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Purpose: Pyroptosis plays an important role in tumor progression. However, there is no 
pyroptosis-associated long noncoding RNA (lncRNA) signature to predict the prognosis of 
patients with colorectal cancer (CRC).
Materials and Methods: The RNA sequencing data (RNA-seq) and corresponding clinical 
information relating to CRC patients were obtained from the Cancer Genome Atlas (TCGA) 
database and the GSE39582 dataset. Univariate Cox regression analysis was used to identify 
pyroptosis-associated lncRNAs linked to CRC prognosis. Subsequently, multivariate Cox 
regression analysis was performed to construct a pyroptosis-associated lncRNAs signature 
within the TCGA cohort, which was then validated using the GSE39582 dataset. We used 
Kaplan–Meier (K-M) analysis, principal component analysis (PCA), and receiver operating 
characteristic curve (ROC) analysis to evaluate our novel lncRNA signature. Finally, gene set 
enrichment analysis (GSEA) was performed to explore the potential function of the lncRNA 
signature.
Results: We constructed a pyroptosis-associated lncRNA signature comprising four 
lncRNAs (ELFN1-AS1, PCAT6, TNRC6C-AS1, and ZEB1-AS1). CRC patients were sub-
divided into high- and low-risk groups based on median risk scores. The results of the K-M, 
PCA, and ROC analyses showed that this signature could accurately predict the prognosis of 
CRC patients. Univariate and multivariate Cox regression analyses showed that the pyrop-
tosis-associated signature was an independent prognostic factor. Functional analysis sug-
gested that tumor-associated pathways were enriched for in the high-risk CRC patient group.
Conclusion: Our study established an effective prognostic signature for CRC patients that 
may represent a potential therapeutic target.
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Introduction
Colorectal cancer (CRC) is the second leading cause of cancer-related deaths world-
wide, with an incidence that is rising year by year among adolescents.1,2 The early 
symptoms of CRC are subtle. Patients therefore often present at an advanced stage by 
the time CRC is diagnosed.3 The 5-year survival rate of CRC patients diagnosed in the 
early stages is > 90%, while the 5-year survival rate of CRC patients diagnosed with 
metastatic cancer is only 12%.4,5 Surgery and chemotherapy are currently the main 
treatment methods for colorectal cancer, and the treatment efficacy for advanced 
patients remains poor.6 There is still a shortage of simple and effective methods for 
the prediction of CRC prognosis. It is therefore imperative to explore the underlying 
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developmental mechanisms implicated in CRC and identify 
effective prognostic biomarkers.

Pyroptosis is a newly-discovered form of programmed 
cell death that is predominantly induced by certain 
inflammasomes,7 such as the caspase-1/4/5/11 inflamma-
some pathways.8 The main manifestations of pyroptosis are 
cell swelling, cell membrane rupture, cell membrane pore 
formation, and the release of proinflammatory contents.9,10 

Pyroptosis is strongly associated with clinical abnormalities 
such as cancer, Alzheimer’s disease, systemic lupus erythe-
matosus (SLE), renal ischemia reperfusion injury (IRI), and 
diabetes.11–14 The induction of cancer cell death via pyrop-
tosis represents a novel method for the treatment of tumors 
resistant to traditional therapies.15 In recent years, some 
researchers have studied pyroptosis-associated pathways to 
find new targeted treatment strategies for CRC.

Long noncoding RNA (lncRNA) is a type of RNA >200 
nucleotides in length, which lacks the capacity to encode 
proteins.16 LncRNAs mediate multiple biological functions, 
such as transcription, translation, chromatin modifications, 
and allosteric regulation of enzyme activities.17 Numerous 
studies have suggested that pyroptosis is regulated by many 
factors, including lncRNAs.18 However, few studies docu-
menting the existence of pyroptosis-associated lncRNAs 
and their roles in CRC prognosis exist to date, and this is 
an area of research that needs further investigation.

In this study, we constructed a pyroptosis-associated 
lncRNA signature and validated its function in an indepen-
dent cohort of CRC patients. We demonstrate that this novel 
signature can predict the prognosis of CRC, which could lead 
to the identification of therapeutic targets and biomarkers.

Materials and Methods
Data Sources
Figure 1 shows our analysis workflow. The RNA sequencing 
data (RNA-seq) and corresponding clinical information asso-
ciated with the training cohort were downloaded from the 
Cancer Genome Atlas (TCGA, https://portal.gdc.cancer.gov/ 
) database. The training cohort contains 473 colon adenocar-
cinoma samples, one of the most common types of CRC.19 

The GSE39582 dataset, which was obtained from the gene 
expression omnibus (GEO: https://www.ncbi.nlm.nih.gov/ 
geo/) database, was used as a testing cohort. All RNA-seq 
data were normalized with the log2(x+1) transformation. 
A total of 133 pyroptosis-associated genes were extracted 
from the GeneCards (https://www.genecards.org/) database 
and are outlined in Supplementary Table S1.

Identification of Pyroptosis-Associated 
lncRNAs
LncRNA and mRNA were identified based on the annota-
tions provided by Ensembl Genomes (https://ensemblgen 
omes.org/). Shared lncRNAs were obtained from the two 
cohorts and a Venn diagram was generated using the 
“Venn” R package. Pearson correlation analysis was per-
formed to analyze the correlation between shared 
lncRNAs and pyroptosis-associated genes in CRC. 
LncRNAs with correlation coefficients |R2| > 0.3 and P < 
0.001 were considered to be pyroptosis-associated 
lncRNAs.

Construction of a Pyroptosis-Associated 
lncRNA Signature
Univariate Cox regression and Kaplan–Meier (K-M) ana-
lyses were used to identify pyroptosis-associated lncRNAs 
linked to overall survival (OS), and lncRNAs with P < 0.05 
were considered statistically significant for further analysis. 
In order to avoid over-fitting, the candidate lncRNAs were 
screened by the least absolute shrinkage and selection opera-
tor (LASSO) regression analysis in the “glmnet” R package. 
Subsequently, these candidate lncRNAs were included in the 
multivariate Cox regression analysis and the optimal lncRNA 
signature was constructed based on the lowest Akaike infor-
mation criterion (AIC) value. The risk score of each patient 
was calculated according to the following formula: Risk 

score= ∑
n

i¼1
coef lncRNAnð Þ � expr lncRNAnð Þ. The patients 

were subdivided into high-risk groups and low-risk groups 
based on the median risk score.

Validation of the Pyroptosis-Associated 
lncRNA Signature
K-M survival analysis was performed to compare the OS 
between the high and low-risk CRC patient groups. 
Receiver operating characteristic (ROC) and Cox regres-
sion analyses were further used to analyze the prognostic 
value of our lncRNA signature. Principal component ana-
lysis (PCA) was used to explore the distribution of the 
different groups. The testing cohort was used to validate 
the signature. The “rms” R package was used to establish 
a nomogram.

Enrichment Analysis
Gene set enrichment analysis (GSEA) is a calculation method 
used to determine the functional difference between two 
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groups. GSEA software (version 4.1.0) was used to analyze 
the enrichment of the Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway in high and low-risk CRC groups.

Statistical Analysis
All statistical analyses were conducted using R software 
(version 4.0.3). The lncRNAs and mRNAs co-expression 
network was drawn using CYTOSCAPE software (version 
3.7.1). A t-test was used for the clinical correlation analy-
sis. Two-tailed P < 0.05 was considered as a measure of 
statistical significance.

Results
Identification of Pyroptosis-Associated 
lncRNAs
A total of 14,142 lncRNAs were identified from the TCGA 
dataset and 1146 lncRNAs were screened from the 

GSE39582 dataset. After deleting the duplicate lncRNAs in 
each database, we obtained 1139 shared lncRNAs 
(Figure 2A). We formed a co-expression network of shared 
lncRNAs and pyroptosis-associated genes in the training 
cohort. Among the shared lncRNAs, 174 lncRNAs were 
considered to be associated with pyroptosis, determined 
using Pearson correlation analysis. (|R2| > 0.3 and P < 0.001).

Construction of a Pyroptosis-Associated 
lncRNA Signature in CRC
Univariate Cox regression and K-M analyses were per-
formed to screen prognostic lncRNAs within the training 
cohort (Figure 2B). In order to avoid over-fitting, the 
lncRNAs with P < 0.05 were included in the LASSO 
regression analysis to obtain five candidate lncRNAs 
(Figure 2C and D). Next, multivariate Cox regression 
analysis was applied to the candidate lncRNAs 

Figure 1 Flowchart outlining the research process. The flowchart depicts the process of pyroptosis-associated lncRNA signature identification and validation.
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Figure 2 Construction of the pyroptosis-associated lncRNA signature using the training cohort. (A)Venn diagram describes 1139 shared lncRNAs from the TCGA database 
and the GSE39582 dataset.  (B) Kaplan–Meier and univariate Cox regression analyses were used to confirm the relationship between certain lncRNAs and the OS of CRC 
patients. (C  and D) Candidate genes were screened using LASSO regression analysis. (E) The pyroptosis-associated lncRNA signature was constructed using multivariate 
Cox regression analysis.
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(Figure 2E). Based on the optimal AIC value 
(AIC=905.46), we constructed a lncRNA signature com-
prising four pyroptosis-associated lncRNAs (ELFN1-AS1, 
PCAT6, TNRC6C-AS1, and ZEB1-AS1). These four 
lncRNAs were associated with an unfavorable prognosis 
in CRC patients and were considered risk factors (HR>1). 
We built a co-expression network to show the relationship 
between pyroptosis-associated lncRNAs and mRNAs 
(Figure 3).

Validation of the Pyroptosis-Associated 
lncRNA Signature
The median risk score was used to dichotomize patients 
into a high- (n=223) and a low-risk (n=223) groups in the 
training cohort. K-M survival analysis indicated the OS of 
CRC patients in the high-risk group was worse than the 
low-risk group (P < 0.05; Figure 4A). Time-dependent 
ROC curves demonstrated that the signature has 
a reliable prognostic value. The area under the ROC 
curve (AUC) at 1-, 3-, and 5-years reached 0.700, 0.698, 
and 0.674, respectively (Figure 4B). PCA illustrated that 
CRC patients in the high- and low-risk groups were dis-
tributed in different directions (Figure 4C). The risk curve 
and scatterplot were applied to illustrate the risk score in 
the low- and high-risk groups, and the relevant survival 
status of CRC patients (Figure 4D and E, low-risk group to 
the left side of the dotted line and the high-risk group to 
the right side of the dotted line). The results suggested that 

the mortality rates were dependent on the risk score. The 
heatmap showed that these four lncRNAs were upregu-
lated in the high-risk group (Figure 4F).

To further evaluate the accuracy of the lncRNA signa-
ture in predicting CRC prognosis, we used the same meth-
ods to validate it in the testing cohort extracted from the 
GSE39582 dataset. K-M analysis shows that patients in 
the high-risk group also had a worse prognosis than those 
in the low-risk group (P < 0.05, Figure 5A). Meanwhile, 
the AUCs for predicting 1-, 3-, and 5-year survival rates 
were 0.648, 0.608, and 0.601, respectively (Figure 5B). In 
addition, CRC patients from the testing cohort were also 
distributed in two directions in the PCA (Figure 5C). The 
distribution of the risk score and survival status in the 
training cohort are presented in Figure 5D and E. More 
deaths and shorter survival times were recorded for the 
high-risk group, compared to the low-risk group. The 
expression differences of the four lncRNAs in the high- 
and low-risk groups were also similar to those in the 
training cohort (Figure 5F). In general, these results offer 
evidence of the robustness and effectiveness of our 
signature.

The Clinical Value of the 
Pyroptosis-Associated lncRNA Signature
Univariate and multivariate Cox regression analyses were 
performed to assessed whether the risk score was an inde-
pendent prognostic factor in the context of CRC. The 

Figure 3 Co-expression network of pyroptosis genes and lncRNAs. Green nodes indicate pyroptosis genes and red nodes represent lncRNAs.
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univariate Cox regression analysis indicated that the risk 
score was a factor predicting survival in both the training 
and testing cohorts (P < 0.05, Figure 6A and C). The 
multivariate Cox regression analysis also implied that, 
after eliminating the influence of clinical features (ie gen-
der, age, clinical stage, and TNM stage), the risk score was 
an independent prognostic factor in both cohorts. (P < 
0.05, Figure 6B and D).

To further assess the clinical value of our lncRNA 
signature, we analyzed the correlation between risk score 
and other clinical factors using a t-test. As shown in 
Table 1, the risk score was closely related to clinical 
characteristics, such as stage, tumor metastasis, and lym-
phatic metastasis, in the training cohort (P < 0.05). The 
risk score was also found to be significantly related to 
stage, tumor size, tumor metastasis, and lymphatic 

Figure 4 Prognostic value of the pyroptosis-associated lncRNA signature in the training cohort. (A) K–M survival curve of high- and low-risk groups. (B) The AUC for the 
risk scores, to predict the 1-, 3-, and 5-year OS. (C) PCA plot. (D) Distribution of risk scores. (E) Survival status of CRC patients. (F) Heatmap of the four lncRNAs.
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Figure 5 Validation of the pyroptosis-associated signature in the testing cohort. (A) Survival analysis of the high- and low-risk groups. (B) ROC curves for 1-, 3-, and 5-year 
survival prediction. (C) PCA plot. (D) Risk curve based on the risk score for each CRC patient. (E) Scatterplot based on the survival status of each CRC patient. (F) 
Heatmap of the four lncRNAs.
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metastasis in the testing cohort (Table 2). These results 
suggest that the four pyroptosis-associated lncRNAs parti-
cipate in the development of CRC.

Establishment of the Nomograph
Based on these clinical characteristics, we constructed 
a nomograph in the TCGA cohort to help professionals 
make appropriate clinical decisions when treating CRC 
patients (Figure 7A). The nomograph showed that the 
risk score is the main factor affecting the prognosis of 
CRC patients. The projected values of the 1-, 3-, and 
5-year calibration curves were very close to the actual 
values (Figure 7B–D), showing that the nomograph we 
established was accurate and dependable.

Gene Set Enrichment Analysis
The GSEA was performed to explore further functional 
differences between high- and low-risk groups in the 
TCGA cohort. The gene sets with a screening criterion of 
P < 0.05 were considered to be significantly enriched. The 

high-risk group was mainly enriched for activated tumor- 
associated pathways (Figure 8A). Surprisingly, the multiple 
metabolic pathways enriched in the low-risk group were 
associated with pyroptosis (Figure 8B). Of note, the glucose 
metabolic and leucine metabolic pathways have been 
reported to be closely linked to pyroptosis.20,21

Discussion
CRC is a common type of malignant tumor. At present, the 
treatment options for CRC include surgery, chemotherapy, 
and radiotherapy. However, these methods are far from satis-
factory, and to date, there is no effective method to accurately 
predict the prognosis of CRC patients. The aim of the present 
study was to identify a new and effective diagnostic signa-
ture, which could identify high-risk CRC patients at an ear-
lier stage enabling initiation of appropriate treatment, thus 
potentially changing the course and outcome of the disease.

Pyroptosis, a word derived from the Greek roots 
“pyro” and “ptosis”, which literally translated to “fever” 
and “falling”, is the name given to this newly discovered 

Figure 6 Univariate and multivariate Cox regression analyses of the risk scores and clinical characteristics relating to OS in the training cohort (A and B) and the testing 
cohort (C and D).
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type of inflammatory programmed cell death.22 Pyroptosis 
is rapidly emerging as an area of focus in cancer research, 
and recent studies have found that pyroptosis plays an 
important role in tumorigenesis.23 Therefore, the biomar-
kers associated with pyroptosis are expected to yield new 
therapeutic targets and diagnostic biomarkers. Recent stu-
dies have found that lncRNA is one of the factors that 
regulate pyroptosis.24,25 Here, we firstly establish 
a pyroptosis-associated lncRNA signature in the context 
of CRC, before evaluating its prognostic value.

In this study, we identified shared lncRNAs from two 
databases to ensure that the lncRNAs used to construct 
the signature were universal. Pyroptosis-associated 
lncRNAs were initially identified by constructing a co- 
expression network of pyroptosis genes and lncRNAs. 
Further, multivariate Cox regression analyses was per-
formed to construct a pyroptosis-associated lncRNA 
signature in the training cohort. CRC patients were 
subdivided into high- and low-risk groups based on 
their risk scores, with the CRC patients in the high- 

Table 2 Relationship Between Clinical Features and the Risk Score in the Testing Cohort

Clinical Characteristic Group GSE39582 Cohort

n Mean SD t P

Age ≤65 219 9.686 1.635 −1.93249 0.054
>65 327 9.978 1.855

Gender Female 250 9.919 1.827 0.702639 0.483
Male 296 9.811 1.731

Stage Stage I–II 293 9.641 1.633 −3.11059 0.002
Stage III–IV 253 10.116 1.896

T T1-2 59 9.167 1.252 −4.26531 <0.001
T3-4 487 9.945 1.811

M M0 486 9.799 1.77 −2.34727 0.022
M1 60 10.36 1.744

N Negative 305 9.649 1.643 −3.11606 0.002
Positive 241 10.129 1.898

Abbreviation: SD, standard deviation.

Table 1 Relationship Between Clinical Features and the Risk Score in the Training Cohort

Clinical Characteristic Group TCGA Cohort

n Mean SD t P

Age ≤65 152 1.134 0.888 −0.4861 0.627
>65 235 1.177 0.763

Gender Female 184 1.135 0.754 −0.58148 0.561
Male 203 1.183 0.866

Stage Stage I–II 224 1.002 0.518 −4.18469 <0.001
Stage III–IV 163 1.378 1.061

T T1-2 73 1.048 0.527 −1.75316 0.081
T3-4 314 1.186 0.866

M M0 326 1.098 0.767 −2.99833 0.004
M1 61 1.492 0.969

N Negative 232 1.012 0.52 −3.965 <0.001
Positive 155 1.382 1.082

Abbreviation: SD, standard deviation.
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risk group exhibiting a worse prognosis. The found that 
our lncRNA signature was capable of predicting the 
prognosis of CRC patients with a high level of accuracy 
in but the training and testing cohorts. In addition, we 
identified the risk score as an independent prognostic 
factor in relation to tumor progression. To help clinical 
decision making, we constructed a nomogram, which 
confirmed that the lncRNA signature was an indepen-
dent predictor of CRC survival.

To further explore the biological function of lncRNAs in 
CRC, we consulted the existing literature. We found that the 
presence of the four pyroptosis-associated lncRNAs corre-
lated with tumor progression. For instance, a previous study 
has shown that ELFN1-AS1 promotes CRC by up- 
regulating TRIM44 by acting as a sponge for miR-4644,26 

which is consistent with our results. Furthermore, TNRC6C- 
AS1 was found to promote the proliferation, apoptosis, 
migration, and invasion of thyroid carcinoma by suppressing 

Figure 7 Establishment and validation of the nomogram. (A) 1-, 3-, and 5-year survival prediction is based on the risk score and other clinical factors. (B–D) Calibration 
plots for assessing the accuracy of the 1 -, 3 -, and 5-year survival rates.
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the expression of TNRC6C.27 However, there is no prior 
evidence relating to its involvement in CRC. Our study has 
for the first time shown that TNRC6C-AS1, which is 
a component of the novel lncRNA signature, acts as an 
independent predictor of CRC.

Previous work has shown that ZEB1-AS1 promotes 
CRC cell proliferation by regulating Wnt/β-catenin 
signaling,28 while PCAT6 is one of the most commonly 
reported lncRNA oncogene regulatory factors and its 

expression is upregulated in a variety of tumors, such as 
cholangiocarcinoma, glioblastoma, ovarian cancer, and col-
orectal cancer.29–32 Huang et al32 found that PCAT6 forms 
a complex with EZH2 to inhibit cell apoptosis and promote 
the progression of CRC. In addition, PCAT6 regulates 
5-fluorouracil resistance through HMGA2 signaling by tar-
geting miR-204 in CRC cells.33 The above research implies 
that these lncRNAs can be used as prognostic indicators and 
may be used as potential therapeutic targets in cancer. 

Figure 8 The result of gene set enrichment analysis. (A) GSEA showed that tumor-associated pathways were significantly enriched in the high-risk CRC patient group. (B) 
GSEA showed that the pyroptosis-associated metabolic pathways were enriched in the low-risk group.
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However, how these lncRNAs regulate cancer cells via 
pyrolysis still needs further study. Our GSEA results 
showed that the Notch signaling pathway, which is impli-
cated in the development progress of cancer,34 was enriched 
in the high-risk CRC group. The Notch signaling pathway 
plays a critical role in cancer invasion and metastasis 
through crosstalk with other signaling pathways.35

Despite our important findings, we acknowledge that 
there are some limitations in our research. Firstly, more 
experiments are needed to verify the relationship between 
the expression of lncRNAs and CRC cells. Secondly, the 
mechanism employed by pyroptosis-associated lncRNAs 
need to be further explored.

Conclusion
Our study describes the construction of a novel pyroptosis- 
associated lncRNA signature, which can be used as 
a biomarker to accurately predict the prognosis of CRC 
patients. More importantly, the signature may provide new 
insights into the treatment of CRC patients.
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