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Background: Recently, the role of pyroptosis in cancer has attracted people’s
attention, but its function in colon cancer remains unclear. This study aimed to
construct a pyroptosis-related model that can effectively predict the prognosis
of patients with colon cancer and explore the potential functions of pyroptosis-
related genes.

Methods: We identified 40 differentially expressed PRGs between colon cancer
and normal colon tissues. The model was established using the least absolute
shrinkage and selection operator (LASSO) Cox regression method, and the
patients were divided into high- and low-risk groups. Finally, we verified its
biological function in vitro based on three PRGs and demonstrated discrepant
expression of PRGs within colon cancer and non-tumor tissues at the protein
level with immunohistochemistry.

Results: A pyroptosis-related prognosis model was constructed, which divided
446 patients with colon cancer into high- and low-risk groups. Kaplan—Meier
analysis results showed that the survival of patients with colon cancer in the
high-risk group was worse than that in the low-risk group. Finally, we also
confirmed that this score is an independent prognostic factor for colon cancer
progression.

Conclusion: In summary, the model established by three PRGs was a reliable
indicator for predicting prognosis, suggesting that pyroptosis might be a
noteworthy therapeutic target in CC.
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Introduction

Colon cancer (CC) is a malignant tumor that causes cancer-
related death (Siegel et al., 2020). More than 1.5 million colorectal
cancer cases have been recorded in America, and
104,610 patients were recorded in 2020 (Miller et al., 2019).
The main reasons for this situation can be attributed to delayed
diagnosis and insufficient treatment (Sanoff et al, 2008).
Considering that patients with CC are in the advanced stage
at the time of diagnosis, the overall survival time after the
treatment of patients with CC remains very unsatisfactory.
Accordingly, effective targets should be determined to
improve the clinical effect of CC.

Pyroptosis, which is described as caspase-1, induces the death
of monocytes infected by viruses or bacteria (Doitsh et al., 2014).
The activation of inflammatory body caspase-8 is inhibited by
GSDMD-dependent pyroptosis (Shi et al., 2017). Pyroptosis is
also associated with digestive cancer (Gao et al., 2018; Tan et al.,
2020). The expression of GSDMD is decreased in cancer cells
compared to adjacent non-cancerous cells, and this promotes the
proliferation of cancer cells (Fang et al, 2020). Pyroptosis is
related to IL-1p and various inflammatory stimuli (Zhang et al.,
2018). In addition, PD1/PDL-1 inhibitors have the same
antitumor effect as pyroptosis inducer (Tang et al, 2020).
Based on the existing findings, bioinformatics analysis was
used to study pyroptosis-related genes and their prognostic
significance in colon cancer.

In this study, we conducted a comprehensive analysis on the
data of patients with colon cancer from TCGA and GEO. Then,
we identified a novel pyroptosis-related survival model consisting
of three genes (SLC2A3, TMPRSSI11E, and UPK3B) in CC.
Finally, we verified the biological functions of three PRGs
in vitro and proved the differential expression of PRG in
colon cancer and non-tumor tissues at the protein level by
immunohistochemistry. In conclusion, the model combined
with the clinical information may become a potential target
for the treatment of CC and become an accurate prognostic

monitoring instrument.

Materials and methods
Datasets

The gene expression level, clinical information, and copy
number variation data of 446 normal human colon samples and
CC samples were downloaded from The Cancer Genome Atlas
(TCGA) on 30 September 2021. These 446 CC samples included
234 males and 212 females. The mean age was 67.1 (range,
17.0-82.0) years. T1 stage, T2 stage, T3 stage, and T4 stage are 11,
76, 303, and 56 cases, respectively. A total of 265 NO stage cases,
102 N1 stage cases, and 79 N2 stage cases were present. MO stage
and M1 stage contained 385 and 61 cases, respectively. The data
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(GSE103479) in the validation set were downloaded from the
GEO database.

Differential expressions of pyroptosis-
related genes

According to previously published articles, we screened out
52 pyroptosis-related genes (PRGs) (Doitsh et al., 2014; Man and
Kanneganti, 2015; Shi et al., 2017; Wang and Yin, 2017). First, we
converted the data in TCGA into fragment per kilobase million
(FPKM). We identified 40 DEGs by using the “limma” package,
and the identification standard was p < 0.05. Then, a
protein-protein interaction (PPI) model was developed by the
Search Tool for the Retrieval of Interacting Genes.

Construction of the PRG prognostic
model and correlation analysis

We narrowed the gene range and established the prognosis
model by the LASSO Cox regression model, which showed three
genes were retained, and the A value was determined by the
algorithm. The model score was standardized and calculated after
centralizing and standardizing the data of TCGA. The model
score formula was as follows: RiskScore = Y XiYi (X:
coefficients and Y: gene expression level). The receiver
operating characteristic (ROC) curve is drawn by the R
package, including “time ROC,” “survival,” and “survminer.”
The GSE103479 was used for further study. We organized the
correlation features of CC patients in TCGA and GEO cohorts
and analyzed the clinical information by Cox regression models.
We separated TCGA cohort into two subgroups (|log2FC| > 1,
FDR <0.05). Related function analysis of differential genes
between was  shown by the

subgroups utilizing

“clusterProfiler” package.

Cell line

The colon cancer cell line RKO was acquired from the
American Type Culture Collection. RKO was passaged for
not > 6months, which was cultured in high glucose
Dulbecco’s modified Eagle’s medium supplemented at 37°C in
5% CO2 with 10% FBS.

siRNA knockdown and transfection

First, the cells were plated into six-well plates. Then, cell
transfection was performed according to the instructions of
LipofectamineTM 3000 (Invitrogen, New York, United States).
After hatching for 6 h, the complete medium was included to the
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cells. The required small interfering RNA (siRNA) sequences in
this study were ordered from RiboBio (Guangzhou, China).

Cell viability assay

The cells were plated in a 96-well culture plate, and
1,000 cells were included to each well. Ten microliters of cell
counting kit-8 reagent was included to each well for 3 h. After
3 h, the optical thickness of the arrangement at 450 nm was
measured.

Colony arrangement assay

Colony arrangement was utilized to distinguish the
expansion capacity of cells. A total of 1,000 cells were plated
into a 6-well plate and hatched them at a 37°C cell incubator with
5% CO2. After 2 weeks, 4% paraformaldehyde and crystal violet
were used for fixation and dyeing. Photographs were taken by

using a camera.

Scratch assay

The cells Until
approximately 90% of the cells were reached, a vertical
the middle of the
Photographs were captured at 0 and 48 h.

were plated into a 6-well plate.

wound was scratched in wells.

RNA extraction and SYBR Green PCR
Master Mix PCR analyses

TRIzol (#15596018, Thermo Fisher) was utilized for RNA
extraction. The c¢cDNAs were reverse transcribed from the
aforementioned RNAs using PrimeScriptTM RT Master Mix
(RRO36A; Takara). Then, q-PCR was performed with 2 x Taq
PCR MasterMix (KT201; TTANGEN). GAPDH was used as an
endogenous control for mRNA. The 2-AACt method was used to
calculate the relative quantitative value. Primer sequences for
GAPDH were as follows: forward, 5'- TGA CAT CAA GAA
GGT GGT GAA GCA G -3/; reverse, 5'- GTG TCG CTG TTG
AAG TCA GAG GAG -3'. Primer sequences for SLC2A3 were as
follows: forward, 5'- CTA CCG ACA GCC CAT CAT CAT
TTCC -3'; reverse, 5'- ACA CCT GCA TCC TTG AAG ATT
CCT G -3'. Primer sequences for TMPRSS11E were as follows:
forward, 5'- AGG TCA GAG TCT CAG GAT CGT TGG -3/;
reverse, 5'- AGG TCA GAG TCT CAG GAT CGT TGG -3'.
Primer sequences for UPK3B were as follows: forward, 5'- GCC
CTA CAC ACC ACA GAT AAC AGC -3'; reverse, 5'- GGC
AAG CCC ATC GAA GAC ACA G -3".
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Immunohistochemistry demonstrates the
expression of PRGs at the protein level

We demonstrated the difference in their protein level
expression of SLC2A3, TMPRSSIIE, and UPK3B in colon
cancer and normal intestinal tissues. Immunohistochemical
information was obtained from the Human Protein Atlas
(http://www.proteinatlas.org/humanproteome/pathology).

Statistical analysis

The amount of sample expressions was compared by one-
way investigation of change. The Kaplan-Meier strategy was
utilized to analyze the overall survival time. Statistical
examinations were demonstrated by using R software (v4.1.1).

Results

Identification of differentially expressed
genes

By comparing the expression of 52 PRGs in 41 normal and
473 tumor tissues in TCGA, 40 DEGs were identified. In these
DEGs, 22 genes (ELANE, CASP5, NLRP7, GZMA, IL18, BAKI,
CHMP6, CYCS, PRKACA, CHMP2B, IRF2, CHMP2A, CHMP3,
GSDMB, CASP9, NLRC4, CASP3, NLRP3, CHMP7, TIRAP,
NLRP1, and NLRP2) were downregulated, whereas 18 genes
(CASP8, TP63, BAX, NODI1, GPX4, CASP4, HMGBI, TP53,
PJVK, CHMP4C, IL6, PLCG1, NOD2, IL1B, GZMB, GSDMA,
GSDMC, and IL1A) were upregulated (Figure 1A and
Supplementary Figure S1A). To investigate the interactions of
these PRG, we set the minimum interaction score for
protein—protein interaction (PPI) analysis to 0.5 (Figure 1B).
The relationship arrangement containing all PRGs is presented in
Figure 1C.

Landscape of the genetic variation of PRGs

After investigating the alteration frequency of CNV, we
found that all PRGs showed CNV changes. Most of the genes
were widespread by the copy number, including CHMP2A,
CASP1, CASP4, CASP5, CASP8, CASP9, NLRP6, TIRAP,
CHMP2B, GZMA, PJVK, NLRP1, BAX, ELANE, GPX4, IL18,
CASP3, CHMP7, IRF2, TP53, CASP6, and GPX4 (Figure 2A). At
that point, we summarized the rate of CNV and somatic
mutations of 52 genes in CC. As shown in Figure 2B, 297 of
399 (74.44%) CC samples demonstrated genetic mutations. The
mutation frequencies from high to low were TP53, NLRP7, and
SCAF11. Figure 2C shows the area of CNV changes of PRGs.
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FIGURE 1

Expressions of the 40 differentially expressed genes in all 52 pyroptosis-related genes and the interactions among them. (A) Heatmap of the
pyroptosis-related genes between the normal and tumor tissues. p values were shown as **p < 0.01; ***p < 0.001. (B) PPl network showing the

interactions of the pyroptosis-related genes (interaction score = 0.9). (C) Correlation network of the pyroptosis-related genes (red line: positive
correlation and blue line: negative correlation).
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column represented the alteration frequency. (B) Waterfall plots of mutation information in CC. (C) Location of CNV alteration of PRGs on

23 chromosomes in the CC cohort.

Related function analysis of PRGs

Through GO analysis, we demonstrated that 52 PRGs were
involved in interleukin-1 beta production, pyroptosis,
endopeptidase activity (Supplementary Figure SIB). Through KEGG
analysis, we demonstrated that 52 PRGs were included in various signal

and

pathways, such as pyroptosis (Supplementary Figure S1C).

Tumor classification based on the DEGs
A total of 446 CC samples, which were matched with

corresponding complete clinical information, were included in
our research. To investigate the CC subtypes among the
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40 DEGs, we performed a consensus cluster with 446 CC
patients. By expending the clustering value (k) from 2 to 9,
the relationship was higher within the group and lower between
groups when NK = 2, indicating that 446 sets were separated into
two sets (Figure 3A). A noteworthy distinction was observed in
the overall survival (OS) time (p = 0.042, Figure 3B). The amount
of PRGs and the related clinical information included the survival
status, age, gender, stage, T stage, N stage, and M stage

(Figure 3C). Hence, we connected GSVA enrichment
examination to investigate the biological behavior between
different  gene  clusters.  Noteworthy = PRG  cluster

C2 enrichment in pathways related to immune cell activation
was observed in various pathways, such as the T cell receptor
signaling pathway (Figure 4).
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FIGURE 3

Tumor classification based on the pyroptosis-related DEGs. (A) 446 CC patients were grouped into two clusters according to the consensus
clustering matrix (k = 2). (B) Kaplan-Meier OS curves for the two clusters.(C) Heatmap and the clinicopathologic characters of the two clusters
classified by these DEGs

Construction of a prognostic model in 54 qualities that met the criteria of p < 0.05 were held for
TCGA advanced investigation and were associated with HRs >1
(Figure 5A). Through LASSO Cox relapse analysis, three

Univariate Cox relapse examination was carried out for genes were built agreeing to the optimum A esteem (Figures
the essential screening of the survival-related sets. A total of 5B,C). The score was calculated using the formula: Risk
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score = (0.0629) x SLC2A3 + (0.1449) x TMPRSSI1E +
(-0.3557) x UPK3B. We divided 446 patients into low- and
high-risk sets concurring to the middle of the scoring formula
(Figure 5D). High-risk sets had a shorter survival time than
low-risk sets (Figure 5E). A noteworthy distinction was
observed in the OS time between the two sets (p < 0.001,
Figure 5F).
affectability and specificity of the model, we demonstrated
that the 1-, 3-, and 5-year survival rates under the ROC curve
were 0.659, 0.630, and 0.627, respectively (Figure 5G).

By using ROC investigation to assess the

External validation of the risk model

A total of 33 patients in GSE103479 were used as a

validation  set.  Before analysis, we standardized
quality expression information by “scale” work. According
to the median risk of TCGA, 29 sets within the GEO were
grouped into the low-risk set, whereas the four other sets were
grouped into the high-risk set (Figure 5H). Figure 5I
demonstrates that the high-risk patients with CC had poor

prognosis. In expansion, Kaplan-Meier examination analysis
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also demonstrated noteworthy differences between the
two sets (p < 0.001, The ROC curve
demonstrated that the GEO cohort, as a validation cohort,
has a high expectation effect (AUC 0.903, 0.729,
and 0.627 for 1, 3, and 5-years survival, respectively)
(Figure 5K).

Figure 5J).

Gene mutations

We investigated the gene mutation profiles of 446 CC
patients in TCGA. These two groups consisted of 189
(42.4%) and 198 (44.4%) samples, individually, while 59
(13.2%) of
mutation information. Waterfall plots were used to assess

sets were removed because of the lack

the genes of the patients within the two sets (Figures
6A,B). The top two mutated genes were APC and TP53.
Most of the mutations in the two groups were missense
C-to-T the
majority single-nucleotide variation. interaction

account  for
The
between mutant genes is demonstrated (Supplementary

Figures S2A-D).

mutations. transversions
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Prognostic correlation analysis of the risk

model

To evaluate whether the score of this model can be used as a

free prognostic figure, we used univariate and multivariate Cox
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relapse investigation to assess the hazard of quality signature
demonstrate. After univariate cox relapse examination, we found
that the hazard score was an independent risk factor for
predicting poor survival (HR = 5.471, 95% CI: 3.139-9.536,
Figure 6C). Multivariate cox relapse investigation results show
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Landscape of mutation profiles between high- and low-risk CC patients and evaluation of the prognostic role of the PRG signature. (A,B)
Waterfall plots of mutation information in each sample. (C) Univariate Cox forest map of the risk model score and clinical features in the TCGA cohort.
(D) Multivariate Cox forest plot of the risk model score and clinical characteristics in the TCGA cohort. (E) Establishment of a nomogram for 1-, 3-, and

5-year OS prediction in CC.

that the score was an independent risk factor for predicting poor
survival (HR = 4.715, 95% CI: 2.515-8.841, Figure 6D). The
clinical and pyroptosis-related prognostic
characteristics were included in the hybrid nomogram,
indicating that it can be used for the treatment of patients
with CC (Figure 6E). We further analyzed the clinical
characteristic heatmap of TCGA cohort and found differences
in the distribution of the stage, T stage, and N stage between

characteristics
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subgroups (p < 0.05, Figure 7A). Then, we investigated the scores
and mRNA expression levels of the three genes, according to
clinical parameters (Figure 7B). Kaplan-Meier analysis presented
that patients with CC having high SLC2A3, UPK3B, and
TMPRSS11E mRNA expressions had poor survival. To test
the utility of the prognostic signature, we also analyzed the
T N and M
(Supplementary Figure S3).

age, gender, stage, stage, stage, stage
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FIGURE 7

Evaluation of the prognostic model with clinical characteristics in colon cancer. (A) Heatmap for the connections between clinical
characteristics and the risk groups (*p < 0.05, **p < 0.01). (B) Distributions of the risk score in CC patients with different clinical characteristics. (C)
Kaplan—Meier survival curves according to the mRNA expression of SLC2A3, TMPRSS11E, and UPK3B in CC tissues.

SLC2A3, TMPRSS11E, and UPK3B enhance
the proliferation and migration of colon
cells

To investigate the biological function of SLC2A3,
TMPRSS11E, and UPK3B in colon cells, we used siRNA to
transfect RKO cells and downregulate SLC2A3, TMPRSSIIE,
and UPK3B. The siRNA NC was also transfected into RKO cells
(Figure 8A). The cell increases the curve of the CCK-8 measures
appeared that the downregulation of SLC2A3, TMPRSSI1E, and
UPK3B hindered cell expansion (Figure 8B). Essentially, less
colonies were shaped within the downregulated SLC2A3,
TMPRSSI1E, and UPK3B groups than within the control set
(Figure 8C). Consequently, cell viability was weak within the
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downregulated SLC2A3, TMPRSS11E, and UPK3B in RKO cells.
Wound healing measures were investigated to examine the effect
of SLC2A3, TMPRSS11E, and UPK3B on the migration capacity
of RKO cells (Figure 8D). The results showed that the
downregulation of SLC2A3, TMPRSS11E, and UPK3B could
reduce the cell proliferation and migration of RKO cells.

Immunohistochemistry demonstrates the
protein level of PRGs

Immunohistochemical methods were used to compare the

expression of PRGs (SLC2A3, TMPRSS11E, and UPK3b) in
colon cancer and their expression in normal gastric tissues

frontiersin.org


https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.922055

Wu et al.

>

RKO RKO

~
S
@
=
P
o

b

o

o

0

o
@
°

5

°
o

Relative mRNA level of SLC2A3
o
o

Relative mRNA level of TMPRSST1E
Relative mRNA level of UPK38

SiNC

Number of colony formation

SISLC2A3#1

Precentage of Wound Width

SITMPY

SiITMPRSS11E#1

RSS1E#

10.3389/fgene.2022.922055

RKO

~e- siNC

RKO

~8- siNC

-m SiTMPRSST1E#1

RKO
- siNC

»
°

-
2.5 -8~ SISLC2A3#1 SIUPK3B#3

o

2.0,

o

P
°

o

S
@
°

Optical density at 450nm
°
Optical density at 450nm

T T T T T T T T
g T 7 2 8 72 0 24

4
Time(h)

48
Time(h)

SINC

H

g

g

Numberof cglony formation

Number of colony formation
H

°

Precentage of Wound Width
5 £ 3 8 B
2 S 5

Precentage of Wound Width
S S

°

£ &
5 ;q‘;

FIGURE 8

4
§

&

5 5
&£
5

SLC2A3, TMPRSS11E, and UPK3B activities are required for tumor cell proliferation and migration. RKO cells were treated with either a control
siRNA or a siRNA targeting SLC2A3, TMPRSS11E, and UPK3B. Transduced cells were used for the analysis of mRNA expression by RT-q-PCR and cell
function. (A) mRNA levels in these established cell lines were verified by RT-g-PCR assay. (B) CCK-8. (C) Colony formation assay. (D) Cell-based

scratch assay.

(Figure 9). Inevitably, the protein expression levels of these two
high-risk genes (SLC2A3 and UPK3b) were significantly
increased in tumor samples, with more obvious antibody
staining and higher percentage of stained tissues.

Discussion

The clinical stages of colon cancer are Tis (Tumor in situ), I
stage, II stage, III stage, and IV stage. When the disease develops
to IV stage, the 5-year survival rate is less than 30%. Surgery
combined with chemoradiotherapy is effective for the treatment
of early colon cancer (Tariq et al., 2016). However, some patients
usually miss the best time for treatment because they ignore the
symptoms. The prognosis of advanced colon cancer is poor, and
the recurrence rate is high. The potential prognostic biomarkers
of colon cancer should be determined. Many studies have
identified biomarkers through database mining, which can
analyze the prognosis of patients with cancer individually.
Pyroptosis is a popular type of cell death. Pyroptosis can play
a dual role in the occurrence and development of tumors. For
instance, ordinary cells are fortified by an expansive number of
provocative components discharged by pyroptosis (Karki and
Kanneganti, 2019). Moreover, promoting tumor cell pyroptosis is
expected to become a new therapeutic target for tumor patients

Frontiers in Genetics
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(Xia et al., 2019). During the development of cancer, considering
the high methylation of the promoter of pyroptosis-related genes,
the expression level of GSDM decreases, resulting in tumor
growth and metastasis (Garg and Agostinis, 2017). In the
present study, TCGA data showed the mRNA expression level
of 52 known coke death-related genes, and 40 of these PRGs were
differentially expressed. In terms of clinical characteristics, the
two clusters generated by cluster analysis based on the PRGs
showed significant differences. The prognostic esteem of
patients with CC was determined by developing the PRG
model. The ROC curve demonstrated that the AUC of
TCGA at 3 years constructed by three PRGs was 0.630, and
the AUC of GSE103479 at 3 years constructed by three PRGs
was 0.729. Our results demonstrated that the model
constructed by three PRGs is better than that from the
current guidelines in prediction. In conclusion, the risk
score we established using three PRGs was a reliability
index for the prediction of colon cancer. Based on our
analysis, we developed a model that includes three PRGs
(SLC2A3, TMPRSS11E, and UPK3B). The SLC2A family
the of
nutrients, such as glucose, which contains 14 sets from
SLC2A1-14 (César-Razquin et al., 2015). The expression of
the SLC2A family is different in cancer, and the amount of
SLC2A1 is enhanced in CC, which can predict poor prognosis

mainly focuses on transmembrane transport
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FIGURE 9

Immunohistochemistry (IHC) results showing protein levels of PRGs in CC and normal tissues. (A) IHC results of SLC2A3 in normal tissue and in
CC. (B) IHC results of TMPRSSI11E in normal tissue and in CC. (C) IHC results of UPK3B in normal tissue and in CC.

and clinical characteristics (Medina and Owen, 2002). These
members of the SLC2A family have tissue-specific expression.
SLC2A1 is widely expressed, and SLC2A2 and SLC2A3 are
usually expressed in liver and brain tissues (Jun et al.,, 2011).
TMPRSS113 is related to the occurrence of esophageal
squamous cell carcinoma, making the cells sensitive to
apoptosis under the stimulation of apoptosis (Ng et al,
2016). UPK3B, one of the significant structural components
of urothelial tissue, is a member of the urothelial family (Yu
et al., 1990). UPK3B is a marker of the mesothelial lineage
(Lopez-Rios et al., 2006). The knockdown of these three genes
significantly represses the proliferation and migration of colon
cancer cells. The molecular effect of three PRGs is still
insufficiently understood in colon cancer, and examination
of the basic instruments is needed. Thus, we built up a
OS. Then, the

discovered via

nomogram to instinctively calculate
the PRGs

Kaplan-Meier survival investigation. In addition, focusing

prognostic  value of was
on the examination of particular histological sets of CC
patients will raise the specificity and personality of PRGs.
We then analyzed and verified PRGs in patients with CC
having clinical characteristics and molecular signatures. To
date, precision genomic medicine mainly aims to discover the

precise and particular indicators of survival and prognosis
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(Bian et al., 2019). Recent studies have aimed to use
bioinformatics investigation to determine the prognostic
factors related to pyroptosis (Jiang et al., 2021; Liu et al,
2021; Shao et al., 2021; Wu et al., 2021).

In our study, there are also some limitations. Although we
use multiple databases, all the data are retrospective and lack data
from our center for further verification. Therefore, prospective
cohort studies of CC patients receiving immunotherapy are
needed to validate these findings. In addition, not all CC
patients will benefit from this model. Our study can only
provide theoretical for future

preliminary support

experimental verification.

Conclusion

In the present study, three genes were identified that can
affect pyroptosis. Our research produced a signature highlighting
three PRGs (SLC2A3, TMPRSS11E, and UPK3B) and found that
it can predict OS in patients with CC. We also analyzed the
prognostic value of these three genes and preliminarily studied
the phenotype in vitro. The results can be further verified by
further studying the three PRGs in terms of molecular
mechanism. Then, we identified a novel pyroptosis-related
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survival model consisting of three genes, namely, SLC2A3,
TMPRSS11E, and UPK3B, in CC. In conclusion, the model
combined with the clinical information may become a
potential target for the treatment of CC and become an

accurate prognostic monitoring instrument.

Data availability statement

The original contributions presented in the study are
the further
inquiries can be directed to the corresponding author.

included in article/Supplementary Material;

Author contributions

ZW and BW conceived and designed the study. ZW
conducted the experiments. ZW, YY, SW, and K] performed
the measurable investigation of the pathological information and
drafted the manuscript. All authors have examined and approved
the ultimate manuscript.

Funding

The study was partially supported by the National Nature
Science Foundation of China (No. 81871962), Industry-

University-Research  Innovation Fund in Ministry of

References

Bian, Q., Chen, J., Qiu, W, Peng, C., Song, M., Sun, X,, et al. (2019). Four targeted
genes for predicting the prognosis of colorectal cancer: A bioinformatics analysis
case. Oncol. Lett. 18, 5043-5054. doi:10.3892/01.2019.10866

César-Razquin, A., Snijder, B., Frappier-Brinton, T., Isserlin, R., Gyimesi, G., Bai,
X., et al. (2015). A call for systematic research on solute carriers. Cell 162, 478-487.
doi:10.1016/j.cell.2015.07.022

Doitsh, G., Galloway, N. L., Geng, X., Yang, Z., Monroe, K. M., Zepeda, O., et al.
(2014). Cell death by pyroptosis drives CD4 T-cell depletion in HIV-1 infection.
Nature 505, 509-514. doi:10.1038/nature12940

Fang, Y., Tian, S., Pan, Y., Li, W., Wang, Q., Tang, Y., et al. (2020). Pyroptosis: A
new frontier in cancer. Biomed. Pharmacother. 121, 109595. doi:10.1016/j.biopha.
2019.109595

Gao, J., Qiu, X, Xi, G., Liu, H., Zhang, F., Lv, T., et al. (2018). Downregulation of
GSDMD attenuates tumor proliferation via the intrinsic mitochondrial apoptotic
pathway and inhibition of EGFR/Akt signaling and predicts a good prognosis in
non-small cell lung cancer. Oncol. Rep. 40, 1971-1984. doi:10.3892/0r.2018.6634

Garg, A. D., and Agostinis, P. (2017). Cell death and immunity in cancer: From
danger signals to mimicry of pathogen defense responses. Immunol. Rev. 280,
126-148. doi:10.1111/imr.12574

Jiang, A., Meng, J., Bao, Y., Wang, A, Gong, W., Gan, X,, et al. (2021).
Establishment of a prognosis prediction model based on pyroptosis-related
signatures associated with the immune microenvironment and molecular
heterogeneity in clear cell renal cell carcinoma. Front. Oncol. 11, 755212. doi:10.
3389/fonc.2021.755212

Jun, Y. ], Jang, S. M., Han, H. L, Lee, K. H,, Jang, K. S., and Paik, S. S. (2011).
Clinicopathologic significance of GLUT1 expression and its correlation with Apaf-1
in colorectal adenocarcinomas. Wjg 17, 1866-1873. doi:10.3748/wjg.v17.i114.1866

Frontiers in Genetics

13

10.3389/fgene.2022.922055

Education of the People’s Republic of China (No.
2018A01013), and project (RS 2020-09) supported by Peking
University People’s Hospital Scientific Research Development
Funds.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors, and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fgene.
2022.922055/full#supplementary-material

Karki, R., and Kanneganti, T. D. (2019). Diverging inflammasome signals in
tumorigenesis and potential targeting. Nat. Rev. Cancer 19, 197-214. doi:10.1038/
541568-019-0123-y

Liu, L. P, Lu, L., Zhao, Q. Q.,, Kou, Q. J,, Jiang, Z. Z., Gui, R, et al. (2021).
Identification and validation of the pyroptosis-related molecular subtypes of lung
adenocarcinoma by bioinformatics and machine learning. Front. Cell Dev. Biol. 9,
756340. doi:10.3389/fcell.2021.756340

Loépez-Rios, F., Chuai, S., Flores, R., Shimizu, S., Ohno, T., Wakahara, K., et al.
(2006). Global gene expression profiling of pleural mesotheliomas: Overexpression
of aurora kinases and P16/cdkn2a deletion as prognostic factors and critical
evaluation of microarray-based prognostic prediction. Cancer Res. 66,
2970-2979. doi:10.1158/0008-5472.CAN-05-3907

Man, S. M., and Kanneganti, T. D. (2015). Regulation of inflammasome
activation. Immunol. Rev. 265, 6-21. doi:10.1111/imr.12296

Medina, R. A, and Owen, G. I (2002). Glucose transporters: Expression,
regulation and cancer. Biol. Res. 35, 9-26. doi:10.4067/s0716-97602002000100004

Miller, K. D., Nogueira, L., Mariotto, A. B., Rowland, J. H., Yabroff, K. R., Alfano,
C. M., etal. (2019). Cancer treatment and survivorship statistics, 2019. CA A Cancer
J. Clin. 69, 363-385. doi:10.3322/caac.21565

Ng, H. Y, Ko, J. M,, Yu, V. Z,, Ip, J. C, Dai, W., Cal, S., et al. (2016). DESC1, a
novel tumor suppressor, sensitizes cells to apoptosis by downregulating the EGFR/
AKT pathway in esophageal squamous cell carcinoma. Int. J. Cancer 138,
2940-2951. doi:10.1002/ijc.30034

Sanoff, H. K., Sargent, D. J., Campbell, M. E., Morton, R. F.,, Fuchs, C. S,,
Ramanathan, R. K,, et al. (2008). Five-year data and prognostic factor analysis of
oxaliplatin and irinotecan combinations for advanced colorectal cancer: N9741. Jco
26, 5721-5727. doi:10.1200/jc0.2008.17.7147

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fgene.2022.922055/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fgene.2022.922055/full#supplementary-material
https://doi.org/10.3892/ol.2019.10866
https://doi.org/10.1016/j.cell.2015.07.022
https://doi.org/10.1038/nature12940
https://doi.org/10.1016/j.biopha.2019.109595
https://doi.org/10.1016/j.biopha.2019.109595
https://doi.org/10.3892/or.2018.6634
https://doi.org/10.1111/imr.12574
https://doi.org/10.3389/fonc.2021.755212
https://doi.org/10.3389/fonc.2021.755212
https://doi.org/10.3748/wjg.v17.i14.1866
https://doi.org/10.1038/s41568-019-0123-y
https://doi.org/10.1038/s41568-019-0123-y
https://doi.org/10.3389/fcell.2021.756340
https://doi.org/10.1158/0008-5472.CAN-05-3907
https://doi.org/10.1111/imr.12296
https://doi.org/10.4067/s0716-97602002000100004
https://doi.org/10.3322/caac.21565
https://doi.org/10.1002/ijc.30034
https://doi.org/10.1200/jco.2008.17.7147
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.922055

Wu et al.

Shao, W., Yang, Z,, Fu, Y., Zheng, L., Liu, F,, Chai, L., et al. (2021). The pyroptosis-
related signature predicts prognosis and indicates immune microenvironment
infiltration in gastric cancer. Front. Cell Dev. Biol. 9, 676485. doi:10.3389/fcell.
2021.676485

Shi, J, Gao, W, and Shao, F. (2017). Pyroptosis: Gasdermin-Mediated
programmed necrotic cell death. Trends Biochem. Sci. 42, 245-254. doi:10.1016/
j-tibs.2016.10.004

Siegel, R. L., Miller, K. D., and Jemal, A. (2020). Cancer statistics, 2020. CA A
Cancer ]. Clin. 70, 7-30. doi:10.3322/caac.21590

Tan, Y. F., Wang, M., Chen, Z. Y., Wang, L., and Liu, X. H. (2020). Inhibition of
BRD4 prevents proliferation and epithelial-mesenchymal transition in renal cell
carcinoma via NLRP3 inflammasome-induced pyroptosis. Cell Death Dis. 11, 239.
doi:10.1038/s41419-020-2431-2

Tang, R., Xu, J.,, Zhang, B., Liu, J., Liang, C., Hua, J., et al. (2020). Ferroptosis,
necroptosis, and pyroptosis in anticancer immunity. J. Hematol. Oncol. 13, 110.
doi:10.1186/s13045-020-00946-7

Frontiers in Genetics

14

10.3389/fgene.2022.922055

Tariq, K., Tarig, K., Ghias, K., and Ghias, K. (2016). Colorectal cancer
carcinogenesis: A review of mechanisms. Cancer Biol. Med. 13, 120-135. doi:10.
20892/j.issn.2095-3941.2015.0103

Wang, B., and Yin, Q. (2017). AIM2 inflammasome activation and regulation: A
structural perspective. J. Struct. Biol. 200, 279-282. doi:10.1016/j.jsb.2017.08.001

Wu, J., Zhu, Y., Luo, M., and Li, L. (2021). Comprehensive analysis of pyroptosis-
related genes and tumor microenvironment infiltration characterization in breast
cancer. Front. Immunol. 12, 748221. doi:10.3389/fimmu.2021.748221

Xia, X, Wang, X,, Cheng, Z,, Qin, W, Lei, L, Jiang, J., et al. (2019). The role of pyroptosis
in cancer: Pro-cancer or pro-"host"? Cell Death Dis. 10, 650. doi:10.1038/s41419-019-1883-8

Yu, J., Manabe, M., Wu, X. R, Xu, C,, Surya, B., and Sun, T. T. (1990). Uroplakin I:
A 27-KD protein associated with the asymmetric unit membrane of mammalian
urothelium. J. Cell Biol. 111, 1207-1216. d0i:10.1083/jcb.111.3.1207

Zhang, Y., Chen, X., Gueydan, C., and Han, J. (2018). Plasma membrane changes
during programmed cell deaths. Cell Res. 28, 9-21. doi:10.1038/cr.2017.133

frontiersin.org


https://doi.org/10.3389/fcell.2021.676485
https://doi.org/10.3389/fcell.2021.676485
https://doi.org/10.1016/j.tibs.2016.10.004
https://doi.org/10.1016/j.tibs.2016.10.004
https://doi.org/10.3322/caac.21590
https://doi.org/10.1038/s41419-020-2431-2
https://doi.org/10.1186/s13045-020-00946-7
https://doi.org/10.20892/j.issn.2095-3941.2015.0103
https://doi.org/10.20892/j.issn.2095-3941.2015.0103
https://doi.org/10.1016/j.jsb.2017.08.001
https://doi.org/10.3389/fimmu.2021.748221
https://doi.org/10.1038/s41419-019-1883-8
https://doi.org/10.1083/jcb.111.3.1207
https://doi.org/10.1038/cr.2017.133
https://www.frontiersin.org/journals/genetics
https://www.frontiersin.org
https://doi.org/10.3389/fgene.2022.922055

	Development and verification of a prognostic model for colon cancer on pyroptosis-related genes
	Introduction
	Materials and methods
	Datasets
	Differential expressions of pyroptosis-related genes
	Construction of the PRG prognostic model and correlation analysis
	Cell line
	siRNA knockdown and transfection
	Cell viability assay
	Colony arrangement assay
	Scratch assay
	RNA extraction and SYBR Green PCR Master Mix PCR analyses
	Immunohistochemistry demonstrates the expression of PRGs at the protein level
	Statistical analysis

	Results
	Identification of differentially expressed genes
	Landscape of the genetic variation of PRGs
	Related function analysis of PRGs
	Tumor classification based on the DEGs
	Construction of a prognostic model in TCGA
	External validation of the risk model
	Gene mutations
	Prognostic correlation analysis of the risk model
	SLC2A3, TMPRSS11E, and UPK3B enhance the proliferation and migration of colon cells
	Immunohistochemistry demonstrates the protein level of PRGs

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


