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Abstract. - OBJECTIVE: This study aims to de-
velop a risk prediction model of pyroptosis-relat-
ed genes based on its impact on immunothera-
py sensitivity of uterine corpus endometrial car-
cinoma (UCEC), one of the most common and
threatening gynecological malignancies.

PATIENTS AND METHODS: Through multiple
bioinformatics analysis, we obtained raw counts
of RNA-sequencing data and corresponding clin-
ical information related to UCEC from The Can-
cer Genome Atlas (TCGA) and Gene Expression
Profiling Interactive Analysis (GEPIA) to investi-
gate the potential mechanisms of differentially
expressed pyroptosis-related genes (DEPRGs),
including the correlation between DEPRGs and
prognosis, tumor immune microenvironment and
the immunotherapy sensitivity of UCEC patients.
Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) Enrichment Analysis
were used to figure out the functional differences.
Furthermore, a mRNA-miRNA-IncRNA network
was constructed to identify potential impact of
pyroptosis on tumor progression.

RESULTS: In this study, we achieved six DE-
PRGs (CASP3, GPX4, GSDMD, NOD2, PYCARD
and TIRAP) and constructed a 6-gene signature
which classified UCEC patients in the TCGA co-
hort into a low-risk group or a high-risk group.
Patients in the low-risk group showed sig-
nificantly longer survival time (p=0.000373).
The risk score was also confirmed as an indepen-
dent prognostic factor combining with the clinical
characteristics. GO and KEGG functional analysis
revealed the possible molecular mechanisms by
which six DEPRGs influence anti-tumor immuni-
ty in UCEC patients. In addition, we found that
two DEPRGs (GPX4, TIRAP) were not only signifi-
cantly associated with tumor mutational burden
(TMB) or microsatellite Instability (MSI), but also
involved in regulating the number and function
of CD8+ cells.

CONCLUSIONS: Upon comprehensive bioin-
formatics analysis, it was concluded that pyro-
ptosis-related genes (PRGs) could predict the
prognosis of EC patients and be affected in mod-

ulating the anti-tumor immune responses for pa-
tients with EC.
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Introduction

EC is among the most common gynecological ma-
lignancies in developed countries, with steady growth
of incidence at approximately 1.3% each year'. For
EC patients eligible for surgery, standard manage-
ment, including total hysterectomy and bilateral
salpingo-oophorectomy with surgical staging is
recommended. Adjuvant therapy (chemotherapy or
radiotherapy) is tailored based on the patient’s patho-
logical characteristics and clinical risk factors includ-
ing age, Body Mass Index (BMI), menopause, etc.
However, for patients with advanced EC who have
already received standard management, effective
treatment opinions are often lacking. In recent years,
immunotherapy, especially immune checkpoint in-
hibitor (ICI) therapy, has achieved positive prognos-
tic outcomes for a variety of solid tumors, such as
non-small cell lung cancer (NSCLC)?, hepatocellular
carcinoma® and UCEC*. Therefore, immunotherapy
is gradually becoming a new resort for patients with
advanced malignant tumors. However, according
to previous scholars®, most tumor patients had poor
response to immunotherapy. For example, Goodfel-
low et al’ used pembrolizumab to treat UCEC. They
found that only 20-30% of patients had MSI, and only
about half of UCEC patients responded to treatment.
Therefore, how to improve the sensitivity to immuno-
therapy has become a problem pressing for solution.

Unlike apoptosis, pyroptosis is a programmed cell
lytic death caused by inflammasomes. Pyroptosis has
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several distinct qualities including the cleavage of
proteins such as gasdermin D (GSDMD), which
could create pores in the cell membrane, its charac-
teristic bubble-like morphology and the release of in-
flammatory factors®. There are mainly four pathways
that can trigger pyroptosis, as shown in Table 1.
Pyroptosis may be implicated in several dis-
eases, including diabetes’, atherosclerosis®, ner-
vous system diseases®!'?, HIV!!, and so on. Luo
et al” reported that the presence of large amounts
of NLRP3, a pyroptosis-associated inflammsome,
were found in the cardiomyocytes of patients
with diabetic cardiomyopathy. In addition, HIV
might induce the cell death of CD4+ T cell by
caspase-1-mediated pyroptosis'!. An increasing
number of studies has demonstrated the correla-
tion of pyroptosis with the development of various
solid tumors, although the role of pyroptosis in dif-
ferent cancer types has remained unclear. Taking
GSDMD as an example, since the expression of
GSDMD was positively correlated with tumor ag-
gressiveness in NSCLC, GSDMD was regarded as
a tumor promotor!'2, In contrast, GSDMD was tak-
en as the tumor suppressor for gastric cancer, with
GSDMD expression significantly downregulated'?.
Specific to the tumor immunotherapy mentioned
above, there has been increasing evidence'* that the
induction of pyroptosis could improve the efficacy
of immunotherapy. The study of Erkes et al'® re-
ported that BRAF inhibitors together with MEK
inhibitors could promote cleavage of gasdermin
E (GSDME) and release of HMGB1, markers of
pyroptotic cell death, in melanoma with higher
intratumoral T-cell infiltration. However, the spe-
cific underlying mechanisms of pyroptosis in the
procession of UCEC and its impact on immuno-
therapy for UCEC have still rarely been reported.
Thus, we performed a systematic study to de-
termine the expression levels of PRGs between
normal and UCEC tissues using The Cancer Ge-
nome Atlas (TCGA) database. Then, we explored

Table I. The four main pyroptosis pathways.

the prognostic value of DEPRGs and conducted
a PRGs model to predict the prognosis of UCEC
patients. Furthermore, we stepped forward to in-
vestigate the impact of PRGs on the tumor immune
microenvironment and the immunotherapy sensi-
tivity of UCEC patients.

Patients and Methods

Data Collection and Pre-Processing

For the 543 UCEC patients of TCGA database,
the RNA expression and clinical data of UCEC
patients were downloaded from the Genomic Data
Commons (GDC) data portal (https://portal.gdc.
cancer.gov/) on June 1, 2021. The clinical infor-
mation of the UCEC patients was listed in Table II,
while 33 pyroptosis-related genes extracted from
prior reviews were shown in Table 111",

ldentification of Differential Expression
of Pyroptosis-related Genes

Wilcoxon signed-rank test was applied to search
for differential expression genes (DEGs) between
tumor tissues and normal samples employing the
“ggplot2” R package. A p<0.05 was considered
to be statistically significant. Then, a total of 27
DEPRGs were obtained, for which the correlation
map was displayed by the “corrplot” R software
package. We used Spearman’s correlation analy-
sis to describe the correlation between quantitative
variables without a normal distribution. STRING
(https://string-db.org/), a search tool for the retriev-
al of interacting genes or proteins was applied to
construct a protein-protein interaction (PPI) net-
work for 27 DEGs (interaction score= 0.9).

Development of the Pyroptosis-Related
Gene Prognostic Model

A univariate Cox analysis of overall surviv-
al (OS) was performed to screen the prognostic

Type Triggers

Processing

Canonical inflammasome pathway PAMP/DAMP

Activatng the inflammasomes and activated caspase
1 can cleave GSDMD and pro-IL-1p/IL-18

Non-canonical inflammasome pathway LPS

Binding to and activating pro-caspase 4/5 to cleave
GSDMD.

Chemotherapeutic drug

disrupting the mitochondrial
membrane and releasing Cyt ¢

activating caspase 9 and caspase 3 to cleave GSDME

CTLs and NK cells Perforin and Gzms

GzmA and GzmB can cleave GSDMB/E

Notes: PAMP: Gram-negative bacteria, viruses, toxins. DAMP: intracellular ROS, ATP, potassium, cadmium. CTLs:
Cytotoxic T lymphocytes. NK cells: natural killer cells. Cyt ¢: cytochrome ¢. Gzm: granzymes
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Table Il. The clinical information of the UCEC patients.

Total 543
Status (%) Alive 452 (83.2)
Dead 91 (20.1)
Age Mean (SD) 64 (11.1)
Median [MIN, MAX] 64 [31,90]
Race (%) AMERICAN INDIAN 4(0.7)
ASIAN 20(3.9)
BLACK 106 (20.7)
ISLANDER 9(1.7)
WHITE 372 (72.7)
FIGO stage (%) 1 339 (65.6)
I 51(9.8)
I 124 (24.0)
I\ 29 (5.6)
Grade (%) Gl 98 (18.4)
G2 120 (22.5)
G3 314 (59.0)
Tumor type (%) Metastasis 37 43.5)
Primary 11 (12.9)
Recurrence 37 (43.5)
Radiation Non-radiation 19 (28)
therapy (%) Radiation 31 (62)
History Neoadjuvant 2(0.3)
of neoadjuvant  No neoadjuvant 541 (99.7)
treatment (%o)

Notes: FIGO: The International Federation of Gynecology
and Obstetrics.

DEPRGs. Then, we conducted the least absolute
shrinkage and selection operator (LASSO) regres-
sion algorithm for feature selection, using 10-fold
cross-validation, to develop the prognostic model
with the “glmnet” R package. For Kaplan-Meier
curves, p-values and hazard ratio (HR) with 95%
confidence interval (CI) were generated by log-
rank tests and univariate Cox proportional hazards
regression. We obtained six prognostic DEPRGs
and corrected the gene expression levels by demo-
graphics in multivariate regression models.

Besides, the risk score was also calculated
based on the following formula:

Risk score =}’ (expression value of each gene
x and its coefficient).

According to the median risk score, UCEC pa-
tients were divided into low- and high-risk sub-
groups respectively, followed by a Kaplan-Meier
analysis to evaluate the predictive accuracy of
each gene and risk score using the “survival” and
“survminer” R packages. The “Rtsne” R package
was applied to carry out a principal components
analysis (PCA) to visualize the difference six gene
expressions. A 1-, 3-, and 5-year receiver operating
characteristic (ROC) curve analysis was conducted
employing the “timeROC” R package, with a no-

mogram constructed to predict corresponding OS
of UCEC patients, integrating our prognostic mod-
el. The expression level of 6 prognosis DEPRGs
was validated in GEPIA an online database forc-
ing on the standardized analysis of a tremendous
amount of RNA sequencing data based on TCGA
and GTEx data®. A p<0.05 was considered to be
statistically significant.

Functional Enrichment Analysis
of the DEGs

To confirm the difference of underlying function
between the high-risk group and low-risk group,
we used the “clusterProfiler” R package to conduct
functional enrichment. GO, including the biological
process (BP), cellular component (CC), and molec-
ular function (MF) categories, was widely employed
for annotating genes with functions. KEGG En-
richment Analysis was a practical resource for the
analytical study of gene functions and associated
high-level genome functional information. A p-val-
ue less than 0.05 and an FDR less than 0.1 were
considered to be statistically significant.

Construction of Competing Endogenous
RNA Network

Kruskal-Wallis test was employed to analyze
the relationship between six prognostic genes and
The International Federation of Gynecology and

Table Ill. The list of pyroptosis-related genes.

Genes

Pyroptosis-related GPX4, NLRP7, NLRP2, CASP,

genes CASP6, TNF, IL1B, IL18, CASP8,
NLRP6 IL6, GSDMA, GSDMC,
PYCARD, CASP5, AIM2, NOD2,
NLRC4, NLRP3, CASP4, CASP1,
PRKACA, ELANE, TIRAP, SCAF11,
PJVK, CASP9, NODI, PLCGI,
NLRP1, GSDME, GSDMD, GSDMB

Differentially GPX4, NLRP7, NLRP2, CASP,

expressed PRGs  CASP6, TNF, IL1B, IL18, CASPS,
NLRP6 IL6, GSDMA, GSDMC,
PYCARD, CASP5, AIM2, NOD2,
NLRC4, NLRP3, CASP4, CASPI,
PRKACA, ELANE, TIRAP, SCAF11,
PJVK, CASP9, NODI, PLCGI,
NLRP1, GSDME, GSDMD, GSDMB

Prognostic CASP3, GPX4, GSDMD, NOD2,

DEPRGs PYCARD, TIRAP

FIGO stage DEPRGsGPX4, NOD2, PYCARD,

related TIRAP

Notes: PRGs: pyroptosis-related genes; DEPRGS: differentially
expressed pyroptosis-related genes FIGO: The International
Federation of Gynecology and Obstetric.
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Obstetrics (FIGO) stage. To further clarify the po-
tential functions of DEPRGs in UCEC and investi-
gate the association between IncRNA and miRNA,
a competing endogenous RNA network of mRNA,
miRNA and IncRNA was constructed. The miRNA
was selected by using miRTarBase (http://mirtar-
base.mbce.nctu.edu.tw) and TarBase V.8 (http://car-
olina.imis.athena-innovation.gr/diana_tools/web/
index.php?r=tarbasev8/index).

According to identified miRNA, we used Star-
Base and LncBase Predicted v.2 to screen for In-
cRNAs targets interacting with miRNA. Then, we
compared normal and tumor tissues with Wilcox-
on signed-rank test to find out their differences in
miRNA and IncRNAs expression. Kaplan-Meier
survival analyses of miRNA and IncRNA were
also conducted by the “survival” and “survminer”
R packages, with p< 0.05 taken as statistically
significant.

Analysis of Immune Characteristics

To establish a landscape of risk scores and infil-
trating immune cells, infiltration intensity was as-
sessed through Immune Cell Abundance Identifier
(immuneCellAl), by uploading the UCEC RNA-
seq data®'. We analyzed the correlation between
the low- or high-risk groups and immune-cell
characteristics in UCEC patients of TCGA data-
base by Spearman correlation analysis, which is
also applied to clarify the r in UCEC patients. We
further delved into the correlation between six
prognosis DEPRGs and TMB or MSI. A p-value
less than 0.05 was set to be statistically significant.
All statistical analyses were accomplished with R
software (v4.0.3).

Results

Identification of DEPRGs Between
Normal and Tumor Tissues in UCEC

To begin with, we investigated the differenc-
es in the expression of 33 PRGs in tumor tissues
and normal samples and found out a total of 27
DEPRGs (Table III). More specifically, 12 PRGs
were upregulated and 15 PRGs were downregu-
lated in UCEC tissues (Figure 1A). Furthermore,
we stepped to explore the correlation between 27
DEPRGs (Figure 1B). Based on these DEPRGs,
we performed a PPI analysis with the minimum
required interaction score of 0.9, which indicat-
ed that CASP8, TNF, NLRP1, IL18, CASPI and
NLRP3 were central genes (Figure 1C).
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Development of a Prognostic Gene Penal
by DEPRGs

To construct a prognostic gene penal, we re-
sorted to univariate Cox regression analysis for
primary screening of the survival-related DE-
PRGs. As a result, the expression of 6 DEPRGs
proved to be associated for the OS of UCEC
patients, including CASP3 (p=0.046), GPX4
(p=0.01), GSDMD (p=0.043), NOD2 (p=0.013),
PYCARD (p=0.045) and TIRAP (p=0.011),
which were chosen as prognostic DEPRGs. The
results of the Kaplan-Meier survival curves in-
dicated that the six genes (CASP3, HR=0.650;
GPX4, HR=0.575; GSDMD, HR=0.648; NOD?2,
HR=0.583; PYCARD, HR=0.653; TIRAP,
HR=0.570) were protective genes with HR<I
(Figure 2). Then, we constructed a 6-gene signa-
ture by performing the least absolute shrinkage
and selection operator (LASSO) Cox regression
analysis and multivariate Cox analysis (Figure
3A, B). According to the formula mentioned
above, the risk score of each patient was calcu-
lated as follows:

Expression value of CASP3 x (—0.1229) + ex-
pression value of GPX4 x (=0.3951) + expression
value of GSDMD x (—0.1420) + expression value
of NOD2 x (—0.2009) + expression value of PY-
CARD x (—0.0133) +expression value of TIRAP
x (=0.2713)

Based on the median risk score, UCEC pa-
tients were divided into high-risk group and low-
risk group. The survival status of patients within
each group was presented in (Figure 3C, D). The
results showed that patients in the high-risk group
not only bore higher death rate but were also rel-
atively shorter in survival cycle (Figure 3E). In
the meantime, Time-dependent ROC analysis was
used to assess the sensitivity and specificity of our
prognostic model. The area under the ROC curve
(AUC) of our model was 0.625 for 1-year surviv-
al, 0.663 for 3-year survival and 0.717 for 5-year
survival (Figure 3F). We combined the prediction
model with some clinicopathological characteris-
tics, including age, BMI, histological type, FIGO
stage and grade, to construct a nomogram to pre-
dict the OS of UCEC patients at 1-, 3- and 5-year
stages (Figure 4).

The GEPIA database based on TCGA and GTEx
data was used to verify the differences between
normal and tumor samples in the expression of the
six prognostic DEPRGs which was consistent with
our previous findings, except for NOD2 expression
(Figure 5A-F). Besides, for external validation of
the predicted value of six prognostic DEPRGs, we
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Figure 2. Kaplan-Meier curves for the OS of patients in the high- and low-expression of 6 prognosis DEPRGs.

analyzed the progression free survival probability
(PFS) of six prognostic DEPRGs through the Ka-
plan-Meier plotter in UCEC. The results illustrated
that UCEC patients with high expression of the six
prognostic DEPRGs had higher PFS, as mentioned
in previous findings (Figure 5G-L).

Construction of an mRNA-miRNA-LncRNA
Network

We were interested in whether the expressions
of six prognosis DEPRGs were associated with
the progression of UCEC. The results showed
that the differences in the expression of GPX4
(»=0.01), NOD2 (p=0.0047), PYCARD (p=0.018)
and TIRAP (p=8.6e-006) in different FIGO stages
were statistically significant (Figure 6A-F). This
may imply that these four prognostic DEPRGs
were related to tumor progression in UCEC. To
clarify the potential functions of four prognostic
DEPRGs in tumor progression, we constructed a
network of mMRNA-miRNA—-IncRNA interactions.
Based on data from mirTarBase and TarBase V.8,
we identified miR-26b-5p as the targeting miRNA
binding to four prognostic DEPRGs (Figure 7A).
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The OS of patients with higher miR-26b-5p ex-
pression had no difference compared to patients
with lower miR-26b-5p expression (p=0.527),
although miR-26b-5p was upregulated in UCEC
(p=0.035) (Figure 7B, C). Then, we continued
to identify its upstream 11 IncRNA targets, in-
cluding MIR181A1THG, LINC00847, HCG11,
AC005082.1, LINCO1111, NEAT1, MALATI,
WASIR2, RP1-178F10.3, LINC00665 and TUG1
(Figure 7D), and conducted a miRNA—-IncRNA
axis. The mRNA-miRNA-IncRNA network was
shown in Figure 71. Similarly, we made compara-
tive analysis of differential upstream IncRNA tar-
gets expressions between the tumor and normal
tissues. The results indicated that, compared with
normal samples, 4 out of 11 IncRNA targets ex-
pressions were downregulated in UCEC, includ-
ing HCG11 (p=5.8¢-18), LINC00847 (p=3.5e-11),
NEATI (p=0.0099) and TUG1 (p=0.0051) (Figure
7E-H). The correlation with the expressions of In-
cRNA targets and the OS of UCEC patients was
also covered, but there appeared to be no IncRNA
target that could influence the OS of UCEC pa-
tients.
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Figure 3. Construction of the risk panel in the TCGA cohort LASSO regression of the 6 OS-related DEPRGs (A). Cross-validation
for tuning the parameter selection in the LASSO regression (B). Distribution of patients based on the risk score (C). The survival
status for each patient (low-risk group: on the left side of the dotted line; high-risk group: on the right side of the dotted line) (D).
Kaplan—Meier curves for the OS of patients in the high- and low-risk groups (E). The 1-, 3-, 5-year ROC curves demonstrated

the predictive efficiency of the risk score (F).

Functional Analysis of High-risk Group
and Low-risk Group

To clarify the molecular mechanism of six
prognostic DEPRGs, we carried out pathway and
process enrichment analysis with the following

ontology sources: GO Biological Processes, GO
Cellular Components, GO Molecular Functions
(Figure 8A-C) and KEGG Pathway (Figure 8D).
The GO functional enrichment analysis suggested
that these six prognostic DEPRGs were relevant to
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Figure 4. A prognostic signature-based nomogram for predicting 1-, 3-, and 5-year OS in UCEC patients.

immune response, inflammasomes production and
so on. We also found that six prognostic DEPRGs
were involved in the NOD-like receptor signaling
pathway, PD-L1 expression and PD-1 checkpoint
pathway in cancer upon KEGG analysis.

UCEC, Immune Checkpoint Blockade
Therapy and Prognosis DEPRGs

Based on the TIDE algorithm, we found
that patients in the low-risk group had a high-
er TIDE score, i.e., UCEC patients in the low-risk
group might be much more responsive to immune
checkpoint blockade therapy compared with those
in the high-risk group (Figure 9A).

To investigate the reason why patients in the
high-risk group had a worse prognosis, we explored
the correlation of risk score with tumor-infiltrating
lymphocytes (TIL) through immuneCellAl. The re-
sults indicated that patients in the low-risk group ac-
cumulated tumor-infiltrating immune cells, such as
NK cells and CD8+T cells (Figure 9B). More specif-
ically, the risk score was negatively correlated with
the infiltration of B cells (Cor=-0.17, p=4.43¢-05),
CD4+ T cells (Cor=-0.31, p=3.82¢-13), CD8 T+
cells (Cor=-0.14, p=0.001), neutrophils (Cor=-0.09,
p=0.034), macrophages (Cor=-0.18, p=2.68¢-05),
myeloid dendritic cells (Cor=-0.16, p=2.76e-04),
macrophage M1 (Cor=-0.33, p=3.66¢e-15), NK cell
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(Cor=-0.10, p=0.0019) and endothelial cell (Cor=-
0.24, p=8.88e-09) (Figure 10). In addition, we
explored not only the correlation between the six
DEPRGs and immune cells respectively, but also
the relationship between tumor-infiltrating immune
cells (Figure 9C, D). The mechanisms by which the
risk score was correlated with the infiltration of im-
mune cells aroused our interest. Thus, we applied
a gene co-expression analysis to analyze the rela-
tionship between the expressions of each prognostic
DEPRG and four immune related genes, including
MHC genes, immune activation genes, chemok-
ine related genes and chemokine receptors related
genes. The results showed that PYCARD, NOD2
and GSDMD expressions were positively correlated
with all MHC genes, except for HLA-DQA?2 (Fig-
ure 11A). Notably, six prognostic DEPRGs were
positively co-expressed with most immune activat-
ing genes, chemokine related genes and chemokine
receptors related genes (Figure 11B-D).

We hypothesized that UCEC patients who
have different expressions of six prognosis DE-
PRGs may also respond differently to ICIs therapy.
Therefore, we first investigated that 6 prognosis
DEPRGs were positively correlated with most of
the immune checkpoints (PD-1, CD274, CTLAA4,
LAG3, VTCNI1 and HAVCR2) (Figure 12A).
Then, we investigated the correlation between
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p-values were showed as: *p <0.05.
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Figure 10. The association between the abundance of immune cells and the riskscore.

the expression of six genes and TMB as well as
MSI. The results illustrated that GPX4 (Cor=0.35,
p=1.42¢-16) and TIRAP (Cor=0.29, p=3.46e-11)
were not only positively correlated with TMB
score (Figure 12C, E), but also positively relat-
ed to MSI score (TIRAP: Cor=0.24, p=2.35¢-08;
GPX4: Cor=0.17, p=6.18e-05) (Figure 12B, D).
According to a previous study?, the expression of
TCF7 and CD39 (ENTPD1) may exert an effect
on CTL function. Therefore, to further investigate
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the mechanism of the role of these two genes in
the immunotherapy of UCEC patients, the rela-
tionship between their expression and CD8+T
cell, as well as three genes (TCF7, ENTPDI and
HAVCR?2) associated with the function of CD8+T
cells. We found that both of GPX4 (Cor=0.157,
p=1.43e-01) and TIRAP (Cor=0.267, p=1.20e-02)
were positively correlated with the infiltration of
CDS8+T cells (Figure 12F, H). At the same time,
GPX4 was negatively related to the expression of
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Figure 11. The co-expression of each prognostic DEPRG with immune-related genes. MHC related genes (A). Immune acti-
vation genes (B). Chemokine related genes (C). Chemokine receptors related genes (D).

ENTPD1 (Cor=-0.33, p=3.3e-06) and TIRAP was
positively correlated with the expression of TCF7
(Cor=0.19, p=0.011) (Figure 12G, I).

Discussion

As stated in previous studies, pyroptosis-relat-
ed protein and genes were relevant to progression
of various tumors, such as lung cancer®, colorec-
tal cancer®, glioma?®, and so on. In recent years,
the impact of pyroptosis on the development and
progression of UCEC has obtained increasing at-
tention. For example, Yang et al*’ proposed that
hydrogen could inhibit endometrial cancer growth
via a ROS/NLRP3/caspase-1/GSDMD-mediated
pyroptotic pathway. However, there was still lim-
ited research endeavor on the impact and mecha-
nisms of PRGs on the prognosis of UCEC.

In the present study, we compared the expres-
sion of 33 PRGs in UCEC patients in the TCGA
database and identified 27 DEPRGs (including 12
upregulated PRGs and 15 downregulated PRGs).
Then, we applied statistical analysis to further
screen six DEPRGs (CASP3, GPX4, GSDMD,
NOD2, PYCARD and TIRAP) with value for pre-
dicting prognosis in UCEC and developed a six-
gene prediction panel. We found that all the genes
were protective factors and patients in the low-risk
group had a higher survival rate.

Previous scholars?® suggested that the five-year
survival rate of 66.9% UCEC patients diagnosed at
local stage was 95%, while 16% patients with meta-
static endometrial cancer were only 16.8%. This re-
vealed significant prognosis differentiation between
advanced-stage patients and early-stage ones. It is
widely known that a miRNA achieves its function
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by targeting many downstream mRNA targets. For
example, miRNA can interfere with tumor immuni-
ty and the microenvironment, which could possibly
facilitate tumor growth, invasion, metastasis, angio-
genesis and drug resistance®. On the other hand,
abnormal changes in IncRNA expression and func-
tion might also impact the development of cancers™.
Therefore, we attempted to explore the effect mech-
anism of four DEPRGs (GPX4, NOD2, PYCARD
and TIRAP) associated with FIGO stage on UCEC
progression by establishing a mRNA-miRNA-In-
cRNA network. The result showed that miR-26b-5p
as a miRNA that could bind four DEPRGs was up-
regulated in tumor tissues and 4 out of 11 upstream
IncRNAs (HCG11, LINC00847, NEAT1 and TUG1)
were downregulated with the expression in UCEC,
whereas we failed to find any correlation between
their expression and OS of UCEC patients. This may
suggest that miR-26b-5p and four IncRNAs indeed
affect in the progression of UCEC, but their specific
mechanisms are still in need of further study.

We conducted functional enrichment of DE-
PRGs between high/low-risk group in GO and
KEGG. The results illustrated that “inflammasome
production” and “immune and inflammatory re-
sponse” had the most frequent occurrences in GO
and “NOD-like receptor signaling pathway” and
“PD-L1 expression and PD-1 checkpoint pathway
in cancer” were enriched in the KEGG analysis,
which suggested the role of immune microenvi-
ronment in UCEC prognosis.

For those patients with advanced UCEC under
standard therapy, their prognostic outcomes tend-
ed to be worse due to lack of effective treatment
strategies. The national comprehensive cancer
network (NCCN) recommended the molecular
typing of endometrial cancer of TCGA for the
first time in March 2020, which suggested the
dawn of a new era of genomics-based and tumor
microenvironment-based immunotherapy for the
treatment of endometrial cancer®'. Unlike other
gynecologic malignancies, endometrial cancer
has more immune cells as well as cytokines in the
tumor microenvironment (TEM), which implied
those patients with endometrial cancer were more
likely to benefit from immunotherapy*>*. At pres-
ent, the main immunotherapy approaches for solid
tumors included ICls, cancer vaccines, adoptive
cell transfer (ACT), and lymphocyte-promoting
cytokines. Among them, ICIs therapy was re-
garded as one of the most effective strategies in
recent years. It was in evidence suggesting that
induction of pyroptosis might promote anti-tu-
mor immunity and improve patients’ sensitivity

to treatment with ICIs'**3%, We were hereby in-
terested in whether the six prognosis DEPRGs
would also improve the sensitivity of UCEC to
ICIs therapy. We first found that the scores of the
low-risk group patients were higher compared
to the high-risk group patients by employing the
TIDE algorithm?, which indicated that patients
in the low-risk group might be more sensitive
to ICIs therapy. Currently predictive biomark-
ers of sensitivity to immunotherapy for UCEC
mainly included immune checkpoint genes, TMB
and TIL3!. Therefore, we attempted to reveal the
relevant mechanisms in each of these three terms
by which six prognosis DEPRGs influence the
sensitivity of UCEC to ICls treatment.

The presence of TILs could predict better out-
comes because the effector cells in TILs could ex-
ert a cytotoxic antitumor immune response in var-
ious solid tumors, such as esophageal cancer and
ovarian cancer’®*’. For patients with UCEC, the
improvement of Cytotoxic T-lymphocyte (CTL)
infiltration in TEM correlated with prolongation
of both DPS and OS in patients*. Therefore, re-
versing the suppressive TEM is an important
strategy for immunotherapy. Here we found that
risk score was negatively correlated with multiple
immune cells, which may explain why patients
in low-risk group were associated with better
prognosis. Besides, we obtained immune check-
point genes associated with endothelial cancer
from previous research®', including PD-1, PD-L1
(CD274), CTLA4, LAG3, VTCN1 and HAVCR2.
Expression of immune checkpoint genes, especial-
ly PD-L1, was significantly associated with sensi-
tivity to ICIs treatment. Patel et al* reported that
PD-L1-positive tumors were more effective for an-
ti-PD-1 or anti-PD-L1 treatment (36-100%) com-
pared to PD-L1-negative tumors (0-17%). More-
over, PD-L1 expression was upregulated in MSI-H
and POLE tumors compared with MSS tumors®. In
the current study, we first identified that six prog-
nostic DEPRGs were positively correlated with the
expression of most immune checkpoint genes. Next,
we explored the relationship between six genes and
MSI. The results showed that two prognosis DEPRGs
(GPX4, TIRAP) were positively correlated with MSL.
As with PD-L1, TMB tended to be higher in MSI-H
and POLE tumors due to impaired DNA replication
fidelity and defective DNA MMR system*. Higher
TMB meant tumors can produce more neoantigens*.
The mutation-derived neoantigens could be displayed
by MHC class I on the surface of tumor cells, thus
stimulating anti-tumor immunity**. Interestingly, we
found that the two genes (GPX4, TIRAP) positively
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associated with MSI were also positively associated
with TMB. Since higher TMB and MSI both implied
more neoantigen production, GPX4 and TIRAP ap-
peared to promote the sensitivity to ICIs therapy by
facilitating more neoantigen production. CTL played
an important role in anti-tumor immunity because
CTL could recognize antigens presented by MHC
class I factors and kill tumor cells through releasing
perforin and granzymes (Gzms) as well as express-
ing FasL*. Zhang et al* pointed out that GSDME
expression could promote anti-tumor immunity by
enhancing the number and functions of tumour-in-
filtrating CD8" T lymphocytes. Therefore, the rela-
tionship between GPX4 or TIRAP and CD8+ T cells
aroused our interest. As a result, we found that both
genes were positively associated with CD8+ T cells.
Furthermore, Sade-Feldman et al* reported that the
improvement of the proportion of TCF7+CD8+T
cells suggested better efficacy of anti-PD1 therapy,
and in vivo trials have demonstrated that inhibition of
ENTPDI1 could suppress tumor growth and prolong
survival, which indicated that TCF7 and ENTPD1
were associated with the function and activity of
CD&+ T cells. The findings in our study showed that
GPX4 was negatively correlated with ENTPD1 and
TIRAP was positively correlated with TCF7. This
suggested that GPX4 and TIRAP not only affect the
number of CTL but also take participate in the regu-
lation of CTL function.

Previously, GPX4 has mostly been extensively
studied as a gene associated with ferroptosis. Ac-
tivation of GPX4 function leads to convert lipid
hydroperoxides to non-toxic lipid alcohols. As a
result, the formation of toxic lipid reactive oxygen
species (ROS) can be prevented by this process, thus
avoiding ferroptosis*. However, the study by Fan et
al* also demonstrated that the expression of GPX4
is associated with pyroptosis. In the present study,
we found that GPX4 not only positively correlat-
ed with TMB as well as MSI in UCEC, but also
played a role in regulating the number and func-
tion of CTL in TEM, suggesting that GPX4 may
influence the sensitivity of UCEC to immunother-
apy through other unclear mechanisms. This may
provide new hints for immunotherapy of UCEC.
On the other hand, TIRAP, as Toll/Interleukin-1 re-
ceptor domain containing adaptor protein, plays an
important role in the immune response*’. But the
functions it performs in tumor tissue are paradox-
ical. Hao et al* exerted anti-proliferative function
through down-regulating TIRAP activity in NSCLC
cells. Conversely, the findings from the study of An-
tosz et al* indicated that there may exist a defect
of TIRAP proteins in B cell chronic lymphocytic
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leukemia (B-CLL) lymphocytes. In our study, we
identified potential functions of TIRAP in the im-
munotherapy of UCEC, but its specific mechanism
still needs to be further investigated.

Conclusions

Altogether, our findings may contribute to
clarifying the relationship between pyroptosis and
immunotherapy in EC, while further research is
needed to explore the underlying molecular mech-
anisms of pyroptosis-related pathways. External
validation is also required to clarify the clinical
applicability of our model.
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