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The noncoding RNAs regulating pyroptosis 
in colon adenocarcinoma were derived 
from the construction of a ceRNA network 
and used to develop a prognostic model
Yanfeng Chen, Zongbiao Tian, Hebin Hou and Wei Gai* 

Abstract 

Background: Noncoding RNAs (ncRNAs), pyroptosis and tumours are all hot topics in current research, but there are 
very limited studies on pyroptosis and its regulated ncRNAs in colon adenocarcinoma (COAD).

Methods: The COAD transcription profile dataset from TCGA was used for differential expression analysis. Pyroptosis-
related genes (PRGs), the top 200 long noncoding RNAs (lncRNAs) and circular RNA (circRNAs) were selected from the 
results to construct an endogenous competitive RNA (ceRNA) network. Moreover, the expression of the ceRNAs was 
used for consensus cluster analysis of COAD and developing a risk model after combining clinical follow-up data by 
the least absolute shrinkage and selection operator method. The stability and independent prognostic ability of the 
risk model were evaluated. Finally, gene set enrichment analysis (GSEA) and immune score comparisons between the 
high-risk and low-risk groups were performed.

Results: There were 87 PRGs with significant differences, among which casp3/8, NLRP1/3, and IL-1α/1β were at the 
core of the interactions. The ceRNA network consisted of 58 lncRNAs, 6 circRNAs, 25 PRGs, and 55 microRNAs. We 
speculated that KCNQ1OT1-miRNAs-SQSTM1 and HSA_CIRC_0001495-miRNAs-PTEN have great potential and value 
in the pyroptosis mechanism of COAD. Nine RNAs were involved in the risk score, which had excellent independent 
prognostic ability. Survival analyses were significant between the high-risk (HR) and low-risk (LR) groups (training 
cohort: P < 0.001; test cohort: P = 0.037). GSEA was mainly enriched in tumour proliferation and metastasis related 
pathways, while differences in immune activity showed a bipolar distribution between the HR and LR groups.

Conclusions: The overall mechanism of pyroptosis in COAD was revealed. CeRNAs most closely related to the 
pyroptosis mechanism of COAD were selected and used to develop a prognostic model. The results may present new 
regulatory sites and potential targets for COAD pyroptosis mechanisms.
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Introduction
Colon cancer is a very common malignant tumour of 
the digestive system, and its morbidity and mortality 
have increased in recent years [1]. Among its subtypes, 
colon adenocarcinoma (COAD) represents an extremely 
high proportion (98%) [2]. Currently, the main treat-
ments for COAD include surgery, chemotherapy and 
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immunotherapy. However, within 5  years of treatment, 
an estimated 30–50% of COAD patients will eventually 
relapse or metastasize [3]. Due to the progress of surgery 
and systemic treatment, the overall prognosis of COAD 
has been greatly improved, but the survival of patients 
with advanced age, postoperative recurrence or metasta-
sis is still unsatisfactory [4]. Although studies have sug-
gested that the pathogenesis of COAD is related to diet, 
genetics, chronic enteritis and diverticular disease, the 
specific mechanism remains to be fully elucidated [5, 6]. 
Advances in molecular biology have revolutionized the 
way of understanding diseases. The identification of gene 
phenotypes for neoplastic diseases plays a crucial role in 
understanding disease progression and discovering key 
markers for prognosis or diagnosis [7, 8]. Therefore, we 
need to continuously use these methods to develop new 
diagnostic methods and evaluation systems to facilitate 
and improve individualized treatment regimens.

In recent years, pyroptosis research has attracted the 
attention of scientists and has become a hot research 
field. Gasdermin (GSDM) family proteins are cleaved by 
activated cysteinyl aspartate-specific proteinase (CASP) 
and then transferred to the cell membrane and polymer-
ized into a pore-like structure, resulting in changes in cell 
membrane permeability. Secondary cells swell, rupture, 
and die. Simultaneously, cytokines in the interleukin-1 
(IL-1) family are released into the outside of the cell to 
activate the host immune response, a process known as 
pyroptosis [9]. Scientists believe that pyroptosis is closely 
linked to cancer. Recent evidence suggests that pyrop-
tosis induces intense inflammatory responses and sig-
nificant regression of tumour cells. However, pyroptosis 
is a double-edged sword, and abnormal pyroptosis may 
cause organ failure and the formation of a microenviron-
ment conducive to tumour progression [10]. In addition, 
noncoding RNAs (ncRNAs), such as long noncodinig 
RNAs (lncRNAs) and circular RNAs (circRNAs), have 
been proven to have a regulatory effect on the activation 
of the pyroptosis pathway, but studies are mostly limited 
to some non-oncological diseases, such as cardiovascu-
lar diseases, immune diseases, and diabetic nephropathy 
[11, 12]. Moreover, the regulatory mechanism of these 
ncRNAs is likely to affect mRNA expression by acting 
as competing endogenous RNAs (ceRNAs). The specific 
process is that response elements on microRNAs (miR-
NAs) can bind not only to some mRNAs but also to some 
lncRNAs, circRNAs and other types of RNAs, thus form-
ing a competitive relationship between RNAs that bind 
the same miRNA [13].

Previous studies have not only found the close asso-
ciation between pyroptosis and a variety of malignant 
tumours but also found that this mechanism could be 
regulated by many ncRNAs [14–16]. However, there are 

still limited studies on pyroptosis and COAD, especially 
the regulatory mechanism of ncRNA on the pyropto-
sis activation state of COAD. The Cancer Genome Atlas 
(TCGA) (https:// portal. gdc. cancer. gov/ repos itory) data-
base and some signal pathway-related databases were 
utilized in this study. LncRNAs and circRNAs with regu-
latory value in COAD pyroptosis were selected. Moreo-
ver, a gene set prognostic scoring model was established 
based on the ceRNAs. This study not only confirmed 
the involvement of the pyroptosis pathway in COAD 
occurrence and progression but also attempted for the 
first time to identify ceRNAs that interfere with COAD 
pyroptosis. This work provides a new perspective and 
target for future research, early warning signs and new 
therapeutic means.

Methods
Data sources and characteristics
Transcriptome sequencing data and clinical follow-up 
information of COAD patients were downloaded from 
the TCGA. Workflow Type Select “HTSeq—FPKM” 
(High-throughput sequence—Fragments Per Kilobase of 
exon model per Million mapped fragments). The paraf-
fin-embedded sample data were deleted, and the multi-
ple sequencing results of the same patient sample were 
averaged. The overall survival (OS) data of some patients 
were lost to follow-up, resulting in an unequal number of 
cases (Table 1).

To comprehensively identify pyroptosis-related genes 
(PRGs), we retrieved “pyroptosis” in two databases: 
GeneCards (http:// www. genec ards. org/) and MsigDB 
(https:// www. gsea- msigdb. org/). The filtering conditions 
of the GeneCards database were set as “Protein Coding 
RNA” and “Relevance Score > 1”, and 102 PRGs remained. 
In addition, GOBP_PYROPTOSIS (18 PRGs) and REAC-
TOME_PYROPTOSIS (27 PRGs) were obtained from 
the MsigDB database. Based on the three gene sets, 117 
PRGs (Additional file 1: Table S1) were collected for sub-
sequent analysis.

Differential expression analysis
The difference in the expression value of the whole tran-
scriptome between paracancer and COAD tissues was 
analysed using the Mann–Whitney test and the R lan-
guage "limma" package (cutoff: P < 0.05). To avoid miss-
ing valuable PRG, the logFoldChange (logFC) threshold 
was set to zero. The significantly differentially expressed 
genes of 117 PRGs (dePRGs) were selected and their 
interactions were determined by the STRING website 
(https:// string- db. org) (interaction score = 0.4) and the 
“igraph” and “reshape2” packages of R (Pearson, corre-
lation threshold = 0.2). At the same time, differentially 
expressed lncRNAs (de-lncRNAs), and differentially 
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expressed circRNAs (de-circRNAs) were ranked by 
|logFC|, the top 200 of which were taken, respectively for 
the next step. Annotation files downloaded from miR-
code (http:// mirco de. org/) and starBase (https:// starb ase. 
sysu. edu. cn/ starb ase2/).

Construction of the ceRNA network
The TargetScan (http:// www. targe tscan. org) database 
was used to identify miRNAs that can bind the mRNA 
of dePRGs (mRNAs-TargetScan-miRNAs) (Additional 
file  1: Table  S2). The miRNAs that could bind to the 
lncRNAs or circRNAs above were further predicted by 
miRcode and starBase, respectively (Additional file  1: 
Table  S3–S4). The overlapping domains of miRNAs 
bound by mRNAs and ncRNAs could form a ceRNA net-
work. Therefore, it could be predicted that the ncRNAs 
in the network may competitively bind these miRNAs 
to regulate the activity of the pyroptosis pathway. Visual 
manipulation using Cytocape_V3.9.0.

Consensus cluster analysis based on ceRNAs
The expression matrix of ceRNA in COAD patients 
was analysed by the “ConsensusClusterPlus” package 
of R. The significance of grouping was observed as the 
clustering variable (K) increased. Then, survival analy-
sis (Kaplan‒Meier method) and differential expression 
analysis (117 PRGs) were performed among the clusters, 
demonstrating the effect of ceRNA on pyroptosis activity 
in COAD.

Development and establishment of a prognostic risk 
model
Since the selected ceRNAs were believed to have the 
ability to regulate the opening of the pyroptosis path-
way, a risk scoring formula was constructed based on the 
expression of the ceRNAs, from which possible key fac-
tors and prognostic markers were found, and the inter-
fering effect of pyroptosis on COAD OS was indirectly 
confirmed. First, TCGA COAD patients were randomly 
divided into a training cohort and a test cohort. Then, 
the expression of ceRNAs and follow-up data of patients 
in the training cohort were merged. Cox regression and 
least absolute shrinkage and selection operator (LASSO) 
regression were performed successively, resulting in a 
risk coefficient for each remaining ceRNA (R: “glmnet” 
package).

Risk Score = 
a

i
Bi × Ci(The sum of each ceRNA’s 

FPKM multiplied by the risk coefficient). According to 
the median Risk score, patients were divided into the 
High Risk (HR) group (> median score) and Low Risk 
(LR) group (< median score). Next, the separation effi-
cacy of the risk model and the difference in OS 
between the two groups were assessed. Principal 

component analysis (PCA), T-distributed neighbor 
embedding (T-SNE), Kaplan‒Meier survival analysis, 
and receiver operator characteristic (ROC) were 
applied sequentially.

The effectiveness of the risk model was validated based 
on the data of the test group by the same approach and 
process.

Assessment of the independent prognostic strength 
of the risk model
All COAD patients were analysed using risk scores com-
bined with clinical characteristics, including age, sex, 
TNM grading and tumour stage. First, factors that were 
not significantly correlated with OS were excluded by 
univariate Cox regression analysis. Second, multivariate 
Cox regression analysis was performed to identify factors 
that had independent evaluation value for prognosis, and 
the role of the risk model was considered.

Gene set enrichment analysis
To understand the functional pathways that may promote 
the progression of COAD or even have a close relation-
ship with the activity of pyroptosis, gene set enrichment 
analysis (GSEA) was used for differential pathway enrich-
ment between the HR and LR groups. The classic HALL-
MARK gene sets were used in GSEA_4.1.0 software 
(enrichment statistic: weighted; metric for ranking genes: 
single2noise; cut-off: |NES|> 1, NOM P value < 0.05, FDR 
q-value < 0.25).

Differences in immune activity between the HR and LR 
groups
The immune-related gene set was downloaded from 
the GSEA website (https:// www. gsea- msigdb. org/ gsea/ 
index. jsp) and was enriched in 13 types of immune cells 
and 16 immune function pathways. From this gene set, 
single-sample gene set enrichment analysis (ssGSEA) was 
used to score the immunity of each COAD sample, thus 
more intuitively showing differences in immune activity 
between the HR and LR groups.

Statistical analysis
In this study, R × 64 4.1.1 was used for data analysis, and 
functions and thresholds for key steps were listed in each 
section.

Results
PRGs differentially expressed in COAD
A total of 87 PRGs were significantly differentially 
expressed (Fig.  1A). The most interacting genes were at 
the core of the STRING network (Fig.  1B). Moreover, 

http://mircode.org/
https://starbase.sysu.edu.cn/starbase2/
https://starbase.sysu.edu.cn/starbase2/
http://www.targetscan.org
https://www.gsea-msigdb.org/gsea/index.jsp
https://www.gsea-msigdb.org/gsea/index.jsp
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there were also different levels of positive and negative 
regulation between genes (Fig. 1C).

CeRNA network
A total of 58 lncRNAs and 6 circRNAs were found to 
compete with 25 PRGs to bind 55 miRNAs (Fig. 2). The 
64 ceRNAs could likely regulate the pyroptosis activity of 
COAD, the expression of which was used to construct a 
risk model.

Consensus cluster analysis
Two relatively clear and stable clusters were obtained 
(Fig.  3A), and 34 PRGs were significantly differentially 
expressed between the two clusters, including several 
universally recognized hub genes of the pyroptosis path-
way in the CASP family and GSDM family (Fig.  3B). 
However, there were no significant differences in OS 
(Fig. 3C). The results showed that clusters based on the 

coexpression levels of predictive regulatory genes in the 
ceRNA network did show significant differences and had 
different degrees of pyroptosis.

Risk model of the training cohort
After Cox regression analysis, the remaining 9 ceRNAs 
related to OS were all lncRNAs. Among them, MYH16 
and ABCA17P had large hazard ratios (HRs). In con-
trast, the HRs of CCT7P1 and NPY6R were less than 1, 
suggesting that they may inhibit tumour progression 
(Fig. 4A). According to the result of the optimum λ value, 
the 9 genes could not be reduced by LASSO regres-
sion analysis (Fig.  4B, C), and the formula for the risk 
score of the 9 genes was as follows:risk score = (0.125  
× ABCA17P)  + (−  0.10 0 × CCT7P 1) + (0. 077 ×  H19) + ( 
0.090 ×  H OTAIR) +  (0. 027  ×   MRPL23-A S1) +  (0 
.092 × MYH 16) + (−  0.080  × NPY6R)  + (0.06 5  ×  UGT 
1 A12P) +  (0.101 × W T1- AS) . According to the median 

Fig. 1 Differential expression and interaction of PRGs in COAD. A Expression of differential PRGs between tumor and normal samples (Each cell 
represents the log2FPKM of genes; brilliant blue: normal samples; cherry red: tumor samples; blue-red: log2FPKM gradually increased; P-Values 
were displayed as: *P < 0.05; **P < 0.01; ***P < 0.001). B Interaction network of dePRGs by String (eachedge represents an interactive path). C The 
correlations of dePRGs by Pearson correlation analysis (blue line: negative correlation; red line: positive correlation; the depth of the line color 
indicates the strength of the correlation)
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score, COAD patients were evenly divided into HR and 
LR groups (Fig. 4D), and the two groups were clearly sep-
arated by PCA and t-SNE (Fig. 4E, F). Visualization of the 
survival state showed that patients who died and had a 
short survival period were more concentrated in the high 
score segment (Fig. 4G), and OS analysis showed signifi-
cant differences (P < 0.001) (Fig.  4H). In addition, ROC 
analysis results indicate that the risk model has a satis-
factory ability to evaluate survival expectation at three 
nodes of time (1, 3 and 5 years) (Fig. 4I).

Risk model testing
To verify the reliability of the risk model, the test cohort 
with an equal number of randomly separated samples 
from the total COAD patients was analysed according to 
the same process. The result was slightly inferior to that of 
the training cohort. However, the number of HR (99) and 
LR (91) cases were similar, and the risk score presented a 
linear distribution (Fig. 5A). In PCA, the distribution dif-
ference between the two groups was clear (Fig. 5B), while 
t-SNE results showed weak differentiation (Fig. 5C). The 
survival situation suggested that the number of deaths in 
areas with high scores was still higher (Fig.  5D). Impor-
tantly, OS analysis remained significant (P = 0.037) 
(Fig.  5E) and the areas under the curves (AUCs) were 
0.571, 0.624, 0.636 in 1, 3, 5 years, respectively (Fig. 5F).

Independent prognostic power of the risk model
M stage and risk score showed a close relationship with 
OS and had independent prognostic ability, while T stage 
and sex had no independent prognostic value (Fig.  6A, 
B). The survival of patients diagnosed with advanced 
COAD is naturally predictable, so the strong predictive 
power of the risk score is of clinical value. According to 
the heatmap (Fig.  6C), patients of different stages and 
grades were significantly different in the distribution of 
HR and LR groups, which confirmed the credibility of 
risk stratification.

Differences in GSEA between HR and LR groups
A total of 13 pathways were significantly enriched 
(Additional file  1: Table  S5). We show the top 10 path-
ways according to |NES| sorting. These are “OXIDA-
TIVE_PHOSPHORYLATION”, “UV_RESPONSE_DN”, 
“HEDGEHOG_SIGNALING”, “MYOGENESIS”, 
“EPITHELIAL_MESENCHYMAL_TRANSITION”, 
“ANGIOGENESIS”, “MITOTIC_SPINDLE”, “FATTY_
ACID_METABOLISM”, “APICAL_JUNCTION”, and 
“TGF_BETA_SIGNALING” (Fig.  7A–J). Most of the 
above pathways are considered to be closely related to 
tumour progression, which reflects the reliability of 
grouping.

Fig. 2 The de-lncRNAs and de-circRNAs can combine the miRNAs competitively with dePRGs in COAD. (yellow circle: de-circRNAs; pink diamond: 
de-lncRNAs; red triangle: de-PRGs; green rectangle: microRNAs; blue edges: interactions between lncRNAs and miRNAs; brown edges: interactions 
between circRNAs and miRNAs; light red line: interactions between PRGs and miRNAs)
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Differences in immune activity between the HR and LR 
groups
The comparison of immune scores between all HR and 
LR samples can be seen by box plot (Fig.  8A, B). The 
activity of dendritic cells (DCs) (P < 0.01) and T helper 
2 (Th2) cells (P < 0.05) was decreased in the HR group, 
while the activity of macrophages (P < 0.01) was increased 
significantly. In addition, “T_cell_co-stimulation” 
(P < 0.05) was inhibited in the HR group, while “Type_II_
IFN_Response” (P < 0.05) was overactivated.

Discussion
Research on the correlation relationship between the 
pyroptosis pathway and tumours is a hot topic today 
[17]. Current studies mostly show that pyroptosis may 
promote cancer progression and metastasis [18, 19]. 
However, the opposite conclusion has also been reached: 
pyroptosis can sometimes prevent the development of 
anticancer drug resistance and even prevent tumour 

progression [20, 21]. Some researchers have found that 
pyroptosis is regulated by some ncRNAs in the process 
of tumour growth and metastasis [22]. In summary, 
pyroptosis and cancer must be closely related and may 
even become potential biological markers or targets for 
tumour diagnosis and treatment. Our study was inspired 
by these studies. In this work, we not only explored the 
relationship between COAD and pyroptosis more thor-
oughly but also identified ceRNAs that may play a regula-
tory role in this process.

First, we selected PRGs from three databases for dif-
ferential analysis to avoid omission, and 87 PRGs most 
closely related to COAD were identified. Among them, 
several CASP family genes including CASP3/4/5/8, 
had significant differences in expression. Moreover, 
GSDMA/B/C of GSDM family genes, as the final link of 
pyroptosis, were also selected. This was consistent with 
a previous study showing that some chemotherapy drugs 
can induce pyroptosis in colon cancer cells by CASP3 

Fig. 3 The differences of pyroptosis activity and OS between two clusters based on ceRNAs expression. A 379 COAD patients were divided into 
two clusters (C1, C2) by consensus cluster analysis (k = 2). B Differential expression of 117 PRGs between C1 and C2 (brilliant blue: C1; cherry red: C2; 
blue-red: the expression level of logFPKM; P-Values were shown as: *P < 0.05, **P < 0.01, ***P < 0.001). C OS curves for two clusters (cluster C1: blue; 
cluster C2: yellow)
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cleavage of GSDME [23]. Another study suggested that 
GSDMB was involved in the progression of inflammatory 
bowel disease, which may explain some of the pathogen-
esis links between IBD and colon cancer [24]. From the 
interaction of the 87 PRGs, it was found that casp3/8, 
NLRP1/3, IL-1α/1β and other hot genes were indeed in 
the core position, reflecting the reliability of the detection 
results of the pyroptosis pathway. At the same time, BSG, 
CHMP2A and other genes may have important negative 
regulatory effects on pyroptosis, which needs further 
experimental verification.

NcRNAs has been used as prognostic markers in colon 
cancer. A recent study found that has_circ_0084927 has 
prognostic value in colorectal cancer and has an endog-
enous competition mechanism [25, 26]. The effect of 
KCNQ1OT1 on lncRNAs in the development of colon 
cancer has been confirmed in several studies [27, 28]. 

Our ceRNA network also proved this point. KCNQ1OT1, 
with the most regulated connections in the network, 
competes with 14 PRGs, including PTEN/SQSTM1/
TXNIP/STAT3, to bind multiple miRNAs. SQSTM1 
interferes with the progression of colon cancer through 
the activation of autophagy [29]. Moreover, SQSTM1 can 
participate in the degradation of GSDMD and intervene 
in the activation of the pyroptosis pathway [30]. There-
fore, it is reasonable to speculate that KCNQ1OT1-mir-
NAs-SQSTM1 play an important role in the activation 
of pyroptosis in colon cancer. Has_circ_0001495 of the 
ceRNA network has up to 16 possible regulatory routes, 
among which the interaction with PTEN is the closet. 
At present, studies on the correlation between hsa_
circ_0001495 and hepatocellular carcinoma, cervical 
cancer, lung cancer and other malignant tumours can be 
retrieved, suggesting that hsa_circ_0001495 plays a key 

Fig. 4 Exploration of risk model in the train cohort. A 9 ceRNAs had significant correlation with OS by univariate cox regression analysis (P < 0.05). 
B LASSO regression of the 9 ceRNAs. C Cross-validation of optimal adjustment of λ-value. D Patients distribution in the HR and LR groups. E PCA 
of HR and LR groups. F t-SNE plot of HR and LR patients. G The survival state of train cohort patients. H OS curves of HR and LR groups (P < 0.001). I 
Prediction efficiency of the risk model for three time gradients
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Fig. 5 Validation of prognostic model by test cohort. A Patients distribution based on the median score. B PCA of HR and LR groups in test 
cohort. C t-SNE plot for HR and LR groups of test cohort. D Survival status of test cohort patients. E OS curves of HR and LR groups (P = 0.037). F 
Time-dependent ROC curves for test cohort patients

Fig. 6 Independent prognostic assessment of clinical traits and risk score. A Univariate analysis for all of the TCGA COAD patients (P < 0.05 indicates 
a significant relationship with OS). B Multivariate analysis after adjusting confounding factors (Age, N&M grading, riskScore had independent 
prognostic ability). C Distribution significance of various clinical traits in the HR and LR groups (*P < 0.05, **P < 0.01)
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regulatory role in cancer progression [31–33]. A recent 
study on oral cancer indicated that the expression of 
GSDME in oral cancer mice with PTEN knockout genes 

was significantly increased at an early stage, thereby 
inhibiting tumour progression by activating the pyrop-
tosis response [34]. Therefore, we once again boldly 

Fig. 7 Top 10 enriched pathways between HR and LR groups of TCGA samples. (A–J |NES|gradually reduce)

Fig. 8 Difference of immune activity between HR and LR groups of TCGA data set. A Comparison of 16 types of immune cells between LR and HR 
groups. B Comparison of 13 types of immune functions between LR and HR groups (*P < 0.05; **P < 0.01; HR: red box; LR: blue box)
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speculated that hsa_circ_0001495-miRNAs-PTEN might 
be involved in pyroptosis activation in early colon can-
cer. Of course, there must be many important regulatory 
mechanisms in the network, and our interpretation of 
this result is conducive to providing clues and support for 
further research.

The clarity of the two clusters generated by consen-
sus cluster analysis led us to believe that the regulatory 
role of ceRNAs was solid and powerful. The differential 
expression analysis of PRGs further confirmed the great 
influence of regulatory genes on the activation state of 
pyroptosis because the 34 differential PRGs contained 
multiple CASP and GSDM family members, which are at 
the core of the pyroptosis pathway.

All 9 ceRNAs in the risk model are lncRNAs. We 
believe that this phenomenon may be due to some par-
ticularities of circRNA, resulting in insignificant differ-
ences in their expression levels. However, the prognosis 
of the risk model still showed good performance in both 
cohorts. This not only is advantageous for making the 
right judgement for COAD patients in the clinic but 
also further confirms the importance of pyroptosis in 
the progression of COAD. In addition, these ceRNAs 
also have the potential to be therapeutic targets and the 
basis of new drug research and development. Among the 
9 RNAs, ABCA17P, CCT7P1 and UGT1A12P belong to 
pseudogenes, which are similar but different from pro-
tein-encoding genes in structure, leading to failure to 
translate proteins. However, they may be functional, and 
they may act as regulators in a mannersimilar to ncRNAs. 
There are some limited reports about the relationship 
between pseudogenes and colon cancer [35, 36]. MYH16 
stands out in the risk model. As early as 2002, Nada al-
Tassan et al. found that MYH was associated with genetic 
susceptibility to colorectal cancer [37]. However, there 
are no studies on MYH16. H19 is a lncRNA with a high 
frequency in colon cancer related studies. For example, a 
report from a few years ago showed that H19 promoted 
the transformation process of colon cancer epithelial 
cells into mesenchymal cells through the H19/Mir-
29B-3p/PGRN Axis [38]. Another study published this 
year linked H19 overexpression to colon cancer recur-
rence [39]. At the same time, H19 has also been proven 
to be closely related to pyroptosis by a number of studies, 
including pneumonia, myocardial infarction and other 
diseases [40, 41]. HOTAIR is also a popular lncRNA, and 
a number of studies have proven that it can promote the 
progression of colon cancer by regulating the activity of 
protein-coding RNAs through an endogenous competi-
tion mechanism [42, 43]. MRPL23-AS1 has been shown 
to promote metastasis in some types of lung cancer, but 
its association with colon cancer has not been identified 
[44]. There are few studies on the other genes, but some 

direct or indirect evidence shows that they are related to 
cancer or pyroptosis pathway. Joint efforts of the scien-
tific community are still needed to explore their unknow 
roles. In conclusion, the 9 lncRNAs mentioned above 
showed a possible close relationship with colon cancer or 
pyroptosis in previous studies and showed a good prog-
nostic prediction of colon cancer outcome with both 
sensitivity and specificity through mutual restriction or 
enhancement. The HRs suggested that the independent 
prognostic efficacy of the risk score was more accurate 
than N/M staging and was more appropriate for patients 
in early stages.

Later, we conducted GSEA to understand the difference 
in pathway enrichment between the HR and LR groups 
and to preliminarily explore pathways that may be closely 
related to pyroptosis. Most of the results were recognized 
as pathways strongly linked to tumorigenesis and devel-
opment, including vascular, musculogenesis, epithelial 
mesenchymal cell transformation, transforming growth 
factor-β (TGF-β) signalling and other functional path-
ways, which confirmed the credibility of our study [45, 
46]. The comparison of immune activity between the dif-
ferent risk layers was interesting. Overall, the difference 
in immune activity between the two groups was not as 
great as we thought. In detail, DCs and Th2 cells showed 
the opposite status to macrophages. In the comparison 
of immune function, activation of the type II interferon 
pathway and inhibition of the T-cell costimulation path-
way in the HR group indicated that excessive inflamma-
tion of colon cells may be involved in the occurrence of 
cancer, while the progression and deterioration of cancer 
may be related to the weakening of immune surveillance 
function. This "contradiction" actually matches the cur-
rent research status [47, 48].

Conclusions
In summary, our study preliminarily explored the cor-
relation between COAD and pyroptosis and identified 
some RNAs that may regulate this process through 
endogenous competition mechanisms. According 
to previous studies, these RNAs are tightly linked to 
COAD, pyroptosis or other malignant tumours. Sub-
sequently, we constructed a risk model based on the 
expression of the RNAs and clinical follow-up data. The 
evaluation effect of the training cohort and test cohort 
was considerable, and the independent prognostic abil-
ity was also strong. The enrichment pathways between 
the HR and LR groups were mainly reflected in the 
factors related to tumour progression, while the com-
parison of immune activity displayed a bipolar state. 
Limitations: In our study, bioinformatics was used to 
conduct secondary mining of published data, without 
targeted experimental validation, and the conclusions 
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were not absolutely confirmed. However, the limited 
scope of the results provides direction and foundation 
for future research and avoids the economic and time 
cost of in-depth research. Moreover, the integration of 
complex mathematical operations and basic life science 
experiments is considered to be mainstream medical 
research today and has the potential to yield outstand-
ing research results.
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