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Background: Pyroptosis is critically associated with cancer initiation and progression,
which can be modulated by diverse long noncoding RNAs (IncRNAs). However, the roles
of pyroptosis-related IncRNAs in soft tissue sarcomas (STS) are still largely unknown.
Methods: Our study included a total of 259 STS patients extracted from The Cancer Genome
Atlas Sarcoma (TCGA-SARC) dataset. Gene expression data fragments per kilobase of transcript
per million mapped reads (FPKM) values were downloaded from The Cancer Genome Atlas
(TCGA) and Genotype-Tissue Expression (GTEx) for the investigation of the expression pattern of
pyroptosis-related IncRNAs. Unsupervised clustering based on pyroptosis-related IncRNAs was
performed, and the associations of pyroptosis-related IncRNAs with clinical outcomes and immune
microenvironment were investigated. Two risk signatures for overall survival (OS) and disease-free
survival (DFS) were constructed and validated in independent cohorts.

Results: A total of 166 pyroptosis-related IncRNAs were identified in STS. Patients were
clustered into two subgroups by unsupervised clustering, and cluster 2 had better prognoses, higher
immune scores, higher abundance of immune cells, and higher expression of some immune
checkpoints. OS- and DFS-risk signatures based on 10 and 13 pyroptosis-related IncRNAs,
respectively, with favorable discrimination were constructed and validated. High-risk patients
had favorable prognoses, and receiver operating characteristic (ROC) curves showed that both
risk signatures could function as excellent predictors for prognoses of STS patients. Besides, the
OS-risk signature could also excellently predict the immune landscape of STS.

Conclusion: In conclusion, our study revealed the clinical significance and critical roles of
pyroptosis-related IncRNAs in STS, and constructed novel risk signatures based on pyrop-
tosis-related IncRNAs that could effectively predict clinical outcomes and immune micro-
environment in STS.

Keywords: pyroptosis, immune microenvironment, prognostic signature, soft tissue
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Introduction

Soft tissue sarcomas (STS) are a class of heterogeneous and rare malignancies that
originate from mesenchymal tissues.! Although STS account for only 1% of human
malignant tumors, they consist of more than 70 histological types.' Despite progresses in
surgery and chemotherapy for STS patients in past decades, the 5-year survival rate of
patients with advanced STS is only approximately 27%.> Besides, about 50% patients
with STS eventually develop metastases, which has become an obstacle for the treatment
of STS."* Therefore, developing effective biomarkers and novel therapeutic targets for
STS patients are urgently needed.

Received: 24 August 2021
Accepted: 4 November 2021
Published: 16 November 2021

International Journal of General Medicine 2021:14 8263-8279 8263
© 2021 Lin et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
v No

and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


mailto:shijiechencsu@163.com
mailto:liutang1204@csu.edu.cn
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Lin et al

Dove

Pyroptosis is an inflammatory form of cell death, which is
typically characterized by the release of inflammasomes and
cell swelling and lysis.>”’ Multiple lines of evidence have
indicated that pyroptosis plays critical roles in cancer initiation
and development, and multiple pyroptosis-related molecules,
such as gasdermin proteins, inflammatory vesicles, and proin-
flammatory cytokines, can modulate cellular proliferation,
invasion and metastasis in human malignancies.*'® For
instance, NLRP3, which is downregulated in hepatocellular
carcinoma tissues, is connected with clinicopathological para-
meters of hepatocellular carcinoma patients, indicative of the
role of NLRP3 inflammasome in hepatocellular carcinoma
progression. Furthermore, it has been found that 17B-
estradiol could promote pyroptosis by stimulating NLRP3
inflammasome in hepatocellular carcinoma, thus inhibiting
tumor growth.'" Moreover, pyroptosis plays an important
role in modulating tumor immune microenvironment. Using
single-cell RNA sequencing, it has been found that pyroptosis-
inducible therapy can increase the abundance of CD4+ T cells,
CD8+ T cells and natural killer cells (NK cells), while inhibit-
ing the infiltration of monocyte and neutrophil in breast 4 T1
tumors. Moreover, breast 4 T1 tumor cells pyroptosis can
stimulate the polarization of macrophage M1."* Induction of
pyroptotic tumor cells death by various therapeutic strategies
and combination of pyroptosis-based therapy with immu-
notherapy have provided novel insights into cancer
treatment.'> However, the regulatory mechanisms controlling
pyroptosis in human cancers are still inconclusive and remain
to be investigated.

Long noncoding RNAs (IncRNAs) are a group of
ncRNAs longer than 200 nt in length without protein-
coding potential."* LncRNAs have been found to modulate
various cellular functions in physiology and pathology.ls*17
Growing evidence has demonstrated that IncRNAs are inti-
mately correlated with cancer initiation and progression via
modulating diverse molecules, such as microRNAs
(miRNAs), DNAs and proteins.'"® > Notably, several
IncRNAs have been characterized as critical modulators of
pyroptosis in human malignancies. For instance, IncRNA-
XIST has been found to inhibit pyroptosis through upregu-
lating SOD expression via sponging miR-335 in non-small
cell lung cancer®' Similarly, IncSNHG7 could inhibit
NLRP3-induced pyroptosis by sponging miR-34a to induce
SIRT1 in liver cancer.>? However, there were few studies
regarding the comprehensive roles of pyroptosis-related
IncRNAs in cancer development, and functions and mechan-
isms of IncRNAs in modulating pyroptosis in STS remain
largely unknown. Thus, understanding the regulatory

mechanisms of pyroptosis-related IncRNAs in STS progres-
sion is of great significance for developing novel therapeutic
targets and biomarkers for STS patients.

Herein, based on GDC TCGA-SARC dataset, we identi-
fied prognostic pyroptosis-related IncRNAs in STS, and then
conducted consensus clustering based on prognostic pyropto-
sis-related IncRNAs to explore the correlations of pyroptosis-
related IncRNAs with the prognosis and immune landscape.
Finally, we constructed two pyroptosis-related IncRNA-based
risk signatures for OS and DFS of STS patients. Our study
comprehensively investigated the prognostic value of pyrop-
tosis-related IncRNAs and their roles in tumor immune micro-
environment in STS, thus shedding light on the promising
roles of pyroptosis-related IncRNAs as novel prognostic bio-
markers and efficient therapeutic targets for STS patients.

Materials and Methods

Data Acquisition

The transcriptome profiling data (FPKM values) of
TCGA-SARC cohort and the GTEx cohort from TCGA
(https://portal.gdc.cancer.gov/) and the UCSC Xena brow-
ser (https://xenabrowser.net/) were downloaded and

normalized.® A total of 450 normal and 263 tumor sam-
ples were included from both TCGA-SARC and GTEx
databases. The clinical data of STS patients were also
obtained from the UCSC database. The clinical features
of STS patients involved in this study are listed in Table 1.

Identification of Pyroptosis-Related
IncRNAs

Based on previous publications, a total of 33 pyroptosis-
related genes were selected for the following analysis
(Table S1).>*%7 Besides, 14,081 IncRNAs from the TCGA
and the GTEx datasets were annotated by Genome Reference
Consortium Human Build 38 (GRCh38) IncRNAs annota-
tion data from the GENCODE website. Afterwards, Pearson
correlation analysis was performed between pyroptosis-
related genes and IncRNAs in STS samples. The IncRNAs
with correlation |coefficients|>0.4 and p<0.001 were consid-
ered as pyroptosis-related IncRNAs.

Consensus Clustering
By using the “ConsensusClusterPlus” R package,”® all 259
STS patients were categorized into different clusters by the
expression of prognostic pyroptosis-related IncRNAs. The
optimal k value of -clusters

was confirmed by

a combination of CDF and consensus matrices.
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Table | Clinical Characteristics of STS Patients in the Study

Characteristics (n; %) TGCA-SARC (n=259)
Age

< 60 128 (49.4)
> 60 131 (50.6)
Gender

Male 118 (45.6)
Female 141 (54.4)
Histological type

DDLPS 58 (22.4)
LMS 104 (40.2)
MFS 25 (9.6)
SS 10 (3.9)
UPS 51 (19.7)
Other Il 4.2)
Metastasis

Yes 56 (21.6)
No 120 (46.3)
Unknow 83 (32.0)
Margin status

Positive 73 (28.2)
Negative 136 (52.4)
Unknow 40 (15.4)
Recurrence

Yes 29 (11.2)
No 143 (55.2)
Unknow 87 (33.6)
Radiotherapy

Yes 74 (28.6)
No 179 (69.1)
Unknow 6 (2.3)

Abbreviations: DDLPS, dedifferentiated liposarcoma; LMS, leiomyosarcoma; MFS,
myxofibrosarcoma; SS, synovial sarcoma; UPS, undifferentiated pleomorphic
sarcoma.

Assessment of Immune

Microenvironment

The immune, stroma and ESTIMATE scores were calculated
utilizing Estimation of Stromal and Immune cells in Malignant
Tumor tissues using Expression data (ESTIMATE) analysis
by utilizing R package “estimate”** CIBERSORT was
adopted to investigate the infiltration of 22 subtypes of
immune cells.*® Furthermore, the relationship between the
infiltration of immune cells and the risk score was investigated
via Spearman correlation analysis. Wilcoxon rank-sum test or
the Kruskal-Wallis test was utilized to evaluate the differences
on the expression of immune checkpoints, immune scores, and
the infiltration of immune cells between subgroups.

Construction and Validation of Risk

Signature

To comprehensively illustrate the prognostic significance of
pyroptosis-related IncRNAs in STS, STS patients with fol-
low-up data, including 259 patients with overall survival
(OS) data, and 231 patients with disease-free survival
(DFS) data, were included for the construction of prognostic
signatures. All patients with STS were randomly categorized
into a training set and a validation set, respectively, at a 1:1
ratio in R. To construct predictive OS-related and DFS-
related risk signatures in clinical settings, univariate Cox
regression analysis was utilized to confirm the prognostic
pyroptosis-related IncRNAs. We then adopted a LASSO ana-
lysis with p=0.05 and 10-fold cross validation to select
prognosis-specific pyroptosis-related IncRNAs for two OS-
related and DFS-related risk signatures. The following for-
mula was applied to calculate the risk scores of all patients
using the derived coefficients: RiskScore = Y fi x Gi (B; is
the coefficient of gene i; G; is the expressioﬁ:{)/alue of gene;
n is the number of genes included in the risk model). Next, all
patients were separated into high- and low-risk subgroups
according to the median value of risk scores in the training
cohort.

Function Enrichment Analysis

To investigate the molecular heterogeneity between the high-
risk group and the low-risk group, differential expression
analyses were conducted between high and low-risk groups
using the R package “limma”. Differential expressed genes
(DEGs) were confirmed by log2-fold change (log2 FC) and
false discovery rate (FDR) based on thresholds of [log2FC[>1
and FDR < 0.05. Next, Gene Ontology (GO) terms and
Kyoto Encyclopedia of Genes and Genomes (KEGG) path-
way enrichment analyses were conducted to explore the
potential biological functions and signaling pathways of

CEINT3

DEGs by utilizing R packages “clusterProfiler”, “enrich-

plot”, and “ggplot2”.

Statistical Analysis

R programming language 4.0.2 was employed to conduct
all statistical analysis. Kaplan—Meier survival curves and
log-rank analysis were applied to assess the differences in
survival time between subgroups. Besides, we applied
time-dependent ROC curve analysis via “survivalROC”
R package to evaluate the predictive performance of the
risk model. The independent prognostic value of the risk
signature was confirmed by univariate and multivariate
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Cox regression. Subgroups based on different clinical were
investigated for comprehensive assessment of the stability
of risk signature. The differences between subgroups were
explored by utilizing Student’s #-test and Wilcoxon signed-
rank test. P<0.05 indicated statistically significant for all
analyses.

Results

|dentification of Prognostic
Pyroptosis-Related IncRNAs in STS

The flowchart of our investigation is shown in
Figure 1. First, a total of 14,081 IncRNAs were
extracted from both TCGA-SARC and the GTEx data-
sets for the following analysis. Next, the expression

profiles of these 33 pyroptosis-related genes were eval-
uated, and Pearson correlation analysis was performed
to select pyroptosis-related IncRNAs. A IncRNA that
was related to one or more pyroptosis-related genes (|
coefficient| > 0.4 and p < 0.001) was regarded as
IncRNAs. As a
a total of 166 pyroptosis-related IncRNAs were identi-
fied (Table S2). The correlation network between 166
IncRNAs and 20 pyroptosis-related genes is shown in

pyroptosis-related consequence,

Figure 2A. Furthermore, we conducted univariate Cox
regression to screen pyroptosis-related IncRNAs that
were remarkably connected with OS in STS. In con-
sequence, 24 pyroptosis-related IncRNAs were closely
connected with OS of patients with STS. The forest

TCGA/ GTEx datasets
(Tumor:263;Normal:450)

33 pyroptosis-related
genes

> |< | Pearson R| > 0.4

| 14081IncRNAs |

p < 0.001

Consensus Clustering
based on pyroptosis-related [<——]
prognostic IncRNAs

166 pyroptosis-related
IncRNAs in tumor samples

Pyroptosis-related IncRNAs identificatioﬂ

Pyroptosis-related IncRNAs

based risk signatures

N

OS risk signature

J

N

PFS risk signature

y

Training
130 patients

Validation
129 patients

Training
115 patients

Validation
116 patients

Survival analysis

ROC analysis

Independent
prognostic analysis

Immune landscape

GO/KEGG analysis

[Construction and validation of risk signaturﬂ

Figure | Flow chart of this study.
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Figure 2 Identification of méA-related IncRNAs in STS. (A) The network of 166 pyroptosis-related IncRNAs and 20 pyroptosis-related genes. (B) The forest plot of 24
prognostic pyroptosis-related IncRNAs. (C) The heatmap of 24 prognostic pyroptosis-related IncRNAs in both tumor and normal samples. (D) The box plot of 24

prognostic pyroptosis-related IncRNAs in both tumor and normal samples.

plot shows the hazard ratio (HR) with 95% confidence
interval (CI) of these 24 pyroptosis-related IncRNAs
(Figure 2B). Besides,
levels of 24 prognostic pyroptosis-related IncRNAs

differences on the expression

between 263 STS and 450 normal samples were inves-
tigated. As a result, the expression levels of 10 prog-
IncRNAs
higher, whereas the expression levels of 14 prognostic

nostic  pyroptosis-related were notably

pyroptosis-related IncRNAs were significantly lower in
tumor samples in comparison with normal soft tissue
samples (p<0.05) (Figure 2C and D).

Pyroptosis-Related IncRNAs Correlated
with Prognosis and Immune Landscape in
STS by Consensus Clustering

According to the seclected prognostic pyroptosis-related
IncRNAs, we employed unsupervised clustering methods
to categorize patients into different clusters. The elbow
method in combination with the gap statistic validated the
optimal number of clusters (Figure S1). Subsequently, the
259 STS patients were classified into two clusters: cluster 1
(n=73) and cluster 2 (n=186) (Figure 3A). Subsequently, we
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performed survival analysis to discover whether the prog-
nosis of patients between clusters displayed significant dif-
ferences. The results showed that patients in cluster 1

A consensus matrix k=2

01 23 45 6 7 8 9 1011 1213 14 15 16
Time(years)

Number at risk
186150101 65 51 38 23 16 9 4
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Figure 3 Consensus Clustering based on prognostic pyroptosis-related IncRNAs in
STS. (A) Consensus clustering matrix for k = 2. (B) Kaplan—Meier analysis of
patients in cluster | and cluster 2 subgroups. (C-E) Immune, stroma and
ESTIMATE scores in cluster | and cluster 2 subgroups. (F) The abundance of 22
immune cell types in cluster | and cluster 2 subgroups. (G—P) The significantly
different abundance of macrophages MO, NK cells resting, macrophages MI, acti-
vated CD4+ memory T cells, CD8+ T cells, follicular helper T cells, gamma delta
T cells, regulatory T cells and monocytes between clusters.

showed markedly shorter survival time compared with
patients in cluster 2 (p=0.009) (Figure 3B).

To clarify the correlation between pyroptosis-related
IncRNAs and immune landscape of STS, we further analyzed
the differences in immune landscape between clusters. The
results of ESTIMATE analysis showed that stromal
(p<0.0001), immune (p<0.001), and ESTIMATE (p<0.0001)
scores were all notably higher in cluster 2 compared with
cluster 1 (Figure 3C-E). Next, we explored the infiltration of
immune cells into two clusters. The abundance of 22 infiltrat-
ing immune cells in two clusters is shown in Figure 3F. In
cluster 1, the proportions of macrophages MO (p<0.001) and
NK cells resting (p=0.0039) were remarkably higher, while
cluster 2 had higher proportions of macrophages Ml
(p<0.001), activated CD4+ memory T cells (p=0.0037), CDS8
+ T cells (p<0.001), follicular helper T cells (p=0.0076),
gamma delta T cells (p=0.017), regulatory T cells (p=0.0033)
and monocytes (p<0.001) (Figure 3G—P). Meanwhile, we ana-
lyzed the differences on the expression of several immune
checkpoints between clusters. A significant increase in the
expression of PD-L1, IDO1, LAG3, TIGIT, CD96 and CD26
was observed in cluster 2 (Figure 4A—F). Furthermore, linear
relation was observed between several pyroptosis-related
IncRNAs and immune checkpoints (Figure 4G-L). As
a result, several pyroptosis-related IncRNAs, such as IRF1-
AS1 and PSMBS8-ASI1, were positively correlated with the
expression of these immune checkpoints. In summary, these
outcomes suggested that pyroptosis-related IncRNAs had
a close relationship with the immune microenvironment
in STS.

Construction and Validation of Two Risk
Signatures Based on Pyroptosis-Related

IncRNAs

OS-related and DFS-related pyroptosis-related IncRNAs
were screened out by univariate Cox regression analysis,
and then LASSO regression analysis was utilized to confirm
10 pyroptosis-related IncRNAs and 13 pyroptosis-related
IncRNAs for the construction of OS- and DFS-risk signa-
tures, respectively (Figures 5A, B, 6A and B). Furthermore,
risk scores of all STS patients were calculated by combining
the expression level of pyroptosis-related IncRNAs with the
coefficient, and all patients were categorized into high- and
low-risk subgroups by the median value of risk scores.
According to the risk plot, high-risk patients presented
shorter survival time and lower survival rate in both OS
and DFS risk signatures (Figures 5C, D, 6C and D). In
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Figure 4 Pyroptosis-related IncRNAs were correlated with the expression of immune checkpoints. (A—C) The expression of immune checkpoints (A) IDOI, (B) PD-LI,
(C) LAG3, (D) TIGIT, (E) CD96, (F) CD27 was significantly higher in cluster 2. (G-L) Co-expression analysis of immune checkpoints and 24 prognostic pyroptosis-related

IncRNAs.

addition, the heatmap clearly presented the differential
expression patterns of 10 OS-related pyroptosis-related
IncRNAs and between the high-risk and low-risk subgroups

(Figures SE and 6E). In terms of survival probability, high-
risk scores were related with worse OS (p<0.001) and DFS
(p<0.001) than those with lower risk, as shown in the
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Kaplan—Meier survival curves (Figures SF and 6F). To eval-
uate the predictive performance of the OS-risk signature, we
employed the time-dependent ROC curve and observed
excellent outcomes. The 1-/3-/5-year area under ROC curve
(AUC) of the OS risk model was 0.767, 0.749 and 0.758,
respectively (Figure 5G). As for the DFS risk signature, the
1-/3-/5-year AUC was 0.779, 0.789 and 0.820, respectively
(Figure 6G). Moreover, we investigated the predictive cap-
ability of two risk signatures for the prognosis of patients
with STS. Univariate Cox regression analysis revealed the
close relationship of the OS risk signature with the prognosis
of STS patients (HR=2.438, 95% CI=1.590-3.737; p<0.001)
and the DFS risk signature (HR=2.438, 95% CI=1.590-
3.737; p<0.001), and multivariate Cox regression analysis
indicated the capability of the OS risk signature (HR=2.658,
95% CI=1.558-4.529; p<0.001) and the DFS risk signature
(HR=2.656, 95% CI=1.558-4.529; p<0.001) to function as
a prognostic predictor independently (Figures SH-I and
6H-).

To strengthen the credibility of prognostic prediction, the
independent validation cohort was utilized to assess the pre-
dictive performance of the OS- and DFS-risk signatures. The
same analysis method as previously described were applied to
the validation cohort. Risk score and survival plots showed that
high-risk patients presented worse clinical outcomes in both
signatures (Figure 7A, B, F and G). The differential expression
patterns of pyroptosis-related IncRNAs between subgroups
were also observed in two risk signatures (Figure 7C and H).
Kaplan—Meier test revealed that low-risk patients experienced
a longer survival time in comparison with high-risk patients in
both risk signatures (Figure 7D and I). The AUC value for OS
at 1-, 3-, and 5-year was 0.719, 0.697 and 0.763, respectively
(Figure 7E), and the 1-/3-/5-year AUC for DFS was 0.745,
0.733, 0.787, respectively (Figure 7J), verifying the high sen-
sitivity and specificity of the two risk signatures for survival
prediction. Furthermore, univariate and multivariate Cox
regression analyses validated the two signatures could function
as independent biomarkers for the prognosis of STS, respec-
tively (Figure 7K and L). In general, these results were all in
good concordance with the training cohort, indicating the
robustness of the two signatures as prognostic predictors.

Risk Signature Correlated with Immune

Microenvironment

To verify the roles of pyroptosis-related IncRNAs in tumor
immune microenvironment in STS, we further employed the
OS signature to analyze the relationship between the risk score

and the immune landscape in STS. The correlations between
the risk score and the expression level of immune checkpoints
in STS are shown in Figure 8. The results revealed that patients
in low-risk group showed higher expression levels of some
immune checkpoints, including PD-L1 (p<0.001), IDO1
(p<0.001), LAG3 (p<0.001), TIGHT (p<0.001), CD96
(p<0.001) and CD27 (p<0.001) (Figure 8A-F). The risk
score also showed significant correlations with the infiltration
of immune cells, which was negatively correlated with macro-
phages M1 (R=-0.34, p<0.0001), monocyte (R=—0.18,
p=0.019), CD8+ T cells (R=—0.46, p<0.001), T cells follicular
helper (R=—0.25, p<0.001) and T cells regulating (R=—0.21,
p=0.0056), except for macrophages M0 (R=0.3, p<0.0001)
and NK cells resting (R=0.27, p<0.001) (Figure 8G-M). In
general, pyroptosis-related IncRNAs were remarkably con-
nected with the immune microenvironment in STS, and pyr-
optosis-related IncRNAs might influence the prognosis of STS
patients via modulation of immune landscape.

GO Enrichment and KEGG Pathway
Analysis

To further explore the potential biological processes and path-
ways resulting in the molecular heterogeneity between the
high- and low-risk groups, differential analysis was conducted
to confirm 77 DEGs between the high- and low-risk groups in
the OS risk signature (Table S3). GO analysis suggested that
DEGs were mainly involved in lymphocyte mediated immu-
nity, immunoglobulin complex and antigen binding in biolo-
gical process, cellular component, and molecular function,
respectively (Figure 9A and B). KEGG pathway analysis
showed that DEGs were mainly enriched in hematopoietic
cell lineage, primary immunodeficiency and T cell receptor
signaling pathway (Figure 9C and D). In addition, these DEGs
were also found to be highly enriched in several immune-
related biological processes and pathways, such as PD-L1
expression and PD-L1 checkpoint pathway in cancer, Thl
and Th2 cell differentiation, and humoral immune response.
These findings revealed that the pyroptosis-related risk model
had significant immune-related functions and processes, and
pyroptosis-related IncRNAs might play an important role in
STS progression via modulating immune-related pathways.

Discussion

In the present study, we comprehensively investigated the
roles of pyroptosis-related IncRNAs in STS. First, we
identified pyroptosis-related IncRNAs that had prognostic
value in STS patients, and then defined 2 clusters by the
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Figure 7 Validation of OS and DFS signatures. (A and B) Risk score and survival status of each patient in the OS signature. (C) Heatmap of 10 pyroptosis-related IncRNAs
in the OS signature. (D) Kaplan—Meier analysis of patients in the high risk and low risk groups in the OS signature. (E) Time-dependent ROC analysis of risk score in
predicting prognoses in the OS signature. (F and G) Risk score and survival status of each patient in the DFS signature. (H) Heatmap of 10 pyroptosis-related IncRNAs in the
DFS signature. (I) Kaplan—Meier analysis of patients in the high risk and low risk groups in the DFS signature. (J) Time-dependent ROC analysis of risk score in predicting
prognoses in the DFS signature. (K and L) Univariate and multivariate Cox analyses of the risk score and clinical variables in the in the OS signature. (M and N) Univariate
and multivariate Cox analyses of the risk score and clinical variables in the in the DFS signature.

expression pattern of prognostic
IncRNAs in STS patients. Next, the differences in prog-
nosis and immune landscape between clusters were

pyroptosis-related

investigated. Furthermore, we constructed and validated
an OS risk model based on 10 pyroptosis-related
IncRNAs, and a DFS risk model based on 13 pyroptosis-
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Figure 8 The correlations between the risk score and immune microenvironment in STS. (A—F) The correlations between the risk signature and the expression of immune
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Figure 9 Results of GO and KEGG analyses. (A and B) GO analysis of DEGs between the high- and low-risk groups. (C and D) KEGG pathway analysis of DEGs between

the high- and low-risk groups.

related IncRNAs for STS patients. To the best of our
knowledge, this is the first study to explore the functions
of pyroptosis-related IncRNAs and construct risk signa-
tures based on pyroptosis-related IncRNAs in STS.

A total of 259 STS patients were extracted from GDC
TCGA-SARC, and 166 pyroptosis-related IncRNAs were
confirmed from STS. Then, we confirmed that 24 pyrop-
tosis-related IncRNAs that could function as prognostic
biomarkers in STS, and consensus clustering according
the
IncRNAs was conducted to divide STS patients into two

to expression of prognostic pyroptosis-related
clusters. The survival analysis showed that patients in
cluster 2 presented favorable prognoses, and higher
immune, stromal and ESTIMATE scores. There were
also significant differences in the infiltration of immune

cells and the expression of immune checkpoints between
clusters. We revealed that cluster 2 had a higher abundance
of several infiltrating immune cell types, including macro-
phage M1, CD4+ memory activated T cell, CD8+ T cell,
T cell follicular helper, T cell gamma delta, T cell regula-
tory and monocyte, whereas a lower abundance of macro-
phage MO and NK cell resting. Additionally, the
expression levels of IDO1, PD-L1, LAG3, TIGIT, CD96
and CD27 were significantly higher in cluster 2.

Among these prognostic pyroptosis-related IncRNAs in
STS, several IncRNAs have been reported to play crucial
roles in cancer initiation and development. For instance,
IGF2-AS, which is upregulated in gastric adenocarcinoma
tissues, has been found to promote gastric adenocarcinoma
cell proliferation and migration by inducing SHOX2 via
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sponging miR-503.*" Via sponging miR-4500 to upregu-
late BACHI1 expression, TRG-AS1 could promote cellular
proliferation, migration and epithelial-mesenchymal tran-
sition (EMT) in hepatocellular carcinoma.’® In tongue
squamous cell carcinoma, TRG-AS1 can promote YAP1
activity via sponging miR-543, thus promoting cell prolif-
eration, invasion and migration, while inhibiting cell
apoptosis.*> LINC01857, which is upregulated in glioma
tissues, has been confirmed to have a significant relation-
ship with worse prognoses of patients with glioma.
Mechanistically, LINC01857 could function as a sponge
of miR-1281 to stimulate TRIM65, and promote glioma
cell migration and invasion.>* However, the biological
functions and underlying mechanisms of most pyroptosis-
related IncRNAs in modulating STS development have not
been comprehensively investigated.

To further verify the clinical significance of pyroptosis-
related IncRNAs in STS, we constructed an OS-risk based
on 10 and a DFS-risk signatures based on 13 pyroptosis-
related IncRNAs, and then successfully validated the two
risk signatures in the independent cohort. The differences
in OS and DFS status between high- and low-risk STS
patients were significant in the two cohorts. In addition,
the two risk signatures were both relevant to prognoses of
STS patients, and the 5-year AUCs of the two risk signa-
tures were all higher than 0.75, indicating the satisfactory
performance in predicting the prognosis of STS patients.
The results of univariate and multivariate Cox analyses
identified that both risk signatures can be employed inde-
pendently for predicting the prognosis of patients
with STS.

There is increasing evidence that pyroptosis is criti-
cally involved in modulating tumor immune microenvir-
onments, and has effective anti-tumor immunity
functions.'>*>** BRAF and MEK inhibitors could induce
GSDME-dependent pyroptosis to modulate tumor immune
microenvironment, and BRAF and MEK inhibitors resis-
tant melanoma cells displayed the loss of GSDME clea-
vage and pyroptosis, thus highlighting the role of
GSDME-dependent pyroptosis in anti-tumor immune
response.”’ In addition, very recent works have indicated
that tumor cells induce the recruitment of tumor-
suppressed immune cells via the induction of pyroptosis.
It has been found that CD8+ T cells and NK cells can
reciprocally stimulate tumor cells pyroptosis through gran-
zyme B (an enzyme that can cleave GSDME) in the
pyroptosis-induced tumor microenvironment, thus con-
structing a positive feedback loop between tumor cells

and immune microenvironment.'>*® Moreover, pyroptosis
has been found to be correlated with the efficacy of immu-
notherapy in cancer treatment. It has been found that
chimeric antigen receptor (CAR) T cells can induce the
cellular caspase 3/GSDME-dependent pyroptosis by
releasing granzyme B. Subsequently, pyroptosis-released
factors can stimulate caspase 1, which can contribute to
the clearage of GSDMD in macrophages, resulting in
cytokine release syndrome (CRS).*”

To validate the regulatory functions of pyroptosis-
related IncRNAs in modulating tumor immune microen-
vironment in STS, we further explored the relation
between OS-risk signature and tumor immune microenvir-
onment in STS. We found that there was a negative corre-
lation between the risk score and the expression level of
several immune checkpoints, including IDO1, PD-LI,
LAG3, TIGIT, CD96 and CD27. Previous studies have
reported that IDO1 and PD-L1 overexpression was corre-
lated with better prognosis in UPS. Also, it has been found
that LAG3 is a favorable prognostic immune biomarker in
high-grade STS patients.*® These studies are all consistent
with the results of our research findings. Therefore, our
risk signature exhibits great potential in predicting the
expression of immune checkpoints for STS patients, thus
facilitating the prediction of immunotherapy efficacy for
STS patients. However, due to multiple histological sub-
types and rarity of STS compared with other cancer types,
current studies investigating immune checkpoints in STS
are based on few histological subtypes and small clinical
samples. In addition, confirming the expression pattern of
diverse immune checkpoints in STS is still difficult, as
well as the significant relationship of immune checkpoints
with clinical outcomes for STS patients, and there have
been several studies reporting controversial results. For
instance, a recent study has indicated that PD-L1 could
function as a worse prognostic biomarker in UPS.
Similarly, a previous meta-analysis found that there were
negative correlations between PD-L1 expression and prog-
nosis in STS.*' Future studies are warranted to elucidate
the expression pattern and clinical significance of specific
immune checkpoint in STS based on larger cohorts.

Besides, we revealed that there was a significant relation-
ship between the risk score and the abundance of multiple
immune cell types in STS. There is a positive relationship
between the risk score and the abundance of macrophage
MO, and NK cell resting, whereas there is a negative relation-
ship between the risk score and the abundance of macro-
phage M1, monocyte, CD8+ T cell, T cell follicular helper,
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and T cell regulatory. Multiple lines of evidence have indi-
cated that infiltrating immune cells significantly correlate
with prognoses in patients with STS. For instance, CD8+
T cells in tumor immune microenvironment play critical roles
in tumor control and anti-tumor immunity, and high infiltra-
tion of CD8+ T cells is significantly correlated with favorable
prognosis in various cancers, including STS.**** Previous
studies have found that macrophage M1 has positive effects
on prognosis, whereas macrophage MO has opposite effects
on STS.** These studies confirmed the results of our
research, indicating the positive or negative effects of pyr-
optosis-related IncRNAs on the prognosis of patients with
STS via modulating the infiltration of immune cells.

Several limitations should be addressed in our study.
First of all, our investigation was performed based on the
TCGA-SARC dataset instead of our own data. Second, the
functions and regulatory mechanisms of pyroptosis-related
IncRNAs controlling STS immune microenvironment are
not explored in experiments. Third, the exact functions of
pyroptosis-related IncRNAs of specific STS histological
type have not been investigated in this study. Finally, the
risk signature based on pyroptosis-related IncRNAs should
be verified in larger clinical samples before it is incorpo-
rated into clinical applications. Therefore, future studies
are warranted for illustrating the detailed mechanisms by
which pyroptosis-related IncRNAs modulate STS progres-
sion and immune microenvironment, and we will collect
clinical samples for further verification, which will be
time-consuming.

Conclusion

In summary, we comprehensively investigated the functions
and clinicopathological significance of pyroptosis-related
IncRNAs in STS, and constructed two novel risk signatures
for OS and DFS of STS patients. The pyroptosis-related
IncRNAs-based risk signature could effectively predict the
prognosis, and tumor immune landscape in STS, thus high-
lighting the promising roles of pyroptosis-related IncRNAs
as novel biomarkers and effective therapeutic targets for
STS patients. Future studies are required to investigate the
underlying mechanisms of pyroptosis-related IncRNAs in
mediating STS progression and immune microenvironment.
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