PAAD
is low.

Correlation between GSDMC expression and
patient OS in the TCGA cohort

The GSDMC expression was higher in PAAD
tumors than in normal pancreatic tissues.
Therefore, we investigated the association be-
tween GSDMC expression and OS of PAAD
patients. Figure 2A presents the scatterplot of
GSDMC expression and survival of PAAD pa-
tients. The OS was worse in the high-risk group

Am J Cancer Res 2023;13(4):1240-1258
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than in the low-risk group (median, 1.4 vs. 1.8
years, P = 0.024) (Figure 2B). Based on a time-
dependent ROC analysis, we found that the
AUC for 1-year OS was 0.667, 0.757 for 3-year
0S, and 0.695 for 5-year OS (Figure 2C).
Therefore, there is an association between
GSDMC expression and the overall survival of
PAAD patients.

Identification of the GSDMC-related genes
(GRGs) in the TCGA cohort

To investigate the possible mechanisms under-
lying GSDMC effects on the overall survival of
PAAD patients, we identified the GRGs in the
TCGA cohort. GRGs were defined as top genes
positively correlating to GSDMC and overlap-
pingly expressed in cancers to which GSDMC
was prognostically relevant. We first performed
a pan-cancer analysis to investigate the impact
of GSDMC on the OS across 32 cancer types in
the TCGA cohorts. We found that the role of
GSDMC in predicting the outcome of different
types of cancer was meaningful but contradic-
tory. High GSDMC expression was protective
for low-grade glioma (LGG) but distinctly risky
for PAAD (Supplementary Figure 2). Therefore,
we selected LGG and PAAD as representative
cancer types to identify the candidate GRGs.
Using the web-tool Linkedomics (Supplemen-
tary Figure 3), we successfully identified 160
genes (Supplementary Table 1) that were posi-
tively correlated with GSDMC and were overlap-
pingly expressed in LGG and PAAD. Out of the
160 genes, 150 (Supplementary Table 2) were
identified as GRGs for further analysis.

Tumor risk classification based on the 150
GRGs and functional enrichment analysis

To validate whether the expression of GRGs
predicted PAAD prognosis, we conducted a risk
classification based on the 150 GRGs above.
The PAAD samples in the TCGA cohort were cat-
egorized into two groups (Figure 3A-D). The
median OS was significantly low in the high-risk
group than in the low-risk group (median, 1.6
years vs. not reached, P = 0.004) (Figure 3E).

To unveil how GSDMC and its related genes
affect the OS of PAAD patients, we examined
the differences in gene functions and pathways
between the high-risk and low-risk groups,
which GRGs define. Based on differentially ex-
pressed gene (DEG) analysis, 10,447 DEGs

1245

were identified between the low- and high-risk
groups in the TCGA cohort. Among them, 9381
genes were upregulated among high-risk indi-
viduals, while 1066 genes were downregu-
lated (Supplementary Figure 4A, 4B and

Supplementary Table 3). Gene ontology (GO)
enrichment analysis and Kyoto Encyclopaedia
of Genes and Genomes (KEGG) pathway analy-
sis were performed. The results indicated that
the DEGs were mainly correlated with neutro-
phil degranulation, neutrophil activation invol-
ved in immune response, T-cell activation, posi-
tive regulation of cytokines production and reg-
ulation of cell-cell adhesion, and cell-cell he-
mopoiesis (Supplementary Figure 4C, 4D).
Therefore, GRGs play a role in the prognosis of
PAAD.

Construction of a novel signature for PAAD OS
prediction in the TCGA cohort

In light of GRGs that distinctly classified the
179 PAAD samples in the TCGA cohort into dif-
ferent prognostic groups, we further investigat-
ed whether GRGs could be used to construct a
risk model to predict the OS of PAAD. Following
the LASSO Cox regression analysis (Figure 4A,
4B), a 15-gene signature was generated with
the optimum A value. The risk score was calcu-
lated as follows: risk score = (0.0486) x GSDMC
+ (0.1784) x RIPK2 + (0.0229) x DERA +
(-0.4027) x LLGL1 + (0.1644) x BCARS3
(0.0175) x ZFP36L1 + (0.0885) x GNA15
(0.7983) x RGS9BP + (0.008) x S100A2
(0.0011) x MGST1 + (0.0236) x FLNB
(
(

+ 4+ + +

-0.2548) x CC2D1B + (0.0324) x AMIGO2 +
-0.039) x GNAI2 + (0.4634) x PPP2R3A.

The median score calculated by the risk score
formula divided 179 patients equally into the
low- and high-risk groups (Figure 4C, 4E). The
OS was significantly lower in the high-risk than
in the low-risk group (P<0.001) (Figure 4D). A
time-dependent ROC analysis was performed
to evaluate the sensitivity and specificity of the
prognostic model, resulting in an AUC of 0.803
for 1-year OS, 0.807 for 3-year OS, and 0.918
for 5-year OS (Figure 4F).

Validation of 15-gene signature to predict the
OS of PAAD in the GEO cohort

A total of 63 PAAD patients from a GEO cohort
(GSE 57495) were used to validate the risk

Am J Cancer Res 2023;13(4):1240-1258
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model built above. According to the median risk 0.771 for 3-year OS, and 0.723 for 5-year OS)
score in the TCGA cohort, 32 patients in the (Figure 5C).

GEO cohort were low-risk, while 31 were high-

risk (Figure 5A, 5B). The Kaplan-Meier analysis Construction of a nomogram for PAAD OS
revealed a poorer OS in the high-risk patients prediction in the TCGA cohort

than in the low-risk patients (median, 1.5 vs.

2.5 years, P = 0.036) (Figure 5B). The ROC To analyze the relationship between the 15-
curve analysis of the GEO cohort showed good gene signature and clinical pathological param-
predictive accuracy (AUC = 0.633 for 1-year OS, eters in PAAD patients, we further developed a
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Figure 4. Construction of the risk signature based on the data of the TCGA cohort. A. The coefficient profiles of 150
GSDMC-related gene signatures are shown by lambda (A\) parameter. The abscissa represents the lambda value,
and the ordinate represents the coefficients of the independent variable. B. Partial likelihood deviations were plot-
ted against the log (A) using the LASSO Cox regression model. C. The risk score, survival time, and survival status of
PAAD cohorts for the TCGA data set. The scatterplot represents the risk score from low to high. Each group is repre-
sented by a different color. The scatter plot distribution represents the risk score of different samples correspond-
ing to the survival time and status. Heatmap of the expression of the genes from the signature. D. Kaplan-Meier
survival analysis of the risk model from the TCGA PAAD cohort, the groups were compared using the log-rank test.
E. The heatmap of the gene expression from the signature. F. Time-dependent receiver operating characteristics
(ROC) analysis of the 15-gene signature. High values of area under the curve (AUC) indicate highpredictive power.

nomogram based on our signature and incorpo-
rated various clinical pathological parameters
(age, pT stage, pTNM stage, grade, and radia-
tion therapy). Those clinical pathological vari-
ables and the signature were analyzed using
univariate and multivariate Cox regression mo-

dels, respectively (Supplementary Figure 5A,
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5B). Independent prognostic variables deter-
mined by multivariate Cox regression analysis
were used to construct a nomogram to predict
the 1-, 3-, and 5-year OS of PAAD patients.
Calibration curves were plotted and showed a
great match with the actual OS of PAAD pa-

tients (Supplementary Figure 5C, 5D).
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Figure 5. Validation of the 15-gene signature in the GEO cohort. A. The heatmap of risk score, survival time, survival
status, and 15-gene expression profile for the validation data set. The scatterplot represents the risk score from low
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tion power of the risk model from the data set. Groups were compared using the log-rank test. C. Time-dependent
receiver operating characteristics (ROC) analysis of the 15-gene in the validation data set.

Immune infiltration profiles based on the risk
scores calculated with the 15-gene signature
in the TCGA cohorts

To further investigate how the 15-gene signa-
ture classified the risk of PAAD, we analyzed
the correlations between risk scores based on
the 15-gene signature and the immune scores
calculated using the QUANTISEQ algorithm
(Figure 6A-K). The results showed significantly
higher levels of M1 macrophages (Figure 6B),
neutrophils (Figure 6E), and uncharacterized
cell (Figure 6K) infiltration in the high-risk group
than in the low-risk group. However, M2 macro-
phages (Figure 6C), monocyte cells (Figure 6D),
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NK cells (Figure 6F), and Myeloid dendritic cells
(Figure 6J) were significantly lower in the high-
risk group than in the low-risk group.

The response of ICB treatment between the
high- and low-risk groups based on the 150
GRGs or the 15-gene signature

To investigate whether GSDMC was associated
with the efficiency of ICB treatment in PAAD, we
assessed the difference in potential ICB treat-
ment responses in the high- and low-risk
groups. The ICB treatment response prediction
was calculated using the TIDE algorithm. A sig-
nificantly more effective response to ICB was
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Figure 6. The correlation between immune scores and the risk score based on the 15-gene signature. Correlations were analyzed with the Spearman test. The
immune scores were calculated using the QUANTISEQ immune algorithm. The abscissa represents the distribution of risk score calculated by the GRG signature,
and the ordinate represents the distribution of the immune score. The density curve on the right indicates the trend in the distribution of the immune score. The
upper-density curve illustrated the trend in the distribution of the gene expression or the score. The value on the top represents the correlation p-value, correlation
coefficient, and correlation calculation.
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predicted in the low-risk group than in the high-
risk group based on the 150 GRGs (Figure
7A, 7B) and the 15-gene signature (Figure 7C,
7D).

Survival analysis based on GSDMC protein
expression in the TMA cohort

We first examined GSDMC expression in 139
PAAD samples in the TMA cohort to validate the
findings from the bioinformatics analyses. As
shown in Table 1, 99 PAAD samples were
GSDMC negative, while 40 were GSDMC posi-
tive. Correlations among the GSDMC expres-
sion and multiple clinicopathological factors
were analyzed, and no significant difference
was observed.

We then examined the correlation between
GSDMC expression and the OS of 139 PAAD
patients. The median OS was much longer in
the GSDMC positive group than in GSDMC
negative group (22 months vs. 12 months, P =
0.001) (Figure 8). These results were consis-
tent with the aforementioned bioinformatic
analysis, suggesting that GSDMC is a prognos-
tic biomarker of PAAD.
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Correlations between GSDMC expression and
PD-L1 or CD8+ T cells infiltration in the TMA
cohort

To validate the impact of GSDMC on tumor
immune microenvironment in PAAD, we
assessed the correlations between GSDMC
expression and PD-L1 expression or CD8+ T
cell infiltration in the TMA cohort. We observed
that GSDMC expression was positively corre-
lated with PD-L1 expression (R = 0.248, P =
0.003). However, GSDMC expression negative-
ly correlated with CD8+ T cell infiltration (R =
-0.177, P = 0.037) (Figure 9 and Table 2).
Therefore, GSDMC plays an immunosuppres-
sive role in the tumor microenvironment of
PAAD.

Discussion

The GSDMC expression in PAAD and its impact
on patient prognosis and immune infiltration
remain unknown. In the present study, we
found that GSDMC expression was higher in
PAAD than in normal pancreatic tissues.
Further analysis revealed that overexpression
of GSDMC expression was associated with

Am J Cancer Res 2023;13(4):1240-1258
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Table 1. Association of GSDMC expression with clinicopathological factors of patients in the PAAD

TMA cohort
GSDMC expression
Factor Total (n = 139) - —
Negative (N = 99) Positive (N = 40) P value
Gender 0.622
female 46 (33.1%) 34 (24.5%) 12 (8.6%)
male 93 (66.9%) 65 (46.8%) 28 (20.1%)
Age 0.503
<60 44 (31.7%) 33 (23.7%) 11 (7.9%)
>60 95 (68.3%) 66 (47.5%) 29 (20.9%)
BMI 0.171
<25 117 (84.2%) 86 (61.9%) 31 (22.5%)
>25 22 (15.8%) 13 (9.4%) 9 (6.5%)
Smoking 0.835
no 92 (66.2%) 65 (46.8%) 27 (19.4%)
yes 47 (33.8%) 34 (24.5%) 13 (9.4%)
Family history 0.836
no 54 (38.8%) 39 (28.1%) 15 (10.8%)
yes 85 (61.2%) 60 (43.2%) 25 (18.0%)
Tumor size 0.414
T1 16 (11.5%) 13 (9.4%) 3(2.2%)
T2 62 (44.6%) 41 (29.5%) 21 (15.1%)
T3 61 (43.9%) 45 (32.4%) 16 (11.5%)
Lymph node stage 0.810
NO 73 (52.5%) 53 (38.1%) 20 (14.4%)
N1 49 (35.3%) 35 (25.2%) 14 (10.1%)
N2 17 (12.2%) 11 (7.9%) 6 (4.3%)
pTNM stage 0.639
I 27 (19.4%) 21 (15.1%) 6 (4.3%)
Il 89 (64.0%) 62 (44.6%) 27 (19.4%)
1 21 (15.1%) 14 (10.1%) 7 (5.0%)
v 2 (1.4%) 2 (1.4%) 0 (0.0%)
Histological grade 0.634
Gl 22 (15.8%) 16 (11.5%) 6 (4.3%)
G2 79 (56.8%) 54 (38.8%) 25 (18.0%)
G3 35 (25.2%) 26 (18.7%) 9 (6.5%)
G4 3 (2.2%) 3(2.2%) 0 (0.0%)

poor OS of PAAD patients. In addition, GRGs
classified the TCGA PAAD cohort into two dis-
tinct risk groups. The low-risk group was more
responsive to ICB therapy than the high-risk
group. A novel 15-gene signature was con-
structed and could predict the OS based on a
high- and low-risk classification. The expres-
sion of 15 genes signature was also associated
with the infiltration of immune cells. Therefore,
these results strongly suggest that GSDMC was
upregulated in PAAD and associated with a
poor prognosis of PAAD. GSDMC-related genes
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and the 15-gene signature could help iden-
tify patients who are more responsive to
immunotherapy.

Available data suggested that GSDMC overex-
pression is associated with a poor prognosis in
patients with breast cancer [23] and lung can-
cer [24]. Studies have reported that GSDMC
triggers tumorigenesis in colorectal cancer
[26]. Notably, GSDMC expression is low or null
in normal epithelial cells [27]. Only one recent
study indicated that GSDMC is also elevated in

Am J Cancer Res 2023;13(4):1240-1258
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are pathways associated with
cancer [38, 39]. The findings of
this study are consistent with
the role of GSDMC in pyropto-
sis [23]. Pyroptosis induces
inflammatory and immunogen-
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vironment [16, 17, 40], and the
expression of genes of the

Figure 8. Kaplan-Meier survival curve for patients with positive and negative

GSDMC staining in the PAAD TMA cohort.

PAAD [30]. Therefore, since GSDMC is found
mainly in cancer cells, it is a potential biomark-
er for different types of cancer. Nevertheless,
GSDMC might have different functions in differ-
ent tissues. In this study, GSDMC expression
was more elevated in PAAD tissues than in nor-
mal pancreatic tissues. However, based on the
data from the TGAC database, GSDMC expres-
sion was low in LGG. In addition, GSDMC over-
expression was associated with a poor progno-
sis in PAAD patients. The present study also
showed that the occurrence of mutations in
the GSDMC gene in PAAD was very low (0.6%).
Therefore, the GSDMC overexpression in PAAD
is not due to a driving mutation in GSDMC. The
driving event leading to a GSDMC overexpres-
sion remains unidentified. Pyroptosis is a type
of cell death induced by inflammatory caspas-
es (mainly caspase-1, -4, -5, and -11 [33]).
These caspases activate gasdermins that
migrate to the cell membrane, forming pores
that lead to cell swelling and rupture, cytosol
release, and pyroptosis [34]. Any endogenous
and exogenous signals that activate caspase-1
can enhance pyroptosis [35]. Amplifying local
and systemic inflammation will lead to pyropto-
sis [35]. The NLRP3 inflammasome plays a role
in pyroptosis and is expressed in cancer [36].
The NLRP3 inflammasome is also activated by
oxidative stress [37]. There is a need for future
studies to investigate the mechanisms underly-
ing GSDMC overexpression in PAAD.
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GSDM family influences the
PAAD microenvironment [41].
This study consistently predict-
ed significantly higher ICB
treatment responsiveness in
the low-risk group than in the high-risk group
classified by GRGs.

Since a molecular signature based on 150
genes is impractical in clinical application, the
present study focused on the top 15 DEGs
to construct a molecular signature. Besides
GSDMC, the present study showed that four-
teen DEGs were associated with PAAD, all of
which have some relationship with cancer
development. RIPK2 promotes tumor invasion
and predicts cancer prognosis and immuno-
therapy response [42, 43]. DERA has a prog-
nostic significance in pancreatic cancer
(https://www.proteinatlas.org/ENSGO0O0000-
23697-DERA/pathology/pancreatic+cancer).
LLGL1 participates in cell adhesion, and the
loss of LLGL1 leads to gastric cancer metasta-
sis [44]. In addition, LLGL1 inhibits chemoresis-
tance in PAAD [45]. BCAR3 plays a role in the
prognosis of PAAD [46], ZFP36L1 promotes
PAAD aggressiveness [47], GNA15 plays a role
in early pancreas carcinogenesis [48], RGS9BP
is among the key regulators of PAAD transcrip-
tomics [49], and S100A2 is associated with
PAAD [50]. MGST1 has recently been identified
as a possible target for PAAD treatment [51].
FLNB is a potential biomarker for prostate
cancer [52], and CC2D1B is an unfavorable
prognostic biomarker of liver cancer (https://
www.proteinatlas.org/ENSG0O0000154222-
CC2D1B/pathology). AMIGO2 is independently
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Figure 9. Representative images showing protein levels of GSDMC (positive: A; negative: B), PD-L1 (positive: C and
negative: D) and infiltration of CD8+ T cells (low: E and high: F) in the PAAD TMA cohort.

Table 2. Correlation between GSDMC protein levels and PD-L1, and CD8+ T cell infiltration in PAAD

patients in the PAAD TMA cohort

GSDMC expression
- — P value R
Negative (N = 99) Positive (N = 40) total
PD-L1 0.003 0.248
negative 91 29 120
positive 8 11 19
total 929 40 139
CcD8 0.037 -0.177
low 70 35 105
high 29 5 34
total 99 40 139

associated with the prognosis of various solid
tumors [53-55]. GNAI2 plays a role in PAAD
cell migration and metastasis [56]. Finally,
PPP2R3A plays a role in carcinogenesis [57].
Therefore, studies have shown that all 15 genes
participate in cancer development, progres-
sion, and/or treatment response. A 15-gene
signature was constructed by combining all the
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15 genes, which showed discrimination for
PAAD OS and biomarkers to predict the immu-
notherapy response of PAAD. A recent study
constructed a five-gene signature based on
IL18, CASP4, NLRP1, NLRP2, and GSDMC that
had a good predictive value for PAAD progno-
sis. However, it did not examine the immuno-
therapy response of PAAD [30]. Song et al. [28]
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constructed a prognostic signature based on
33 genes related to pyroptosis, based on
CASP4 and NLRP1 but also including GSDMC,
and showed that the signature was related to
the OS in PAAD patients. Li et al. [29] construct-
ed a prognostic signature based on GSDMC,
CASP4, 1L-18, NLRP1, NLRP2, PLCG1, and
CASP1 using the TGCA database, which
showed a good prognosis prediction in PAAD.
Therefore, prognostic signatures that include
GSDMC expression have good prediction for
immunotherapy response of PAAD. There is a
need to validate the signature proposed here in
larger patient populations.

In addition to the OS, according to the model,
the high-risk group displayed high levels of M1
macrophage and neutrophil infiltration but low
M2 macrophages, NK cells, CD8+ T cells, and
regulatory T cells. The low-risk group showed
a better immunotherapy response to PAAD.
Nevertheless, studies have shown that PAAD
has a poor response to immunotherapy [58,
59]. However, some studies have suggested
that combining immunotherapy with treat-
ments that modulate the immune tumor micro-
environment could lead to better responses
[60, 61]. PD-L1 and GSDMC expression are
linked to breast cancer and could influence the
response to immunotherapy [21]. There is a
need to investigate whether GSDMC or the
other related genes could be modulated to
enhance the immune response in immunothe-

rapy.

This study has some limitations. Firstly, this
study was primarily based on bioinformatics
analyses. However, the results were validated
across multiple databases using actual tissue
specimens from local patients and cell lines.
Secondly, our results might be compromised by
confounding factors, such as different treat-
ments, since GSDMC is reported to induce
pyroptosis mainly under chemotherapy drugs.
However, our analysis cohorts were not strati-
fied by various treatments due to the very small
cohort size. Finally, the mechanisms underlying
GSDMC overexpression were not investigated.

In conclusion, the present study presented an
in-depth analysis of the expression and effect
of GSDMC on PAAD prognosis. In addition, we
constructed a novel GSDMC-related signature
to predict PAAD prognosis. GSDMC affects
patient prognosis by reshaping the immune
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tumor microenvironment. This study suggests
that GSDMC is a valuable biomarker for PAAD
prognosis and a potential predictor for immu-
notherapy response in PAAD.
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Supplementary Figure 1. GSDMC mutation landscape in the PAAD TCGA cohort. A. Mutation diagram of GSDMC in
PAAD across protein domains. B. GSDMC Somatic landscape in the TCGA PAAD tumor cohort. The genes are ordered
by their mutation frequencies. The samples are ordered by disease histology, as indicated by the annotation bar
(bottom). The sidebar plot shows the -log10-transformed g-values, as estimated using Mut SigCV. The waterfall plot
shows mutation information for each gene for each sample. The bar plot above the legend shows the mutation bur-
den. C. Cohort summary of the distribution of variants according to variant classification, type, and SNV class. The
bottom part (from left to right) indicates the mutation load of each sample (variant classification type). The stacked
bar graph shows the top ten mutated genes.
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Supplementary Figure 2. Associations between GSDMC expression and patients survival in LGG and PAAD. Forest
plots showing associations between GSDMC expression and overall survival (A), progress free survive (B) and dis-
ease specific survival (C) in LGG and PAAD. Univariate cox regression analysis and the forest was used to show the
P value, HR and 95% CI of each variable through ‘forestplot’ R package. All the analysis methods and R package
were implemente by R version 4.0.3. Two-group data were performed by wilcox test. P values less than 0.05 were
considered statistically significant (*P<0.05).
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Supplementary Figure 4. Functional enrichment of differentially expressed genes between the high- and low-risk
groups based on the GRGs. A. The volcano plot was constructed using a 1.3-fold change and P-value <0.05. The red
dots indicate upregulated genes. The blue dots indicate down-regulated genes. The grey dots indicate no significant
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potential targets of mRNAs. The biological process (BP), cellular component (CC), and molecular function (MF) of
potential targets were clustered based on the “Cluster Profiler” package in R software (version: 3.18.0). The colors
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Supplementary Figure 5. Nomogram based on the 15-gene signature. Univariate (A) and multivariate (B) Cox regres-
sion. Nomogram can predict the 1-year, 3-year and 5-year overall survival of PAAD patients. (C) Calibration curve for
the overall survival nomogram model. (D) The dashed diagonal line represents the ideal nomogram, and the blue
line, red line and orange line represent the 1-year, 3-year and 5-year of the observed nomogram.



