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Abstract. - OBJECTIVE: Esophageal cancer
(EC) is a highly malignant digestive system tu-
mor that often lacks evident early symptoms and
has a poor prognosis. Pyroptosis, a form of pro-
grammed cell death, has been shown to be as-
sociated with the occurrence and progression of
many malignhancies. However, its role in esopha-
geal cancer remains unclear. This work aimed to
evaluate the prognostic value of pyroptosis-re-
lated genes (PRGs) in EC using data from The
Cancer Genome Atlas (TCGA) cohort.

MATERIALS AND METHODS: The RNA-seq
data from 171 esophageal samples in the TCGA
database were employed. Differential expres-
sion genes (DEGs) between tumor and non-tu-
mor samples were compared. Protein-protein
interaction (PPI) networks were constructed us-
ing the STRING database, and Kyoto Encyclope-
dia of Genes and Genomes (KEGG) pathway en-
richment and Gene Ontology (GO) analyses were
performed using the “clusterProfiler” package in
R. Furthermore, based on the DEGs, all esopha-
geal cancer cases were classified into three sub-
types. A risk model for gene features was estab-
lished using the LASSO regression method, and
EC patients in the TCGA cohort were divided in-
to high-risk and low-risk groups.

RESULTS: A total of 614 PRGs were identi-
fied. Among them, 32 DEGs (31 upregulated
and 1 downregulated) were found between nor-
mal esophageal tissue and EC tissue. PPI analy-
sis identified key genes including IL-1B, CASP1,
AlM2, HMGB1, GSDMD, PYCARD, IL-18, BAK1,
and TP53. On the other hand, the low-risk group
exhibited a significantly higher survival rate than
the high-risk group (p < 0.001). Combined with
the clinical characteristics of the TCGA cohort,
it was found that the risk score was an indepen-

dent prognostic factor for overall survival (OS)
prediction in EC patients. KEGG and GO analy-
ses revealed the enrichment of genes associat-
ed with cell proliferation in the high-risk group.
CONCLUSIONS: PRGs play a crucial role in
the occurrence and development of EC and can
be used to predict the prognosis of EC patients.

Key Words:
Esophagus cancer, Pyroptosis-related genes, Prog-
nostic model, Prognostic value.

Introduction

Esophageal cancer (EC) is a worldwide ma-
lignant disease and is among the most frequent
malignancies of the digestive tract. Based on re-
cent data, in 2018, there were over 570,000 new
cases of EC and over 500,000 deaths caused by
EC worldwide, ranking 7" and 6", respective-
ly, which have been affecting human health'~.
Among many countries, China has a high inci-
dence of EC, in which esophageal squamous cell
carcinoma (ESCC) is predominant, accounting
for about 70% of the global incidence®. With the
improvement of medical diagnosis and treatment,
more and more patients with esophageal cancer
can benefit from early diagnosis and treatment.
When it comes to treating EC, surgical excision is
still the primary method, often combined with ra-
diotherapy and chemotherapy, for optimal results.
In recent years, radiotherapy and chemotherapy
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have been a focal point of research in this field*>.
Although much progress has been achieved in
treating EC, its prognosis is still poor, and the
5-year survival rate is below 25%°. At present,
there is no good way of predicting the EC progno-
sis. The mainstream prediction of EC prognosis
is still based on the TNM stage. However, stud-
ies’” have shown that patients receiving similar
treatment regimens during the same TNM phase
frequently have different clinical outcomes. This
is because of the heterogeneity and individual
differences of tumors, and TNM staging do not
entirely reflect the progression of internal biolog-
ic processes together with the pathologic state of
the tumor?®. In addition, the mechanisms by which
the EC occurs, and progresses are very complicat-
ed and involve the regulation of multiple genes.
Migration and invasion of cancer cells are one
of the primary causes of poor prognosis in EC’.
In conclusion, there are still many uncertainties
in EC, and the prognosis is still not optimistic. It
is extremely important to find reliable biological
markers and prognostic models for early diagno-
sis and treatment. The individualized formulation
of clinically targeted therapy programs is of great
significance.

Pyroptosis is a new form of cell death. Cell
death is the terminal stage of cell metabolism and
plays an essential role in biological metabolism
and development together with the progression of
diseases. Cell death is divided into necrosis and
programmed cell death (PCD). Pyroptosis is a
form of PCD. The word “pyroptosis” comes from
the Greek root Pyro, relating to heat or fire, while
ptosis means to fall. Therefore, the combination
of the two words reflects the inflammatory nature
of this mode of cell death'. The concept of pyro-
ptosis was discovered and proposed in Salmonel-
la-infected macrophages in 2001 by Cookson and
Brennan'! to characterize the manner of PCD that
accompanied the inflammatory response. During
pyroptosis, cells undergo nuclear pyknosis, DNA
fragmentation, swelling, and finally rupture, ac-
companied by obvious blebbing and the release
of numerous inflammatory factors, for instance,
interleukin-18 (IL-18) and interleukin-1f (IL-
1B)'12, In the microscopic view, pyroptosis cells
first develop numerous vesicles, which act on the
cell membrane to form holes and eventually lead
to the rupture of cell membranes and inflamma-
tory factor release. In 2006, pyroptosis was de-
scribed"® as the programmed death of cells me-
diated by caspase-1. However, how the activation
of inflammatory caspases causes pyroptosis has

remained unanswered. This question was not an-
swered until the publication of two independent
studies'!® in 2015. The authors all discovered that
Gasdermin D (GSDMD) is a substrate for inflam-
matory caspases. On the one hand, caspase-1,
which is activated, cleaves the precursors of IL-
18 along with IL-1f for the inflammatory factor
release, and it cleaves Gasdermin-D (GSDMD)
protein that eventually causes cells to create pores
in the cell membrane and result in pyroptosis'®.
Gasdermin proteins are crucial in the develop-
ment of pyroptosis. They undergo cleavage and
multimerization, resulting in the cleavage of C-
and N-terminal linkage domains. This activation
leads to the release of the N-terminal region. Such
regions are associated with cell membrane lipids
and phosphatidyl Inositol, etc. and are combined
and localized in the pores of the cell membrane,
where they aggregate on the inside of the cell
membrane to form pores, triggering cell pyro-
ptosis'™'®. Pyroptosis was considered one of the
key mechanisms against infection in the early
days of its discovery, but with the increasing and
in-depth study of pyroptosis, follow-up research-
es'*?* have indicated that it also has a critical role
in tumor progression. Proteins of the Gasdermin
family together with pro-inflammatory cytokines
have been described? to be implicated in tumor-
igenesis, invasion as well as metastasis. Recent
research?? also demonstrated the critical effect
of pyroptosis on the anti-tumor function. Based
on available studies*?*, we know that pyroptosis
acts in tumorigenesis together with anti-tumor
processes, but its function in the clinical value
and prognosis is poorly examined. Hence, we
implemented a systematic study to assay the ex-
pression levels of PRGs in both cancer and normal
esophageal tissues, to analyze the prognostic val-
ue of such genes, and to examine the association
of pyroptosis with the immunological aspects and
tumor microenvironment. This lays the basis for
the therapeutic and prognostic assessment of EC.

Materials and Methods

Pyroptosis-Related Gene Datasets and
Patient Samples

The data in the current study were taken from
the TCGA, a public database of 171 esophageal
RNA-seq data (available at: https:/portal.gdc.can-
cer.gov), and their clinical data were downloaded.
The gene-expression data were normalized by ap-
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plying the scaling approach of the ‘limma’ pack-
age (available at: https:/www.bioconductor.org/
packages/limma/). Through bioinformatics data
mining and previous literature reports, 614 pyro-
ptosis-related genes (PRGs) associated with were
screened” (Supplementary Table I).

Identification of Differentially
Expressed PRGs

PRGs expression in TCGA was assessed to de-
termine DEGs between tumor and non-tumor sam-
ples. When p < 0.05, the DEGs difference between
the two samples was considered to be statistically
significant. DEGs were determined with the “lim-
ma” package of R software. With an interacting
gene search tool (STRING, version 11.0, available
at: https://string-db.org/), the protein-protein inter-
action (PPI) network was examined to detect the
interactions of PRGs in the current work. DEGs are
presented in Supplementary Table I1.

Development and Verification of
Prognostic Models for PRGs

The PRGs were screened by utilizing the uni-
variate regression analysis. p < 0.2 was defined as
the threshold value by which survival-associated
genes were determined for follow-up analysis. Cox
regression analysis was applied to assess the PRGs
prognostic value in the TCGA database. The can-
didate genes most correlated with pyroptosis were
screened utilizing the least absolute shrinkage and
selection operator (LASSO)-Cox regression mod-
el, which was employed for building the prediction
model. LASSO-Cox regression analysis was carried
out with the ‘glmnet’ package of R software. Risk
scores were acquired from standardized EC mRNA
expression data in the TCGA dataset. Risk score =
(X: coefficients, Y: gene expression level). Patients
were categorized as low- and high-risk groups based
on median risk score, and the analysis of OS was
conducted for both groups. Principal component
analysis (PCA) based on PRG characteristics was
implemented by utilizing the “prcomp” function in
“stats” R package (available at: https:/www.r-proj-
ect.org/). ROC curves were plotted with “survival”,
“survminer” as well as “time-ROC” software pack-
ages of R. Lastly, multivariate and univariate Cox
regression analyses were implemented to identify
the model’s independent prognostic value.

Gene Set Enrichment Analyses

The analysis of KEGG and GO were conducted
with “clusterProfiler” package of R (available at:
https://cran.r-project.org/mirrors.html).

6594

Statistical Analysis

Gene expression levels of tumor and non-tu-
mor tissues were investigated through the
Mann-Whitney U test. The comparison of count
data was conducted with ¥ test. LASSO regres-
sion was employed for calculating the coefficients
of prognostic characteristics. The survival rates
between the subgroups were compared through
a log-rank test together with the Kaplan-Meier
method. Correlation analysis was conducted with
the Pearson’s correlation test. Multivariate and
univariate Cox regression models examined the
model’s independent risk factors. Statistical anal-
yses were conducted via IBM SPSS (version 26.0,
IBM Corp., Armonk, NY, USA) and R software
(version 4.1.1) (available at: https:/www.r-proj-
ect.org/). In all tests, a two-sided p < 0.05 was
deemed statistically significant.

Result

Identification of DEGs between Tumor
and Normal Tissues

In TCGA data, the expression levels of 614
PRGs in 160 tumors and 11 normal tissues were
compared, and 32 DEGs (all p <0.01) were detect-
ed. Of these, one gene (ELANE) was down-reg-
ulated, and the other 31 genes (/L-18, PRKACA,
NODI,SCAF11, CHMP6, CASP4, CASP3, CASPS,
CHMP4A4, GPX4, CYCS, LCGl, CHMP4B, NOD2,
IRFI, GSDMD, BAKI, HMGBI, CASP5, TP53,
GSDMC, CASPI, BAX, PYCARD, GZMA, GZMB,
1L-1, TNF, AIM2, TP63, and IL-14 were enriched
in tumor group. The RNA levels of such genes
are displayed as a heat map in Figure 1A (red and
green denote the high and low expression levels,
separately). To further investigate the interactions
of such PRGs, we performed PPI analysis, and the
findings are presented in Figure 1B. The minimal
requirement for PPI analysis was a score of 0.4,
and we identified /L-1, CASPI, AIM2, HMGBI,
GSDMD, PYCARD, IL-18, BAKI, TP53 as pivotal
genes. All of these genes are DEGs between tu-
mor and normal tissues. Figure 1C displays the
correlation network comprising all PRGs (blue:
negative correlation; red: positive correlation).

Tumor Classification based on DEGs

To investigate the association between the ex-
pression of 32 pyroptosis-associated DEGs and
EC subtypes, we conducted a consensus cluster-
ing analysis of all 161 individuals with EC in the


https://www.europeanreview.org/wp/wp-content/uploads/Supplementary-Table-I-56.pdf
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Figure 1. Differential expression of 32 PRGs and their interactions. A, Heat map between tumor tissue (T, red) and normal EC tissue (N, bright blue) (red and green
represent the high and low expression levels, separately). p-value is displayed as: *p < 0.05; **p < 0.01; ***p < 0.001. B, PPI network revealing interaction network
of PRGs (with the interaction score of 0.4). C, Net of interrelationships of PRGs (blue line and red line denote the negative and positive correlation). The depth of the

color indicates the correlation strength).
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Figure 2. Results of tumor classification on the basis of pyroptosis-associated DEGs. A, 161 EC patients were categorized
as three clusters in accordance with the consensus clustering matrix (k = 3). B, Heat map of the clinical data for three clusters
categorized with these DEGs (M: distant metastasis; N: lymph node staging; T: depth of tumor invasion;). C, Kaplan-Meier

survival curves for the three clusters.

TCGA cohort. By raising the clustering variable
(k) in a range of 2-10, we suggested the highest
intra-group association and lower inter-group
association when k = 3, reflecting that the 161
individuals with EC could be well grouped into
three clusters based on the 32 DEGs (Figure 2A).
Through these three categories, we examined the
expression of the above genes and the clinical tu-
mor characteristics of individuals with EC and
found that there was no remarkable difference in
the TNM stage of clinical tumors of esophageal
cancer between these three clusters (Figure 2B).
However, further comparison of the OS of the
three groups presented a remarkable difference in
the OS of patients with EC when k=3 (p = 0.014,
Figure 2C).

Progression of Prognostic Gene Models
in the TCGA Cohort

Through the survival data of the TCGA data-
set, 159 EC samples with full survival informa-
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tion were matched. The survival-associated genes
were screened initially via univariate Cox regres-
sion analysis. Forty-five genes that met the p <0.2
criterion were retained to perform the subsequent
analysis, of these,13 genes (ARHGAPI0, BACH?,
BNC2, FBLN2,KLFI12, PDLIM4, PSTPIP2, SLIT3,
SUSD6, TECPR?2, TSHZ3, YAPI and ZFPM?2)
were protective genes with the HRs of < 1. The re-
sidual 32 genes were linked to elevated risk with
HRs > 1 (Figure 3A). A 13-gene signature was
built based on the optimal A value carrying out
a LASSO Cox regression analysis (Figure 3B-C).
Risk scores were presented as below: risk score
= (0.0004 *4ATP5MK exp.) + (0.0219*%CAS8 exp.) +
(0.0473 *CDH19 exp.) + 0.0055 *CLDNI2 exp.)
+ (0.0009 *CYCS exp.) + (0.0028 *ELFNI-ASI
exp.) +(0.0022 *GDF15 exp.) + (0.0010 *NT5C34
exp.) + (0.0082 *PRDX4 exp.) + (-0.0228 *PST-
PIP2 exp.) + (0.0276 *RPS26P47 exp.) + (0.0409
*RPS29P14 exp.) + (-0.0275 *SLIT3 exp.). The 159
individuals were categorized equally as high- and



Characterization of PRGs in esophageal cancer and construction of a prognostic model

a2 36 28 14 2 41 39 38 38 36 33 32 28 22 16 16 14 13 10 7 2
A , B a7 C
pvalue Hazard ratio ! . o ‘
APOO 0.004 1.043(1.014-1.073) F |
ARHGAP10 0017  0.700(0.522-0.937) [ s
ATPSMK 0.009 1.009(1.002-1.017) ] &
BACH2 0038  0620(0.394-0973) —n— 2 LI
BNC2 0041  0639(0.416-0982) —r— 2 E
CcA8 0003  1063(1.021-1.107) a E =
CDH19 0.029 1.097(1.009-1.193) [} % "
CHMP2A 0025  1.022(1.003-1.042) g o o
CLDN12 0.011 1.019(1.004-1.034)
CLDN3 0.007 1.003(1.001-1.005)
CLDN7 0.039 1.008(1.000-1.015) 2
Cox17 0015  1.048(1.009-1.089) =
COX17P1 0.019 1.106(1.016-1.204) T T _'4 ,'3 7'2 B
CYCS <0.001 1.010(1.004-1.016) ] -° s 6
CYCSP45 0047  1.713(1.007-2.912) e —— Log Lambda Log(»)
DUSP8 0.018 1.067(1.011-1.126) [ ] ~ :
ELF-AST  00%  1.125(1.008-1256) HH D — - E - Foefia v =
ELFN1-AS1  0.012 1.048(1.010-1.088) [ ] © High risk ¢ :
EPCAM 0007  1.002(1.001-1.004) [ o LowRisk ! 0 49 Alive i
FBLN2 0033  0.978(0.958-0.998) " 4 .
FN3K 0028  1064(1.007-1.125) . . 7
GDF15 0.002 1.007(1.003-1.012) B . g
KLF12 0.042 0.792(0.632-0.991) 2 et e, ris i;
KRT18 0.043 1.002(1.000-1.003) o . g 2
MARCHF3 0041  1.151(1.005-1.318) g 1. e, o hn £
MTCO2P12  0.007 1.006(1.002-1.010) ] " o . . o ow 8
NQO1 0.043 1.004(1.000-1.009) [] E ::'- ;
NTSC3A 0007  1.034(1.009-1.059) ] : Ve, 3
PCBD1 0018 1.013(1.002-1.024) | ] 98 E Y
PDLIM4 0.032 0.971(0.945-0.997) "] . H -2 .
PRDX4 <0.001 1.020(1.010-1.031) . H . .
PSTPIP2 0027  0.901(0.821-0.988) .r K H .
RNABSP227 0014 1571(1.094-2255) —— ‘ ‘ ! ! T 3 b %
RNASET2 0036  1.063(1.004-1.125) 0 0 10 = -
RNFT2 0.042 1.154(1.005-1.326)
RPS26P47 0006  1.057(1.016-1100) i B g ek B Low rsk
RPS29P14 0016 1.271(1.045-1545) —— G H
SLC27A2 0.043 1.066(1.002-1.134) m 1.00 o |
SLIT3 0024  0.882(0.791-0.983) (] . -
SUSD6 0.041 0.959(0.921-0.998) [ ] £ 075
TBCID30 0030  1253(1.022-1537) - g o
TECPR2 0.034 0.787(0.630-0.983) [ | =2 0.50
TSHZ3 0048  0863(0.745-0.999) IS o o |
YAP1 0010 0959(0.930-0.990) £ oz £ s
ZFPM2 0.038 0.612(0.385-0.974) p<0.001 % .
1 0.00 @ o 7
[ I I T T 1 3 T 3 5 [
00 05 10 15 20 25 Time(years) S - —— AUC at 1 years: 0.756
Hazard ratio 5 High risk] 79 43 17 8 4 1 o o —— AuUcat3years: 0.705
& Low r.skj 80 62 20 7 4 2 ° 2 Lk AUC at 5 years: 0.696
[ E 2 3 a 5 6 T T T T T T
Time(years) 0.0 0.2 0.4 0.6 0.8 1.0

Figure 3. Risk profiles and model establishment for the TCGA cohort. A, Univariate Cox regression analysis was implemented on OS of PRGs and 45 genes with p
<0.2. B, LASSO regression of 45 genes linked to OS. C, Cross-validation to align regressions for parameter choice in the LASSO. D, Distribution of EC patients on
the basis of risk score. E, PCA plots of patients with EC based on risk scores. F, Vital status for each patient (Low-risk groups: blue to the left of the dotted line; high-
risk groups: red to the right of the dotted line). G, Kaplan-Meier curves of OS in both groups. H, ROC curves for predictive efficiency of survival based on risk score.
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low-risk subgroups based on the median derived
from the risk score formula (Figure 3D). PCA re-
vealed that patients with varying risks were well
grouped into two clusters (Figure 3E). In compar-
ison to patients in the low-risk group, the high-
risk group presented shorter survival time and
more deaths (Figure 3F, on the right side of the
dotted line). A pronounced difference in OS time
was observed between both groups (p < 0.001,
Figure 3G). Employing time-dependent ROC
analysis to assess the specificity and sensitivity of
the prognostic model, we revealed that the AUC
was 0.756, 0.705, and 0.696 for 1-, 2-, and 3-year
survival (Figure 3H).

Independent Prognostic Value of
Risk Model

We utilized multivariate and univariate Cox
regression analyses to examine whether the risk
score obtained from the genetic trait model could
be taken as an independent prognostic factor.
Univariate Cox regression analyses revealed that
M stage, N stage, and risk score were independent
predictors of poor survival in the TCGA cohort (p
<0.001, HR = 6.931, 95% CI: 3.584-13.406; HR =
1.825, 95% CI: 1.300-2.560 and HR = 4.879, 95%
CI: 2.224-10.706, Figure 4A). Multivariate analy-
sis after adjustment for other confounding factors
also indicated that risk score is still a prognostic
factor (HR = 4.643, 95% CI: 2.341-9.207, Figure
4B) for EC individuals in the TCGA cohort. Be-
sides, we produced a heat map of clinical char-
acteristics for the TCGA cohort (Figure 4C) and
showed that there were significant differences in
distant metastasis (M stage) scores between the
two subgroups (p < 0.05).

Functional Analysis on the
Basis of Risk Model

With the aim of assessing the differences in
pathways and gene function between subgroups
classified according to the risk model, we derived
DEGs using the “limma” R package applying the
criteria of [log, FC | > 1 together with FDR < 0.05.
412 DEGs were determined in the TCGA cohort
for both risk groups. Of these, 153 genes were up,
while 259 were down (the data are presented in
Supplementary Table I). KEGG pathway analysis
and GO enrichment analysis were subsequently
implemented based on such DEGs. The findings
showed that DEGs were primarily linked to the
proliferation of epithelial cells, cell-cell signaling
by Wnt signaling pathways, and focal adhesion
(Figure 5A-B).
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Discussion

Esophageal cancer is a tumor of the diges-
tive system that is highly malignant, with a
poor prognosis and high mortality rate and is
the sixth major cause of cancer death around the
world?. Although there have been significant
advancements in the treatment and diagnosis of
EC, many patients can still enhance their quality
of life through surgical procedures or chemora-
diotherapy. Several factors can affect the thera-
py and prognosis of EC patients, and the current
evaluation methods are not yet perfect, which
can hinder the proper care of patients. Pyropto-
sis is a form of PCD, which is a new hotspot
in cancer research in recent years. At the same
time, the effect of pyroptosis in cancer is be-
coming clearer, which provides another pos-
sibility for treating the patients. In the current
work, we built a PRG signature consisting of 13
genes from gene expression data and clinical
data of individuals with EC in TCGA database.
With this model, patients with EC could be cat-
egorized into a low- and high-risk group, with
marked differences in OS between both groups
(Figure 3D). This suggested that the model has
excellent prognostic assessment.

Pyroptosis is a new form of PCD that has
been discovered?’ in the last few years to play
a dual role in the mechanisms of tumor regu-
lation. Moreover, releasing inflammatory fac-
tors after pyroptosis transforms normal cells
into tumor cells. Pyroptosis can also facilitate
the death of tumor cells, which may be a new
therapeutic direction®®. With more and more
studies?*** on pyroptosis in the last few years,
the number of PRGs has also increased year by
year. In this study, a total of 614 PRGs, includ-
ing atypical pyroptosis pathways, were identi-
fied. 32 of these genes were differentially ex-
pressed markedly in EC samples compared to
normal samples. 13 genes were closely linked to
survival outcomes. These findings indicate that
PRGs are involved in modulating the progress
and prognosis of EC. Among these 13 genes,
each plays a different role and has some tumor
specificity. For instance, CLDNI2, a member of
our gene signature, is involved in cell junction,
maintaining cell polarity and permeability. Ab-
normal expression of CLDNI2 affects cell-cell
junction, which is one of the important causes
of peripheral invasion and distant metastasis of
tumor cells. It can facilitate the proliferation,
metastasis, and epithelial-mesenchymal transi-
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tion (EMT) of osteosarcoma through phospha-
tidylinositol 3-kinase (PI3K)/protein kinase B
(Akt) signaling pathway’'. In the present study,
functional analysis of CLDNI2 was similarly
enriched in the PI3K/Akt (Figure 5B). However,
contrary to osteosarcoma, CLDNI2 was found
to be down-regulated in esophageal cancer tu-
mor tissue samples (Supplementary Table I)
and affected the prognosis of esophageal cancer
patients (Figure 3A). It is confirmed that pyro-
ptosis performs different functions in different
tumors and regulates tumorigenesis and pro-
gression.

In the present study, LASSO regression was
applied for constructing a gene signature with
13 RPGs, so that patients with EC could be well
classified as two groups by risk scores, with
significant differences in prognosis between
groups (Figure 3D-E). Although the existing
tumor staging and tumor markers can predict
the EC prognosis to some extent, patients at the
same stage frequently have varying clinical out-
comes, indicating that the existing evaluation
methods are still flawed’. The pyroptosis gene
signature constructed can well group esopha-
geal cancer patients. The prognosis for surviv-
al was markedly better in the low-risk group
vs. the high-risk group, and the findings of the
multivariate analysis demonstrated that the risk
score was an independent risk factor for the
prognosis (Figure 4B). This indicates that the
pyroptosis gene signature can be used in the
same stage of esophageal cancer patients to fur-
ther stratify patients and evaluate the prognosis
more precisely, which has wide applicability. In
further functional analysis, we found that DEGs
between both risk groups by risk score were
primarily associated with the proliferation of
cell and intercellular junction and such DEGs
were notably enriched in the PI3K/Akt signal-
ing pathway related to proliferation (Figure 5
B). Wang et al** demonstrated that forkhead box
protein Ol (FOXOL1) tumors can promote tumor
proliferation through the focal adhesion kinase
(FAK)-PI3K-Akt pathway, and PI3K inhibitors
can effectively prevent tumor initiation and pro-
gression. Liu et al** showed that lysophosphatid-
ic acid (LPA) could promote the migration and
proliferation of ESCC cells through the PI3K/
Akt pathway. This study further confirmed
that the risk score can predict tumor cell pro-
liferation effectively and evaluate the develop-
ment direction of esophageal cancer. High-risk
patients with esophageal cancer predict more

active tumor cell proliferation, which was also
confirmed by in vitro study*.

Pyroptosis has become a hot research topic
in recent years. Several studies®** have used
bioinformatics methods to elucidate the role
of PRGs in various cancers, for instance, lung
adenocarcinoma®, ovarian cancer®®, glioblasto-
ma?’’, and gastric cancer®®. Compared to these
studies*8, our study has some advantages that
cannot be ignored. Firstly, since the pyropto-
sis-related genes have been rarely studied in
esophageal cancer, we have created a complete
pyroptosis-associated genome (n = 614), which
considerably enhanced the completeness of the
former pyroptosis-associated genome (n = 45)
by including the currently known participants
in the pyroptosis bypass pathway. At the same
time, we initially analyzed the prognostic val-
ue of differential PRGs, which offered support
and theory for future studies. It is worth noting
that the differentially expressed genes screened
by our pyroptosis-related model are mainly re-
lated to proliferation and intercellular junction,
which is different from previous reports*-*¢ that
regulate pyroptosis and influence tumorigenesis
and progression. This may be related to the own
function of the gene in the model. CDHI19, as a
cadherin, is involved in intercellular contact and
adhesion, and in cancer, loss of intercellular ad-
hesion will lead to malignant migratory proper-
ties of tumor cells. Therefore, the two common
pathways regulating pyroptosis in this study
may not apply to esophageal cancer, and the
promotion of tumor cell metastasis by affecting
cell-cell junctions may be the main regulatory
pathway in esophageal cancer.

Limitations

However, this study also has some limitations.
TCGA data is limited, and it is unclear whether
this result will be changed in a larger data set.
Moreover, the risk characteristics of esophageal
cancer pyroptosis genes lack external clinical
cohort validation and animal experimental data.
In the future, we will address the following re-
search and problems: first, what factors contrib-
ute to the pro- or anti-tumor properties of pyro-
ptotic genes? In addition, whether the selected
regulators also play a corresponding role in the
classical pyroptosis pathway of EC deserves fur-
ther research.

Overall, our study indicated that pyrexia is
strongly associated with EC and that there is a
substantial number of differentially expressed
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PRGs in normal tissue and EC tissue. We utilized
these data to present a risk model containing 13
PRGs that can be employed to explore the prog-
nosis of EC, with the risk score being an inde-
pendent risk factor for EC prognosis. This study
gives a basis for future studies on the role of py-
roptosis in EC, and the risk score can be used to
guide postoperative chemotherapy on the basis of
the original staging.

Conclusions

To evaluate the prognostic value of PRGs in EC,
this work utilized RNA-seq data from the esophagus
in the TCGA database. DEGs between tumor and
non-tumor samples were compared. A risk model
for gene features was established using the LASSO
regression method, and patients were classified into
different risk groups based on the model results.
Differences in survival rates and clinical character-
istics among the groups were explored. The results
showed that the risk score was an independent prog-
nostic factor for predicting OS in EC patients. PRGs
were enriched in the high-risk group. This suggested
that PRGs play a crucial role in the occurrence and
development of EC and can be used to predict the
prognosis of EC patients. It was important to note
that this work utilized data from the TCGA database
and was limited to the information and sample size
provided by the database. There may be biological
limitations and missing information associated with
this method. Therefore, further validation of these
results is necessary in real clinical practice. Overall,
the findings of this work provided some reference
value for the prognosis of EC patients.
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