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sighature of patients with oral
squamous cell carcinoma based
on pyroptosis-related long non-
coding RNAs
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'Department of Stomatology, The First Affiliated Hospital of Nanchang University, Nanchang, China,
2Medical College, Nanchang University, Nanchang, China

Background and objective: Oral squamous cell carcinoma (OSCC) is the most
common malignant tumor in the head and neck, and its morbidity and
mortality are increasing year by year. Changes in key genes are thought to
be closely related to the occurrence and development of OSCC. Pyroptosis
is an inflammatory form of programmed cell death that has been implicated
in malignancies and inflammatory diseases. Changes in the expression of
long noncoding RNAs may also affect tumorigenesis and progression. In this
study, our main objective was to evaluate the association between
pyroptosis-related INncRNAs and prognosis in patients with OSCC.

Methods: The RNA-seq data and clinicopathological data of OSCC patients are
from The Cancer Genome Atlas database. The pyroptosis gene set is obtained
from Gene Set Enrichment Analysis database. Univariate COX, Lasso and
multivariate COX regression analyses were used for the construction of risk
prognostic models of OSCC, eight IncRNAs were incorporated into prognostic
models. The Kaplan-Meier method and log-rank test were used to evaluate
the differences of overall survival between patients in high-risk and low-risk
groups. The reliability of predictions across the dataset was analyzed by
receiver operating characteristic (ROC) curves. The immune signature score
was calculated using the single-sample gene set enrichment analysis.

Results: Eight pyroptosis-related IncRNAs were used to construct prognostic
signature of OSCC, including AC136475.2, AC024075.2, JPX, ZFAS],
TNFRSF10A-AS1, LINC0O0847, AC099850.3 and IER3-AS1. According to this
prognostic signature, patients with OSCC were divided into high-risk and low-
risk groups. Kaplan-Meier survival analysis showed that the survival rate of the
high-risk group was significantly lower than the low-risk group. ROC area for
risk score was 0.716, and ROC area of the 8 IncRNAs are all between 0.5 and
1, implied that these IncRNAs had high accuracy in predicting the prognosis of

Abbreviations

OSCC, Oral squamous cell carcinoma; IncRNAs, Long non-coding RNAs; RNA-seq, RNA Sequencing;
ROC, Receiver operating characteristicc HNSCC, Head and neck squamous cell carcinoma; HPYV,
Human papilloma virus; EBV, Epstein-Barr virus; TCGA, The Cancer Genome Atlas; OS, Overall
survival; NGS, Next-generation sequencing; LASSO, Least Absolute Shrinkage method and Selection
Operator; PCA, Principal component analysis; GSEA, Gene set enrichment analysis; RT-qPCR, Reverse
transcription-quantitative PCR; ssGSEA, Single sample gene set enrichment analysis; SPSS, Statistical
Program for Social Sciences; ICD, Immunogenic cell death; ceRNA, Competing endogenous RNA;
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early response gene 3.
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OSCC patients. Immune Infiltration findings suggested that these INncRNAs affected
immune responses in the microenvironment of OSCC.
Conclusion: The prognostic signature based on pyroptosis-related IncRNAs potentially

serves as an independent prognostic indicator for OSCC patients. And this
signature facilitates research on targeted diagnosis and treatment of patients diagnosed
with OSCC.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) is the
sixth most common malignant tumor globally (1). Oral
squamous cell carcinoma (OSCC) is a group of heterogeneous
cancers that originate in the oral cavity, and is the main type of
HNSCC (2). Over the past few years, the morbidity and
mortality of OSCC have increased significantly, and the 5-year
survival rate of patients is poor, less than 60% (3-5).Drinking
and smoking are the most recognized factors for OSCC (6). In
addition, viruses and microorganisms are closely related to the
development of OSCC, such as Candida albicans, human
papilloma virus (HPV) and Epstein-Barr virus (EBV) (7-9).
Recent studies have shown that in addition to these recognized
risk factors, the development of OSCC is closely related to
changes in key genes (10). Currently, there are no effective
biomarkers for the early diagnosis and prognosis prediction of
oral cancer. Therefore, it is necessary to identify new biomarkers
for the early diagnosis of OSCC and predict the prognosis of
OSCC.

wCaspase 1-dependent programmed cell death (also known as
pyroptosis) is a form of inflammatory programmed cell death,
which can effectively kill malignant cells and enhance anti-tumor
immunity (11, 12). Pyroptosis is primarily characterized by DNA
fragmentation, chromatin condensation, cell swelling and leakage
of cell contents, and has been shown to be related to malignant
tumors and inflammatory diseases (13-16). As previous studies
showed that compared with apoptosis, pyroptosis may be a more
relevant approach to cancer treatment, because it can trigger an
anti-tumor immune response and use the patients’ own immune
systems to specifically recognize and kill tumor cells (17, 18). This
study aimed to identify new biomarkers for prognostic prediction
of patients with oral squamous cell carcinoma by studying
pyroptosis-related molecules.

The expression changes of long non-coding RNAs
(IncRNAs) may affect the occurrence and development of
tumors (19), and their abnormal expression can also regulate
the proliferation, apoptosis and migration of tumor cells,
which means that IncRNAs may be served as important
biomarkers and therapeutic targets (20).

Although many subjects have studied the relationship
between IncRNAs and OSCC (21-23), the relationship
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between pyroptosis-related IncRNAs and oral squamous cell
carcinoma has not yet been fully studied.

In this study, we used the Cancer Genome Atlas (TCGA)
database to evaluate the potential value of pyroptosis-related
IncRNAs as prognostic tools for OSCC patients. Through TCGA
data analysis, 8 pyroptosis-related IncRNAs were determined to
be related to OSCC patients’ overall survival (OS). And it was
proved that their predictive performance for the prognosis of
OSCC patients was higher than that of clinicopathological
characteristics (age, gender, grade, T stage, N stage). This study
proved that pyroptosis-related IncRNAs could be used as
biomarkers to predict the prognosis of OSCC patients.

Materials and methods

Data acquisition of pyroptosis-related
IncRNAs in OSCC patients

Next-generation sequencing (NGS) is a technology that
allows thousands to billions of DNA fragments to be sequenced
independently at the same time, also known ashigh-throughput
or massively parallel sequencing (24). In this study, the RNA-
seq data and clinicopathological data of OSCC patients are
from TCGA (https://portal.gdc.cancer.gov/). And we use Perl
code to organize clinical information. The pyroptosis gene set
(Systematic name: M41804) is obtained from the Molecular
Signatures Database in Gene Set Enrichment Analysis (http://
www.gsea-msigdb.org/gsea/index.jsp).

Spearman correlation analysis of the expression of IncRNAs
through the (https://
bioconductor.org/packages/limma/; version 3.14) package of
the R software (version 4.1.2), and IncRNAs with high
correlation (CorFilter >0.4; P<0.001) with pyroptosis genes

and pyroptosis genes “limma”

were identified as pyroptosis-related IncRNAs.

Identification of a prognostic multiple
pyroptosis-related IncRNAs signature

We used univariate Cox regression analysis to investigate
the pyroptosis-related IncRNAs associated with the prognosis
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of patients with OSCC (P < 0.01). Then, we used Least Absolute
Shrinkage method and Selection Operator (LASSO) Cox
regression analysis to optimize the prognosis of pyroptosis-
related multi-IncRNA signature. In this study, the expression
of pyroptosis-related IncRNAs in OSCC patients
substituted into the Cox model, and then the LASSO Cox
regression coefficient was used to calculate the risk score of

were

each OSCC patient. Then, we based on the median risk score,
the patients were divided into two groups: high-risk group
and low-risk group. The Kaplan-Meier method and log-rank
test were used to determine the differences in OS between
OSCC patients in high-risk group and low-risk group. We
used images to visualize the risk score distributions, survival
status curves, and expression profiles of prognostic IncRNAs
in OSCC patients. Statistical calculations and data plotting
were performed through R software (version 4.1.2; R
foundation).

The independence of pyroptosis-related
multi-lncRNA signature in predicting the
prognosis of OSCC patients

We used R software to determine the independent
association of risk scores based on pyroptosis-related multi-
IncRNA signature and clinicopathological factors (age, gender,
pathological stage and TNM stage) with the prognosis of
OSCC patients through univariate and multivariate Cox
regression analysis. In addition, we used the “survivalROC”
package in R software (version 4.1.2; R foundation) to
establish receiver operating characteristic (ROC) curves, and
then the ROC curves were used to evaluate the accuracy of
these factors (pyroptosis-related multi-IncRNA signature age,
gender, pathological stage and TNM stage) in predicting the
prognosis of OSCC.

The Kruskal-Wallis and Dunn’s post hoc test was used to
further investigate the association between the expression
levels of the eight pyroptosis-related IncRNAs and the
clinicopathological characteristics of OSCC patients.

Principal component analysis (PCA) and
gene set enrichment analysis (GSEA)

We used Principal component analysis to detect the
differences between patients in low-risk group and high-risk
group. And used GSEA (https://www.gsea-msigdb.org/gsea/
index.jsp) to study the functions of pyroptosis-related genes in
low-risk group and high-risk group. Statistical calculations
and data plotting were performed through R software (version
4.1.2; R foundation).
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Reverse verification of clinical OSCC
specimens by reverse transcription-
quantitative PCR (RT-qPCR)

In order to further validate establishment of the an
pyroptosis-related long non-coding RNA signature, we used
RT-qPCR to detect the expression levels of 8 pyroptosis-
related IncRNAs in clinical OSCC samples. Tumor samples
were collected from 41 patients (34 males and 7 females;
median age 61 years; age range 42-88 years) with OSCC
during surgical procedures between January 2017 and
December 2020 (Table 1). These were provided by the
Department of Oral and Maxillofacial Surgery, the First
Affiliated Hospital of Nanchang University. The study was
conducted with prior approval of the first affiliated hospital of
Nanchang university ethics committee (Permit No. 2020054),
and all patients signed an informed consent form.

Total RNA was extracted from tissues using Trizol reagent
(Kangwei Century, CWO0580S, CWBIO). Subsequently, a
reverse transcription kit (Guangzhou Ribo Biological Co.,
Ltd.) was used to synthesize cDNA. The mixture was
prepared according to the instructions of Takara TB Green
Premix Ex Taq IIRT-PCR Kit. The RT-qPCR analysis was
performed on Step One Plus Real-Time PCRSystem. The 2-
AACT method was used to calculate the related IncRNA
expression level, and the related GAPDH mRNA expression
was used as an endogenous control. The primers used are
shown in Additional file 1: Supplementary Table S1.

TABLE 1 Characteristics of the patients.

n=41

Age (years):

<61 22

>61 19
Sex:

Male 34

Female 7
Tumour size (cm):

<2 0

>2, <4 13

>4 28
Differentiation:

Well 15

Moderate/low 26
Cervical lymph node metastasis:

Yes 14

No 27
Clinical Staging:

1I 11

11 21

v 9
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Immune infiltration analysis by single
sample gene set enrichment analysis
(ssGSEA)

The immune signature score was calculated using the single-
sample gene set enrichment analysis (ssGSEA) performed by
the GSVA package (Version 1.34.0) in R (version 4.1.2;
R foundation). Based on the characteristic genes of 24
different immune cell types, the relative immune cell tumor
infiltration level was quantified from the gene expression
profiles of each tumor sample. Spearman correlation analysis
was used to analyze the correlation between eight pyroptosis-
related IncRNAs and the level of immune cell infiltration.

Statistical analysis

10.3389/fsurg.2022.935765

We used SPSS Statistics software (version 25) and R
software (version 4.1.2; R foundation) to calculate statistical

differences. All experiments were repeated 3 times. The

regression analysis

of univariate and multivariate Cox

proportional hazards analysis uses R software (version 4.1.2; R

foundation). For nonparametric analysis, Kruskal-Wallis with

Dunn’s post-hoc test was used.

The Kaplan-Meier method

was used to draw the survival curve, and the difference was

analyzed by log-rank test. All results are presented as hazard

ratios and corresponding 95% confidence interval (CI) and

P <0.05 was considered statistically significant.

A ( All transcriptome genes B
(n=56754)
Screening based on )
genetic attributes
( All LncRNAs )
(n=14143)

Screening based on co-expression

{

Exclusion because of clinicopathological ‘
data including TX,NX MX or unknown

All OSCC patients
(n=321)

Exclusion because of ‘
lack of follow-up data |

All OSCC patents with
survival information
(n=321)

l

\ 4

l { relationship with pyroptosis genes} [
[ Pyroptosis-related INcRNAs
(n=526)

¢_{ Survival analysis

All OSCC patients with complete
clinicopathological characteristics
(n=118)

Clinicopathological
correlation analysis

E

FIGURE 1
Processes of data selection. (A) IncRNA data (B) Screening process of clinical pathology data.

pvalue Hazard ratio :
AC136475.2 0.036 0.666(0.455-0.974) _ —
AC002116.2 0.016 1.752(1.108-2.771) : I - {
AL132712.2 0.020 1.353(1.048-1.747) I
AC083841.1 0.020 0.762(0.606-0.959) |—.—|:
AC024075.2 0.039 0.674(0.463-0.981) |—.—fl
AC091982.3 0.021 1.572(1.070-2.309) S —
JPX 0.018 1.685(1.092-2.601) : } = 4
MYOSLID 0.034 1.210(1.014-1.443) — —
LRRC75A-AS1 0.017 1.337(1.054-1.695) :I—I—I
ZFAST 0.035 1.265(1.017-1.574) —
AC093278.2 0.042 0.648(0.427-0.985) l—l—"
AC106900.2 0.010 1.563(1.113-2.197) : | e |
TNFRSF10A-AS1  0.008 1.501(1.112-2.025) ) ——
LINC00847 0.016 1.462(1.072-1.993) : p—————y
KANSL1-AS1 0.035 0.723(0.535-0.977) = —
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FIGURE 2
Pyroptosis-related long non-coding RNAs affecting overall survival of patients with OSCC. 95% CI, 95% confidence interval.
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Results

Pyroptosis-related IncRNAs and
clinicopathological data in patients with
OSCC

We identified a total of 526 IncRNAs associated with
pyroptosis, 321 patients with OSCC had survival information,

TABLE 2 The LASSO Cox proportional hazard model of the 8
pyroptosis-related IncRNAs.

10.3389/fsurg.2022.935765

and 118 patients with OSCC had complete clinicopathological
information (Figure 1).

Identification of a prognostic pyroptosis-
related IncRNAs signature in OSCC
patients

We used univariate Cox regression analysis, and identified
17 pyroptosis-related IncRNAs associated with OS in OSCC
patients (Figure 2).

We used LASSO Cox regression analysis to further screen
the above 17 pyroptosis-related IncRNAs. Among these, eight

id Coefficient Hazard 95% P-value
ratio Confidence IncRNAs were incorporated into the Cox model, including
interval AC136475.2, AC024075.2, JPX, ZFAS1, TNFRSF10A-AS1,
LINC00847, AC099850.3 and IER3-AS1.
AC136475.2 —0.8679 0.4198 0.2770-0.6364 0
Subsequently, we integrated the expression levels of the
AC024075.2 —0.5774 0.5614 0.3710-0.8494 0.0063 .
above 8 pyroptosis-related IncRNAs and used LASSO Cox
JPX 05188 1.68 0.9644-2.9268 0.047 . . . . .
regression coefficients to establish a prognostic pyroptosis-
ZEASI 0241 1.2725 09937-1.6295 0.0461 related IncRNAs signature in OSCC patients (Table 2). Then
XI;FRSFIOA’ 03176 1.3739 0-9723-1.9413 0.0072 the risk scores of OSCC patients were calculated (the 321
patients, excluded 19 patients whose target IncRNA expression
LINC00847 05787 1.7838 1.2179-2.6125 0.003
is not detected; n=302), and the 302 patients were divided
AC099850.3 03067 1.3589 1.0828-1.7054 0.0081
into high-risk group (n=151) and low-risk group (n=151)
IER3-AS1 0.4807 1.6172 1.1018-2.3738 0.0141 ) .
according to the median value (1.1552).
Risk == High risk =#= Low risk
1.00
2
= 0.75+
©
Q0 3
9 Ll Ll Ll
o 0.50+
©
2
= 0.251 .
a ' p=5.462e-09
0.00 1
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Time(years)
i,Highrisk59953 1805421111100
ic Lowrisk{15112273 47 25 14 1211 8 8 7 6 5 4 3 1
01 2 3 45 6 7 8 9 1011 12 13 14 15
Time(years)
FIGURE 3

Kaplan-Meier curve showed that the overall survival of the high-risk group was significantly lower than that of the low-risk group.
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FIGURE 4
Prognostic value of the eight pyroptosis-related IncRNAs signature in patients with oral squamous cell carcinoma. (A) According to the median risk
score, patients were divided into low-risk group and high-risk group. And the risk distribution diagram of patients wew arranged by risk score. (B) The
survival status distribution shows that the mortality rate of patients in the high-risk group is significantly higher than that of patients in the low-risk
group, and the survival time is shorter.

O R A R ARED ty pe 3 Type
High
ZFAST 2™ Hig
Low
ACD99850.3 2
15
AC136475.2
1
IER3-AS1
0.5
JPX "

LINC00847

AC024075.2

TNFRSF10A-AST

FIGURE 5
Heat map of the eight pyroptosis-related IncCRNA. The expression levels of ZJPX, ZFAS1, TNFRSF10A-AS1, LINC00847, AC099850.3 and IER3-AS1 in

high-risk patients were higher than those in low-risk patients. The expression levels of AC136475.2 and AC024075.2 in high-risk patients were lower

than those in low-risk patients.

The Kaplan-Meier curve showed that the OS of the high- OSCC patients with low-risk scores. The expression levels of
risk group was significantly lower than that of the low-risk ZJPX, ZFAS1, TNFRSF10A-AS1, LINC00847, AC099850.3
group (P=5.462x10% Figure 3). The distribution of risk and IER3-AS1 in high-risk patients with OSCC were higher

scores, survival status, and expression profiles of 8 prognostic than those in low-risk patients with OSCC. The expression
pyroptosis-related IncRNAs of OSCC patients are shown in levels of AC136475.2 and AC024075.2 in high-risk patients
Figures 4, 5. The results showed that the mortality rate of with OSCC were lower than those in low-risk patients

OSCC patients with high-risk scores was higher than that of with OSCC.
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<0.001 ) 1.315(1.122-1.541)

FIGURE 6

B pvalue Hazard ratio
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(=

Hazard ratio

Independent testing of the association between the eight pyroptosis-related IncRNAs signature and prognosis of patients. (A) Univariate Cox
regression analysis showed that the signature based on risk score (P<0.001), T stage (P=0.013), N stage (P<0.001) and TNM comprehensive
stage (P =0.010) were significantly associated with patient survival. (B) Multivariate Cox regression analysis demonstrated that the signature based
on risk score (P=0.003) and N stage (P = 0.015) were independent factors associated with patient survival.

Hazard ratio

Time (months) Time (months)

FIGURE 7

104 AC136475.2 1.0 AC024075.2 104 1.0
—+ Low —= Low
—+— High =+ High
- .8 g 0.8
o 08 > 0.8 =3 0.8 >
= 5 3 2
£ 064 8061 8 06+ § 06
g g g g
- = T [
S 044 S 04+ S 04- S 04+
c z 2 g
-5 3 - |
12} 2] (7] %]
0.2 0.2 4 0.2+ 0.2 4 _
Overall Survival Overall Survival Overall Survival Overall Survival
HR = 0.65 (0.47-0.90) HR = 0.66 (0.47-0.93) HR =174 (1.18-2.58) HR =1.54 (1.00-2.19)
0.0 4 Log-rank P =0.009 0.0 4 Log-rank P=0.03 0.0 Log-rank P=0.001 0.0 { Log-rank P =0023
T T T T T T T T T T T T T v T T
0 50 100 150 0 50 100 150 0 50 100 150 0 50 100 150
Time (months) Time (months) Time (months) Time (months)

1.0 4 TNFRSF10A-AS1 1.0 4 LINC00847 1.04 AC099850.3 1.0 IER3-AS1
—+ Low — Low —+ Low - Low
=t="Fligh — High —— High — High

0.8 0.8 0.8 0.8

& 2z 2z z
= 3 3 3
3 05+ S 06+ 8 061 & 06
& g = &
S 04 S 04 S 044 S 044
= B = =
= = ) 3
12 %} 7] 0
0.2+ 0.2 1 0.2 0.2
Overall Survival Overall Survival Overall Survival Overall Survival
HR =1.93 (1.36-2.75) HR = 1.82 (1.20-2.57) HR = 1.62 (1.17-2.24) HR =197 (143-2.71)
0.0 4 Log-rank P =0.002 0.0 - Log-rank P =0.002 0.0 4 Log-rank P =0.006 0.0 Log-rankP <0.001
T T T T T T T T T T T T T T T T
0 50 100 150 0 50 100 150 0 50 100 150 0 50 100 150

The influence of eight genes (AC136475.2, AC024075.2, JPX, ZFAS1, TNFRSF10A-AS1, LINC00847, AC099850.3,

Time (months) Time (months)

IER3-AS1) on survival probability.

The relationship between the feature of
eight pyroptosis-related IncRNAs and the
prognosis of patients with OSCC

The results of univariate Cox regression analysis showed
that the risk score based on 8 pyroptosis-related IncRNAs
the T N and TNM
comprehensive stage were significantly correlated with the

feature, patients’ stage, stage,
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patients’ survival rate 6A). In addition, the

multivariate Cox regression analysis showed that the risk

(Figure

score based on 8 pyroptosis-related IncRNAs feature and the
patients’ N stage were independent factors related to OSCC
patients with OS (Figure 6B). Due to the lack of M1 in the
case data, the effective value of M staging cannot be obtain.

In addition, based on the TCGA genome database, we used R
software to analyze the association of these 8 pyroptosis-related
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genes with the prognosis of OSCC patients. These genes were
found to be associated with the prognosis of OSCC patients,
and the groups with high expression of ZJPX, ZFASI,
TNFRSF10A-AS1, LINC00847, AC099850.3 and IER3-AS1 had
a worse prognosis, the groups with low expression of
AC136475.2 and AC024075.2 had a worse prognosis (Figure 7).

The receiver operating characteristic
(ROC) curves for the 8 pyroptosis-related
IncRNAs

The receiver operating characteristic (ROC) curves for 8
pyroptosis-related IncRNAs are shown in Figures 8, 9. The
ROC area for risk score was 0.668, which was higher than
that of the other clinicopathological characteristics. The ROC
area for age, gender, grade, T stage, M stage, N stage, and
TNM comprehensive stage were 0.514, 0.556, 0.523, 0.557,
0.500, 0.635 and 0.570 (Figure 8). And we integrated clinical
factors and risk score into integrates indicators, the ROC
area for integrates indicators was 0.727. Moreover, the area
values under the ROC curve of each gene of these 8
pyroptosis-related IncRNAs between 0.5 and 1
(Figure 9), indicating that the accuracy of using these genes

was
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FIGURE 10

Relationship between the expression levels of eight pyroptosis-related IncRNAs and the clinicopathological characteristics of patients with OSCC.
(A) JPX (P<0.05), AC099850.3 (P<0.05) and LINC00847 (P<0.001) were significantly correlated with the pathological grade of OSCC patients.
(B) ZFAS1 (P < 0.05) was significantly correlated with T stage of OSCC patients (C) AC136475.2 (P < 0.05) was significantly correlated with N stage
of OSCC patients. (D) IER3-AS1 (P < 0.01) was significantly correlated with clinical stage of OSCC patients. G1, well differentiated; G2, moderately
differentiated; G3, poorly differentiated; G4, undifferentiated; T, T stage; N, N stage; S, TNM synthesis stage; S1, first stage; S2, second stage; S3,
third stage; S4, fourth stage. *P < 0.05; **P <0.01; ***P < 0.001; ns, not significant.

for disease diagnosis and predicting the overall survival rate of PerptOtiC status of low-risk groups and

patients is very high. h|gh_r|sk groups
PCA was performed to explore the expression differences of
Relationship between elg ht pyroptosis- all genes, pyroptosis-related genes, pyroptosis-related IncRNAs,
related lncRNAs and Clinicopatho[ogical and 8 pyroptosis-related IncRNAs between low-risk and high-
characteristics in patients with OSCC risk OSCC patients. When we used the expression of all genes
as a spatial indicator, the two groups of patients were
We used the Kruskal-Wallis test to investigate the relationship relatively concentrated. When the indicators were gradually
between the expression levels of 8 pyroptosis-related IncRNAs and optimized from all genes to pyroptosis-related genes,
the clinicopathological characteristics of patients with OSCC pyroptosis-related  IncRNAs, and 8  pyroptosis-related

(Figure 10). The results showed that JPX (P<0.05), IncRNAs, the two groups of patients were gradually dispersed
AC099850.3 (P <0.05), LINC00847 (P <0.001) were significantly (Figure 11). This indicated that the signature established in
correlated with the pathological grade of OSCC patients this study showed better discriminative power in predicting
(Figure 10A), ZFAS1 (P <0.05) was significantly correlated with the prognosis of OSCC patients compared with other genetic
T stage of OSCC patients (Figure 10B), AC136475.2 (P <0.05) indicators.

was significantly correlated with N stage of OSCC patients Further functional annotation with GSEA showed that the
(Figure 10C), and IER3-ASl (P<0.01) was significantly difference in gene function were significantly enriched in the
correlated with clinical stage of OSCC patients (Figure 10D). gene sets of pyroptosis between low-risk and high-risk patients
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(Figure 12). It shows that the prognosis of patients can be judged
according to the overall increase or decrease of pyroptosis.

Relationship between the eight
pyroptosis-related IncRNAs and immune
infiltration level

The associations between the expression of the eight
pyroptosis-related IncRNAs and the abundance of immune
cells infiltration were analyzed using ssGSEA. As illustrated in
the lollipop plot (Figures 13, 14), this modle, and expression
of AC136475.2, AC024075.2, JPX, ZFASI, TNFRSF10A-AS1,
LINC00847, AC099850.3, IER3-AS in this model exhibited a
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strong positive correlation with some immunocytes, including
macrophages, T cells, B cells, Th1 cells, Th2 cells, and NK cells,
etc. These findings suggest that these pyroptosis-related
IncRNAs  affect by the
infiltration of immunocytes into the microenvironment of OSCC.

immune responses influencing

RT-gPCR to verify the effect of
pyroptosis-related genes on patient
survival

To evaluate the reliability of the bioinformatics results, we

used RT-qPCR to detect the expression levels of 8 pyroptosis-
related IncRNAs in tumor tissues of 41 OSCC patients.
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FIGURE 12

Gene set enrichment analysis of the differential expression of the pyroptosis-related INcRNAs between low-risk and high-risk patients with OSCC.

Patients were divided into low-risk and high-risk groups based
on RT-qPCR and signature risk scores. And we used Kaplan-
Meier analysis to analyze OS of the low-risk group and the
high-risk group, showed that the OS of the low-risk group
was significantly higher than that of the high-risk group (P=
0.022; Figure 15).

Discussion

Cell necrosis, apoptosis, necroptosis, autophagy, ferroptosis,
and pyroptosis all belong to programmed cell death (PCD) (25).
Pyroptosis is also an inflammatory form of PCD (26). There is
increasing evidence that pyroptosis affects tumor proliferation,
invasion, and metastasis (27). Furthermore, pyroptosis may be
able to the function as a form of immunogenic cell death
(ICD) and may act synergistically with cancer immunotherapy
(26). Therefore, pyroptosis may be a double-edged sword for
the development of tumors, which requires further in-depth
research.
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Pyroptosis promotes inflammatory cell death of cancer cells,

and thus decreased expression of some pyroptotic
inflammasomes was found in cancer cells (15, 28). Recent
studies have reported that some molecules affect the

pyroptotic inflammasome and promote pyroptosis (27-28).
These molecules, including some noncoding RNAs, hold
promise as targets for effective treatment of different cancers
(29). Tt has been reported that IncRNA NEAT1 modulated
ionizing radiation that induced pyroptosis and viability in
human colorectal cancer cells by regulating the expression of
miR-448 (30). This study provides important insights into the
potential role of IncRNA NEAT1 in ionizing radiation-
induced pyroptosis mechanistic insights. Therefore, studying
and utilizing the roles of IncRNAs in the regulation of
pyroptosis will improve the clinical diagnostic accuracy and
therapeutic effect of tumors.

This study used the TCGA dataset to investigate the
IncRNAs
prognosis of oral squamous cell carcinoma. We identified 17
pyroptosis-related IncRNAs associated with OS in OSCC

predictive value of pyroptosis-related on the
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FIGURE 13
Relationship between 8 pyroptosis-related IncRNAs and immune infiltration. Lollipop plot shows the correlation between AC136475.2, AC024075.2,
JPX, ZFAS1, TNFRSF10A-AS1, LINC0O0847, AC099850.3 and IER3-AS expression and 24 immune cell subsets infiltration. The size of dots indicates the
absolute Spearman r value.

patients by univariate Cox regression analysis. Subsequently, 8
pyroptosis-related IncRNAs that significantly affected the
prognosis of OSCC patients were identified by LASSO Cox
regression analysis and Kaplan-Meier method, including
AC136475.2, AC024075.2, JPX, ZFAS1, TNFRSF10A-ASI,
LINC00847, AC099850. 3 and IER3-AS1. Risk signatures were
determined based on these pyroptosis-related IncRNAs, which
could classify OSCC cancer patients into high- and low-risk
groups. Our results showed that the high-risk group had
shorter OS than the low-risk group. As described in the
results, among the 8 pyroptosis-related IncRNAs, 2 IncRNAs
are protective factors (AC136475.2 and AC024075.2), and the
remaining 6 IncRNAs are risk factors (JPX, ZFASI,
TNFRSF10A-AS1, LINC00847, AC099850.3 and IER3-ASl).
And the association between the expression of these
pyroptosis-related IncRNAs and the abundance of immune
cell infiltration was analyzed by ssGSEA. It was found that
these pyroptosis-related IncRNAs could affect the infiltration
of immune cells into the OSCC microenvironment. This study
identified IncRNA
satisfactory performance.

In addition to our exploration of these pyroptosis-related
IncRNAs, other studies have also investigated the related roles
of the above IncRNAs.

AC136475.2 has not previously reported its effect in patients
with head and neck squamous cell carcinoma. Ma et al (31)

pyroptosis-related signature  with

Frontiers in Surgery

established a risk score model based on this gene for breast
cancer patients, demonstrating that the gene can be used as a
predictor of breast cancer survival and may be a potential
therapeutic target for breast cancer.

Related studies of AC024075.2 have not been reported.

A study (32) has reported that LncRNA JPX is highly
expressed in OSCC cells. Silencing IncRNA JPX could inhibit
the proliferation, migration and invasion of OSCC cells. And
the IncRNA JPX could bind to miR-944 and then enhances
N-cadherin (CDH2) through a competing endogenous RNA
(ceRNA) mechanism. In short, IncRNA JPX promotes the
proliferation, migration and invasion of OSCC cells through
the miR-944/CDH2 axis, which provides a new potential
targeted therapy direction for OSCC.

Accumulating evidence indicates that long non-coding RNA
zinc finger antisense 1 (ZFAS1) is a novel IncRNA with
potential functions in human cancer pathology and
physiology (33, 34), which is involved in tumorigenesis and
tumor progression (35). Feng et al. showed that the
expression of ZFASI1 is related to the chemosensitivity and
prognosis of cervical cancer and is involved in the progression
of cervical cancer (36).

Ren et al reported that RP11-1149023.2 has a high
coexpression coefficient of 0.81 with TNFRSF10A antisense
RNA 1 (TNFRSF10A-AS1), suggesting the possibility of
RP11-1149023.2 in cis-regulation of TNFRSF10A. And RP11-
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1149023.2 is localized at the minus chain relative to the
protein-coding gene TNFRSFI10A, the protein of TNFRSF10A
is a apoptosis-promoting receptor to mediate the extrinsic
addition, RP11-1149023.2 s
significantly associated with the overall survival of patients

apoptotic  pathways. In
with gastric cancer (37).
LINCO00847 located at 5q35.3, is a newly discovered
IncRNA. In recent years, aberrant expression of LINC00847
has been reported in various tumors including renal cell
carcinoma, breast cancer and lung cancer (38-40). Huan et al
showed that LINC00847 could increase IFITMI1 expression by
sponging miR-147a, thereby exhibiting tumor-promoting
effects on non-small cell lung cancer progression (41).
AC099850.3 is a recently discovered IncRNA. Zhong et al
were the first to identify AC099850.3 as a prognosis-related
IncRNA by TCGA database, and they further through in vitro
and in vivo experiments to clarify the role of AC099850.3 in
patients with hepatocellular carcinoma. The results showed

that AC099850.3 was highly expressed in hepatocellular
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carcinoma cell lines and tissues, and was related to poor
prognosis in patients with hepatocellular carcinoma. And
AC099850.3 significantly promoted migration, invasion and
proliferation of hepatocellular carcinoma cell through the
PRR11/PI3K/AKT pathway (42). Jiang et al revealed that
AC099850.3 was associated with autophagy and it could
predict OS in patients with OSCC (43).

Immediate early response gene 3 (IER3), also known as
IEX-1, gly96, Dif-2, PRG-1 or p22, is a member of the
NUPRI/RELB/IER3 survival pathway. Hamid et al revealed
that NUPR1/RELB/IER3 pathway was required for oncogenic-
dependent transformation of the pancreas (44). Jin et al
showed that etoposide induced death of cervical cancer cells
through the c-Abl/TAp73/IER3 signaling axis (45).

To our knowledge, in addition to AC024075.2, seven other
IncRNAs have been reported that they were correlated with the
growth and prognosis of some tumors, therefore we predicted
that these IncRNAs could also represent potential targets for
the treatment of OSCC.
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FIGURE 15
Kaplan-Meier analysis of overall survival plots based on RT-gPCR analysis of 41 OSCC patients. The overall survival of the high-risk group was
significantly lower than that of the low-risk group (P =0.022).

In recent years, with the progress of research, it has been
gradually recognized that tumor progression is closely related
to changes in its immune microenvironment. At present, the
development and application of immunotherapy for oral
cancer is relatively slow. Therefore, we explored the link
between target IncRNAs and immune cell infiltration. And we
found that the target IncRNA is closely related to immune cell
infiltration, which may provide a theoretical basis for the
study of oral cancer immunotherapy.

Our current study still has some limitations. This study
utilized data from high-throughput RNA-sequencing for
analysis, and although we used clinical 41 samples for
validation, lacked wvalidation in large clinical samples.
Moreover, the roles of the eight pyroptosis-related IncRNAs

are worthy of continued in vitro and in vivo studies.

Conclusion

In this study, 8 pyroptosis-related IncRNAs were identified
to be associated with OS in OSCC patients through TCGA
data analysis. Risk signatures were determined based on these
pyroptosis-related IncRNAs, which could classify OSCC
patients into high- and low-risk groups. And risk signatures
could predict patients at higher risk of death, therefore better
treatment should be given to higher-risk patients.
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