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Background: Pyroptosis is a new type of programmed cell death, accompanied by an
intense inflammatory response. Previous studies have shown that pyroptosis can modify
long-chain non-coding RNA (lncRNA), thereby affecting the occurrence and progression
of tumors. However, the underlying role of pyroptosis-related lncRNA in lung
adenocarcinoma (LUAD) remains to be elucidated. Therefore, the purpose of our study
was to evaluate the prognostic value of pyrolysis-related lncRNA in patients with LUAD.

Methods: A total of 454 LUAD samples were downloaded from The Cancer Genome
Atlas (TCGA) database. Pearson’s correlation coefficient was used to identify the
pyroptosis-related lncRNAs. Unsupervised consensus clustering was used to identify
the various LUAD molecular subtypes. A least absolute shrinkage and selection operator
(LASSO) analysis was conducted to construct a prognostic signature.

Results: An 11-lncRNA prognostic signature out of 19 identified pyroptosis-related
prognostic lncRNAs was constructed. The patients with LUAD were divided into low-
risk and high-risk groups. Patients in the high-risk group had higher score values and
mortality. The immune score, stromal score, and estimate score were lower in the high-
risk group. The risk score was an independent predictor for OS in multivariate Cox
regression analyses (HR > 1, p < 0.01). BTLA, PD-1, PD-L1, CTLA, and CD47 were lower
expressed in the high-risk group.

Conclusions: Our study identified an 11-pyroptosis-related lncRNA signature. These
findings could further clarify the role of pyroptosis in LUAD and guide the prognosis and
individualized treatment of patients.
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INTRODUCTION

Lung cancer is the leading cause of cancer-related death (1), great
progress has recently been made in the treatment of LUAD,
which includes immunological therapy and targeted
therapy (2, 3). Nevertheless, people with LUAD still have a low
overall survival (OS) rate, with an average 5-year survival of less
than 20% (4), and LUAD is the most abundant subtype of lung
cancer. The current treatment for LUAD is so limited that the
development of effective therapies is urgent. Pyroptosis is a
caspase-dependent, pro-inflammatory, programmed cell death,
accompanied by the release of a large number of inflammatory
factors (5). Both apoptosis and pyroptosis are mediated by
caspase. Compared with apoptosis, pyroptosis is a necrotic and
inflammatory cell death induced by inflammatory caspase. Given
that pyroptosis requires the participation of inflammatory
caspase, it can be distinguished from another necrotizing and
inflammatory form of programmed cell death—necroptosis and
its occurrence does not require the participation of caspase (6).
When microorganisms infect host cells exogenously or
endogenously, the pattern recognition receptor located in the
cytoplasm recognizes and binds to the corresponding ligands
through pathogen-associated molecular patterns and damage-
related molecular patterns. It forms a multi-protein complex in
the cytoplasm, activates inflammatory caspase-1 and caspase-4/
5/11, and further cleaves the GSDMD protein to perforate the
cell membrane and promote the occurrence of cell pyroptosis.
Meanwhile, the inflammasome acts on downstream molecules to
promote the activation of inflammatory cytokines, interleukin-
1b (IL-1b) and IL-18 and adhesion molecules as well as their
release to the outside of the cell through the ruptured cell
membrane to recruit and activate more inflammatory cells,
amplifying the local and systemic inflammatory response (7).
Studies have shown that the activation pathway of pyroptosis is
divided into the classic pyroptosis pathway, in which caspase-1 is
activated by inflammasomes, and the non-classical pyroptosis
pathway, in which caspase-4/5/11 is activated by cytoplasmic
lipopolysaccharide. Several reports have recently confirmed that
many pyroptosis-related molecules have a significant
relationship with tumorigenesis, tumor progression, and tumor
therapy. For example, GSDMD is a substrate of inflammatory
caspase, which causes pyroptosis by forming small holes in the
cell membrane after lysis (8). GSDME, which belongs to the same
family as GSDMD, can be activated by caspase-3 when
stimulated by chemotherapeutic drugs leading to pyroptosis (9,
10). A previous study had confirmed that the expression of
GSDMD in non-small cell lung cancer (NSCLC) tissue is
significantly higher, and is related to larger tumor size, more
advanced stages, and other more aggressive characteristics (11).
It was believed that GSDMD is an independent prognostic
marker of LUAD. Further studies have found that GSDMD
can inhibit the activation of caspase-3 and polyadenosine
ribose polymerase, thereby inhibiting NSCLC cell apoptosis
and promoting cancer cell proliferation. On the other hand,
knocking out GSDMD can inhibit the epidermal growth factor
receptor (EGFR)/AKT pathway and inhibit the proliferation of
lung cancer cells (11). A study confirmed that under the action of
Frontiers in Oncology | www.frontiersin.org 2
various small molecule inhibitors against KRAS-, EGFR-, or
ALK-driven lung cancer, the intrinsic apoptosis pathway in
mitochondria is activated, and activated GSDME mediates
apoptosis (12). As mentioned earlier, an increasing number of
studies have illustrated the relationship between pyroptosis-
related molecules and lung cancer. However, there is a mystery
as to the function and underlying mechanism of pyroptosis-
related lncRNA in LAUD.

As a subtype of RNA, lncRNAs are more than 200 nucleotides
in length (13). They can exert their functions in many biological
processes, such as tumorigenesis and apoptosis, by combining
with DNA, RNA, or specifically, protein (14, 15). Increasing
evidence has shown that lncRNAs are critical factors in the
regulation of normal or abnormal cell function status and
diseases (16). Dysfunction of lncRNAs can lead to aberrant cell
function processes, such as the progression, invasion, and
apoptosis of tumor cells, which lead to poor prognoses. In breast
cancer, for example, HOX transcript antisense RNA, whose
expression level is significantly elevated, has been validated to
have an association with the poor prognosis and metastasis (17).
Other studies have shown that the abnormal expression of colon
cancer-associated transcript 1 runs through the entire disease
process of colon cancer occurrence and development, including
colon adenoma, colon cancer, colon cancer lymphatic metastasis,
and liver metastasis (18). Many lncRNAs perform important
functions in lung cancer (19, 20). Metastasis associated with
lung adenocarcinoma transcript 1 (MALAT1) is abnormally
expressed in tumors of the breast, bladder, liver, and prostate,
especially in NSCLC (21–24). Many studies have shown that
MALAT1 participates in regulating tumor cell migration, and it
can regulate metastasis-related genes at the transcription level or
post-transcription level to enhance the migration ability of lung
cancer cells (25). Another study had confirmed that MALAT1
plays a role in lung cancer metastasis by regulating the expression
of related target genes rather than alternative splicing by
establishing a MALAT1 gene knockout model (26). However,
the expression pattern and function of lncRNA in LUAD has yet
to be systematically analyzed.

Based on the TCGA database, our study used bioinformatics
methods to analyze the differential expression of pyroptosis-
related lncRNAs in LUAD tissues and normal tissues and
employed relevant statistical methods to screen candidates and
construct a risk model, aiming to explore its potential predictive
value and analyze related biological functions. We hope our
research will help elucidate the role of pyroptosis-related lncRNA
in LUAD.
MATERIALS AND METHODS

Dataset Acquisition and Processing
The mRNA expression data of LUAD were downloaded from the
TCGA database (https://portal.gdc.cancer.gov/repository), and
we obtained corresponding clinical data. A total of 454 cases
were included in this study, which were randomly separated into
a training cohort for pyroptosis-related lncRNA signature
construction and a validation cohort for model validation.
March 2022 | Volume 12 | Article 850943
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Identification of Pyroptosis-Related
Prognostic lncRNAs
A total of 52 pyroptosis-related genes were retrieved from
previous research and literature; they are shown in
Supplementary Table S1. We screened the lncRNAs in the
TCGA cohort according to gene annotation and obtained a
total of 13,413 lncRNAs. The Pearson correlation coefficient
was conducted to evaluate the correlation between 52 pyroptosis-
related genes and lncRNAs. The lncRNA with an absolute
correlation coefficient >0.5 and a P value < 0.001 was
considered as a pyroptosis-related lncRNA, and we screened a
total of 1457 pyroptosis-related lncRNAs. Then, a univariate Cox
regression analysis of OS was performed to screen pyroptosis-
related lncRNAs with prognostic value; P < 0.05 was considered
to be related to the prognosis, a total of 19 pyroptosis-related
lncRNAs with prognostic value were screened.

Consensus Clustering
An unsupervised consensus clustering algorithm was applied to
classify all patients with LUAD into clusters according to the
similarities of the pyroptosis-related lncRNA expression levels by
using the “ConsensusClusterPlus” R package. A survival analysis
was then conducted to explore the prognosis of various clusters.
Immune cell infiltration was compared and analyzed by
CIBERSORT and ssGSEA methods.

Construction and Evaluation of the
Prognostic Model
To minimize the risk of overfitting, a LASSO Cox regression
analysis was performed to build a prognostic model in the
training cohort (27). The LASSO algorithm was used for
variable selection and shrinkage with the “glmnet” R package.
The independent variable was the normalized expression matrix
of 19 pyroptosis-related lncRNAs with prognostic value, and the
response variables were OS and status of patients in the training
cohort. Penalty parameter (l) for the model was determined by
tenfold cross-validation following the minimum criteria. The risk
score of each patient was calculated based on the standardized
expression level of lncRNA and its corresponding regression
coefficient. The formula was established as follows: score = esum
(each lncRNA expression × corresponding coefficient). We used the median
risk score as a cutoff to classify patients with LUAD into low-risk
and high-risk groups, and a Kaplan–Meier survival curve was
further employed to analyze the difference in survival prognosis
employing the “Survival” package. The “survivalROC” package
was used to draw the receiver operating characteristic (ROC)
curve of the 1-year, 3-year, and 5-year OS rates of LUAD. To
validate the predictive power of our model, the same above
formula was used for verification in the validation cohort.

Evaluation of Immune Infiltration
The estimate algorithm was utilized to calculate the immune score,
stromal score, and estimate score for each patient with LUAD
using the “ESTIMATE” package in the R software. The
CIBERSORT analytical tool was adopted to identify the
Frontiers in Oncology | www.frontiersin.org 3
abundance of 22 types of immune cells in various LUAD
clusters. Moreover, the enrichment scores of 16 immune cells
and 13 immune functions for each LUAD sample were calculated
by the "gene set variation analysis (GSVA)" package.

Function Enrichment Analysis
To explore the possible enrichment pathways among different
risk score groups, gene set enrichment analysis (GSEA) and
GSVA analysis were applied to elucidate relevant signaling
pathways in various groups, and functional enrichment
analyses were performed using the "clusterProfiler" package.

Cell Culture
A human LUAD cell line (A549, NCI-H1975) and a normal lung
epithelial cell line (BEAS-2B) were obtained from the American
Type Culture Collection (Manassas, VA, USA). All cells were
cultured in Roswell Park Memorial Institute-1640 medium
supplemented with 10% fetal bovine serum.

Tissue Samples
We collected 5 pairs of LUAD and paracancerous tissues from
surgical patients in the Tianjin Medical University General
Hospital (TJMUGH). Samples were stored at −80°C until use.
The ethics committee of TJMUGH approved this study.

RNA Isolation and Quantitative Real-Time
Polymerase Chain Reaction
Following the procedure previously described (28), we extracted
total RNA from the samples. We synthesized cDNA using a
PrimeScript RT Reagent Kit (TaKaRa). Then, cDNA was
subjected to quantitative real-time polymerase chain reaction
(RT-qPCR) by the ABI 7900HT platform (Applied Biosystems,
USA). We used b-actin mRNA as an internal reference to
normalize the 11 lncRNAs by the comparative Ct method. The
primer sequence involved in this study is shown in
Supplementary Table S2.

Statistical Analysis
The “timeROC” package was used to analyze the ROC curve.
Univariate and multivariate Cox regression analyses were
performed to determine independent prognostic factors for OS.
All the statistical analyses of the data are based on the R platform
(Version 4.0.2) and GraphPad Prism 8. If there were no special
instructions for the above analysis methods, P < 0.05 was
considered statistically significant.
RESULTS

Identification of Pyroptosis-Related
lncRNAs in LUAD
The detailed process is shown in Figure 1. A total of 454 patients
with LUAD were included in this analysis, and detailed clinical
information is shown in Supplementary Table S3. A total of 52
March 2022 | Volume 12 | Article 850943
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pyroptosis-related genes came from previous research and
literature. Employing a Pearson correlation analysis, we
identified 1457 pyroptosis-related lncRNAs. Then, a univariate
regression analysis was performed to identify 19 pyroptosis-
related lncRNAs with prognostic value in LUAD.
Consensus Clustering Categorized
Patients According to Pyroptosis-Related
Prognostic lncRNAs
To identify distinct molecular patterns based on the expression
of pyroptosis-related lncRNAs with prognostic value,
unsupervised consensus clustering was applied to separate
patients with LUAD into two clusters, with k=2 found to be
optimal clustering stability (Figures S1A–C). As shown in
Figure 2A, significant differences were observed in the
expression levels of 19 pyroptosis-related lncRNAs, with a
prognostic value between cancer and adjacent cancers. The OS
rate of patients with LUAD in cluster A was poorer (Figure 2B).
Furthermore, t-distributed stochastic neighbor embedding
demonstrated that cluster A and cluster B can be completely
distinguished (Figure 2C). We further evaluated the differences
in the tumor immune microenvironment between different
molecular patterns. Figure 2D shows the infiltration
Frontiers in Oncology | www.frontiersin.org 4
abundance of 22 types of immune cells in each cluster by
CIBERSORT analysis. Cluster A had a higher abundance of
memory-activated CD4 T cells and M2 macrophages, and a
lower abundance of T cells follicular helper compared with
cluster B. Moreover, the single-sample GSEA showed
significant differences in immune infiltrations and immune
functions between cluster A and cluster B. Cluster A had a
higher abundance of macrophages, Th2 cells, natural killer cells,
antigen-presenting cell co-stimulation, and chemokine receptors,
and a lower abundance of B cells and mast cells (Figures 3A, B).
Comparing the clinicopathological characteristics of various
clusters, the expression profiles of pyroptosis-related lncRNAs
were significantly different in LUAD (Figure 3C).

Construction and Validation of the
Pyroptosis-Related lncRNA Signature
Patients were randomly separated into training cohorts and
validation cohorts. We conducted a LASSO Cox analysis to
construct an 11-lncRNA prognostic signature using the 19
identified pyroptosis-related prognostic lncRNAs in the training
cohort. Figures S2A, B show the coefficient and partial likelihood
deviance of the prognostic signature. Patients were separated into
high-risk and low-risk groups by the median values in the training
cohort. The relative expression levels of the 11-lncRNAs were
FIGURE 1 | The entire analytical process of the study.
March 2022 | Volume 12 | Article 850943
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significantly different in the cancer and adjacent tissues
(Figure 4A). Patients in the high-risk group had higher score
values and mortality (Figures 4B, C). We performed R software
to draw the time-dependent ROC curve, the results showed that
the area under the curve for 1, 3, and 5 years reached 0.770, 0.743,
and 0.770, respectively (Figure 4D). Similar results have also been
verified in the validation cohort, suggesting that our model has a
strong prognostic value (Figures 5A–D). We also combined the
entire TCGA LUAD cohort to verify the stability of this model.
The ROC curve further demonstrated that our model has a strong
prognostic value (Figures 5E, F).

Next, to assess whether the model retains its predictive ability
in the subgroups of different clinical features, we verified the
prognosis of risk score in various groups of patients with LUAD,
which found that the high-risk group had a poor prognosis in
patients aged >65, aged ≤65 (Figures 6A, B), and by sex
subgroup (Figures 6C, D). Moreover, the high-risk group had
a poor prognosis in patients with LUAD at the N0 stage, N1-3
Frontiers in Oncology | www.frontiersin.org 5
stage (Figures 6E, F), stage I/II, stage III/IV (Figures 6G, H), T1-
2 stage, and T3-4 stage (Figures 6I, J).

Pathway Enrichment Analysis
To elucidate the potential biological functions of the 11-lncRNA
pyroptosis-related signature, GSVA and GSEA were further
performed to investigate the key pathways of various risk groups.
As shown in Figure 7A, GSVA identifiedmost metabolism-related
pathways that were enriched in the high-risk group, including
arginine and proline metabolism, the tricarboxylic acid cycle,
glycolysis, and gluconeogenesis. The GSEA analysis showed that
the high-risk group was significantly enriched in the cell cycle,
proteasome, protein processing in the endoplasmic reticulum,
DNA replication, and the ribosome (Figure 7B).

Evaluation of Immune Infiltration
We investigated the role of pyroptosis-related lncRNAs in the
LUAD tumor microenvironment . The CIBERSORT
A

D

B C

FIGURE 2 | Pyroptosis-related lncRNAs molecular patterns in the TCGA cohort. (A) Difference between normal and tumor tissue of 19 LncRNAs related to the
prognosis of LUAD. (B) Kaplan–Meier method was used to plot the OS curve for the cluster A and B. (C) tSNE analysis of cluster A and B. (D) The infiltrating levels
of 22 immune cell types in cluster A and cluster B.
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A C

B

FIGURE 3 | Distinct Clinical characteristics and immune cell infiltrations and function with molecular patterns in LUAD. (A, B) The enrichment scores of 16 immune
cells (A) and 13 immune-related functions (B) ;*P < 0.05, **P < 0.01, ***P < 0.001, and nsP > 0.05. (C) Heatmap of correlation of the two clusters with
clinicopathologic features.
A B

C D

FIGURE 4 | Prognostic analysis of 11-lncRNAs model in the TCGA training cohort. (A) Heatmap of 11 pyroptosis-related lncRNAs in the training cohort.
(B) Distribution of survival time and risk scores. (C) Survival analysis in the TCGA training cohort. (D) ROCs for 1, 3, and 5 year survival time based on the risk score.
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A B

C D

E F

FIGURE 5 | Prognostic analysis of 11-lncRNAs model in the TCGA validation cohort and entire TCGA cohort. (A) Heatmap of 11 pyroptosis-related lncRNAs in the
validation cohort. (B) Distribution of survival time and risk scores. (C) Survival analysis in the TCGA validation cohort. (D) ROCs for 1, 3 and 5 year survival time
based on the risk score. (E) Survival analysis in the entire TCGA cohort. (F) ROCs for 1, 3 and 5 year survival time based on the risk score.
A CB ED

F HG JI

FIGURE 6 | Survival analysis of clinical stratification of OS in the TCGA cohort. (A, B) age (< = 65 or > 65 years old). (C, D) gender (female or male). (E, F) N (N0 or
N1-3). (G, H) tumor stage (I–II or III-IV). (I, J) T (T1-2 or T3-4).
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demonstrated that the abundance of M0 macrophages was
positively associated with the risk score (Figure 8A). We also
calculated the immune score, stromal score, and estimate score
for each patient by the ESTIMATE algorithm; the results
demonstrated that the immune score, stromal score, and
estimate score were lower in the high-risk group (Figure 8B).
To further explore the differences in the response to
immunotherapy between the two groups, we compared the
differences in the expression of immune checkpoints. As
Frontiers in Oncology | www.frontiersin.org 8
shown in Figure 8C, B- and T-lymphocyte attenuator (BTLA),
programmed cell death (PD)-1, PD ligand 1 (PD-L1), cytotoxic T
lymphocyte-associated antigen (CTLA), and CD47 were all
elevated in the low-risk group.

Independent Prognostic Value of the
Risk Score
To determine whether the risk score can be used as an
independent factor for predicting OS, we performed a
A B

FIGURE 7 | Pathway Enrichment Analysis. (A, B) GSVA and GSEA of biological pathways between the high- and low-risk group.
A B

C

FIGURE 8 | Immune infiltration discrepancy in different risk groups. (A) The correlation of the risk scores and immune cells infiltration. (B, C) The differences of
ESTIMATE scores and expression of five common immune checkpoints in different risk groups ;***P < 0.001.
March 2022 | Volume 12 | Article 850943
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univariate Cox regression analysis on clinical parameters and the
risk score. The risk score was significantly associated with OS in
both the training and the validation cohort (HR= 3.400, 95% CI
= 2.006-5.762, P< 0.001; HR= 1.902, 95% CI = 1.205-3.003, P=
0.006, respectively) (Figures 9A, C) The multivariate Cox
regression analysis revealed that the risk score still had a
statistically significant impact on survival and prognosis after
adjusting for other confounding factors (Training cohort: HR
=3.053, 95% CI = 1.789-5.210, P<0.001; Validation cohort:
HR=1.789, 95% CI = 1.129-2.835, P = 0.013) (Figures 9B, D).

The Expression Levels of the 11
Pyroptosis-Related lncRNAs
We analyzed the differences of 11 lncRNAs in the normal lung
epithelial cell line BEAS-2B and two LUAD cell lines (A549,
NCI-H1975) by RT-qPCR. As shown in Figure 10A, there were
obvious differences in the expression of these lncRNAs, except
that the expression levels of AC004704.1 and AC024075.2 were
downregulated in the tumor cell lines, whereas the other 9
lncRNAs were upregulated. We further verified the expression
level of 11 lncRNAs in 5 pairs of LUAD tissues and adjacent
Frontiers in Oncology | www.frontiersin.org 9
tissues. Due to the small number, however, we did not find any
difference between cancer and adjacent cancer (Figures 10B–K).
DISCUSSION

LUAD is the most common NSCLC subtype among non-
smokers. Despite recent progress in cancer treatment, the OS
rate of LUAD is still disappointing due to the lack of reliable early
prognostic indicators. Therefore, it is urgent to find a biomarker
closely related to LUAD to guide individualized treatment and
accurately predict patient prognoses. In recent years, pyroptosis
has received greater attention, and its related molecules have the
potential to become biomarkers.

Pyroptosis has been extensively studied in various cancers,
and many molecules related to pyroptosis participate in the
tumorigenesis and progression of cancer. For example, the
expression level of GSDMB in breast cancer cells is higher than
that in normal breast tissue and is related to the high metastasis
rate and low patient survival rate (29). In a study on the
A B

C D

FIGURE 9 | Forrest plot of the univariate and multivariate Cox regression analyses regarding OS in the TCGA training cohort (A, B) and the TCGA validation
cohort (C, D).
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correlation between GSDME methylation and various
clinicopathological parameters, with breast cancer as an
example, the GSDME promoter methylation value of lobular
adenocarcinoma was significantly higher than that of ductal
adenocarcinoma (30). This study also observed a significant
correlation between GSDME promoter methylation and tumor
stage, with the highest degree of methylation in stage III, and the
same degree of methylation in stages I and II (30).

Increasing data show that lncRNA abnormalities, such as
overexpression, deletion, or mutation, have a driving effect on
the malignant biological behavior of tumors, such as tumor
Frontiers in Oncology | www.frontiersin.org 10
formation, progression, metastasis, and recurrence. For
example, MALAT1 can promote tumor metastasis chiefly by
regulating epithelial-to-mesenchymal transition in NSCLC.
Some scholars used miR-101-3p to knock down MALAT1,
thereby inhibiting the growth and metastasis of NSCLC via the
PI3K/AKT signaling pathway (31). One study had indicated that
miR-142-3p exerts a tumor suppressor effect in NSCLC by
inhibiting the MALAT1/b-catenin signaling pathway. In short,
lncRNA participates in many important biological processes of
LUAD. Nevertheless, pyroptosis-related lncRNAs in LUAD
deserve more attention (32).
A

B C D E

F G H

I J K

I

FIGURE 10 | (A) Expression levels of 11 pyroptosis-related lncRNAs in the normal lung epithelial cell line BEAS-2B and two LUAD cell lines (A549, NCI-H1975) by
RT-qPCR. (B–K) Expression levels of 11 pyroptosis-related lncRNAs in LUAD tissues and corresponding normal tissues by RT-qPCR. Data represent the mean ±
SD. *P < 0.05, **P < 0.01, ***P < 0.001. P values were determined by one-way ANOVA.
March 2022 | Volume 12 | Article 850943
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In this study, a model of 11 pyroptosis-related lncRNAs in
LUAD was constructed with a LASSO Cox regression analysis
and other bioinformatics analyses. We constructed a model of 11
pyroptosis-related lncRNAs with prognosis value, and it
successfully predicted OS (Figure 4). None of the 11 lncRNAs
(AC004865.2, AC004704.1, LINC02390, AC0109992,
AC024075.2, AP0051372, AC026368.1, AC012085.2,
LINC02178, AC026355.2 and AC090559.1) have previously
been reported in LUAD and other cancers. They could become
potential prognostic markers, and need to be further explored
and studied in LUAD.

A similar study established a signature of seven pyroptosis-
related lncRNAs to predict the prognosis of patients with LUAD
through bioinformatics analysis, which could function as
prognostic biomarkers for LUAD (33). The AUCs of the seven
pyroptosis-related lncRNAs signature in the training and
validation cohorts were respectively 0.757 and 0.728 at 1 year.
In contrast, the prediction results of the model in this study at 1
year are 0.770 and 0.747, respectively, indicating that the
proposed model is slightly more predictable. In addition, the
signature was also more predictive at long-term follow-up, with
5-year AUCs of 0.77 and 0.73 in the training cohort and
validation cohort, respectively. (Figures 4D, 5D, F).

We further explored whether the signature we constructed
maintained its predictive ability in subgroups with different
clinical characteristics. The results show that the model
accurately distinguished high- and low-risk groups, regardless
of age, sex, and pathological stage (Figure 6).

The results of the GSVA and GSEA identified pathways
significantly enriched in high-risk groups, including cell cycle,
DNA replication, proteasome, protein processing in the
endoplasmic reticulum, and ribosome pathways (Figures 7A,
B). Our results were similar to a previous study reporting that the
expression of GSDMD was reduced in gastric cancer tissues, and
the reduction in GSDMD expression significantly promoted
tumor proliferation in vivo and in vitro. GSDMD regulates cell
cycle-related proteins in gastric cancer through a series of
pathways to accelerate S/G2 cell transformation (34). This
result implies that pyroptosis could have a protective effect on
NSCLC cells, which could be used as a potential diagnosis and
treatment strategy.

To explore the influence of pyroptosis-related lncRNAs on
the LUAD tumor microenvironment, the proportion of 22
immune cell types were calculated stromal score, immune
score, and estimate score for each patient were obtained
(Figure 8). A recent study confirmed that cytotoxic
lymphocytes kill tumor cells via pyroptosis. Granzyme A
induces pyroptosis by hydrolyzing GSDMB, which results in
tumor cell death, indicating that pyroptosis positively affects the
tumor immune response process (35). However, the influence of
pyroptosis on the tumor microenvironment and immunotherapy
is still unclear. The relationship between pyroptosis and
immunity needs to be further explored and verified.

We also found that the expression levels of BTLA, PD-1, PD-
L1, and CTLA increased in the low-risk group (Figure 8C). The
Frontiers in Oncology | www.frontiersin.org 11
discovery of PD-1 and PD-L1 has made their mechanism
involving the occurrence and development of tumors an
important research topic. Researchers have explored the
expression of PD-1 and PD-L1 in a variety of cancers and
related immunotherapies. The results show that the model
might provide guidance for future immunotherapy.

Our study has limitations. First, our study methods were not
comprehensive. Experiments exploring different aspects of
molecular biology are necessary to further analyze the
mechanism of pyroptosis-related lncRNAs in the tumorigenesis
and development of LUAD. Second, the model was only
validated in the TCGA validation cohort; thus, it needs to be
further externally validated in larger sample sizes and different
LUAD cohorts.

In short, an 11-pyroptosis-related lncRNA prognostic
signature was constructed, which could function as an
independent prognostic variable for patients with LUAD. We
hope this model will be useful as a reference to predict patient
survival and guide related treatments for patients with LUAD.
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