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Abstract

Bladder cancer ranked the second most frequent tumor among urological malignancies. This work investigated bladder ca@
prognosis, including the relevance of pyroptosis-related long noncoding RNA (IncRNA) in it and its potential roles. The Cancer
Genome Atlas database offered statistics on IncRNAs and clinical data from 411 bladder cancer patients. Pearson correlation
analysis was used to evaluate pyroptosis-related INcRNAs. To explore prognosis-associated INcRNAs, we performed univariate Cox
regression, least absolute shrinkage and selection operator regression analyses, as well as the Kaplan—-Meier method. Multivariate
Cox analysis was leveraged to establish the risk score model. Afterward, a nomogram was constructed according to the risk
score and clinical variables. Finally, to investigate the potential functions of pyroptosis-related INcCRNAS, gene set enrichment
analysis was employed. Eleven pyroptosis-related INcRNAs were screened to be closely associated with patients prognosis. On
this foundation, a risk score model was created to classify patients into high and low risk groups. The signature was shown to be
an independent prognostic factor (P < .001) with an area under the curve of 0.730. Then a nomogram was established including
risk scores and clinical characteristics. The nomogram prediction effect is excellent, with a concordance index of 0.86. The
11-IncBNAs signature was associated with the supervision of oxidative stress, epithelial-mesenchymal transition, cell adhesion,
TGF-B, and Wingless and INT-1 signaling pathway, according to the gene set enrichment analysis. Our findings indicate that
pyroptosis-related INcRNAs, which may affect tumor pathogenesis in many ways, might be exploited to assess the prognosis of
bladder cancer patients.

Abbreviations: (i = coefficient, EMT = epithelial-mesenchymal transition, GSEA = gene set enrichment analysis, INcRNA = long

noncoding RNA, OS = overall survival, TCGA = the cancer genome atlas, WNT = Wingless and INT-1.
Keywords: bladder cancer, INcRNA, prognostic model, pyroptosis

1. Introduction

As the world’s number 10 most frequent malignant tumor and
number 2 most prevalent urological malignancy, bladder cancer
has caused a total of 213,000 deaths and 573,000 new cases
in 2020.1" Patients with bladder cancer receive a prognosis that
is closely linked to the pathological diagnosis, comprising non
muscle invasive bladder cancer as well as muscle invasive blad-
der cancer. Most non muscle invasive bladder cancer patients will
eventually turn into muscle invasive bladder cancer, which has
a 5-year survival rate of fewer than 50%.%% Prognosis predic-
tion of bladder cancer is still a challenge for it may be associated
with biological heterogeneity.*l Because current approaches are
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insufficient for reliably assessing the prognosis of bladder cancer
patients, a more trustworthy method must be investigated.

Long noncoding RNAs (IncRNAs) play a significant part in a
great variety of physiological and pathological functions, espe-
cially in tumor growth and progression.'> It was reported that
IncRNAs played a role in tumorigenesis and metastasis through
the regulation of cell proliferation, differentiation, and migra-
tion.[? Accumulating evidence suggested that IncRNAs may be a
viable therapeutic target as well as a prognosis-predicting tumor
marker.®?! Although some IncRNAs have been successfully used
to predict bladder cancer prognosis,'®!'"l the prognostic value
of pyroptosis-related IncRNAs in bladder cancer remains to be
studied.
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Pyroptosis, a type of programmed cell death triggered by
inflammasomes, was linked to cancer cell proliferation, invasion,
and metastasis."”>'¥ In various malignancies, novel pyropto-
sis-related markers have been developed in recent investiga-
tions. Zhang et al™! discovered that 4 pyroptosis-related genes
play a significant role in endometrial cancer prognosis. Ovarian
cancer prognosis can also be predicted using pyroptosis-related
genes.!'®! For bladder cancer, Chen et al!'”! found that the prog-
nosis model established by pyroptosis-related genes can predict
the patient prognosis. However, more research is needed into
the potential functions and prognostic role of pyroptosis-related
IncRNAs in bladder cancer.

In this study, pyroptosis-related IncRNAs were identi-
fied by analyzing the expression of IncRNAs and the related
clinical data from the cancer genome atlas (TCGA). By dint
of these IncRNAs, a prognostic model was established, and
their possible biological functions in bladder cancer were also
investigated.

2. Materials and methods

2.1. Pyroptosis-related IncRNAs identification

From TCGA (https://cancergenome.nih.gov/), we acquired
bladder cancer patients IncRNA and clinical data. Based
on previous publications, 52 pyroptosis-related genes were
extracted.'s211' The criteria for identifying differentially
expressed IncRNAs and pyroptosis-related genes between
malignancies and normal adjacent tissues were log2FC > 0.5
and P < .05. Pyroptosis-related IncRNAs were evaluated using
pearson correlation analysis, with univariate cox regression
also used for the exploration of prognosis-related IncRNAs. To
recognize IncRNAs with prognostic value, the least absolute
shrinkage and selection operator regression as well as Kaplan—
Meier analyses were utilized.

2.2. Risk score model establishment

The coefficient (Bi) was computed using the screened IncRNAs
in a multivariate Cox regression model. A risk score model
was subsequently built including the IncRNA expression lev-
els and Bi. This formula was used to compute each patient risk
score. Furthermore, according to the median risk score, we clas-
sified patients into 2 categories: a high-risk group and a low
risk group. Then, the Kaplan-Meier survival curve revealed the
prognostic discrepancy between the 2 groups.

2.3. Nomogram construction and evaluation

We used univariate and multivariate Cox regression analyses
in our investigation of the prognostic relevance of the risk
score and clinical factors including gender, age, and the TMN
stage. Next, using the findings of multivariate Cox regression,
a nomogram was constructed for the prediction of each blad-
der cancer patient 3-year and S-year overall survival (OS).
Finally, the prediction accuracy of the nomogram was mea-
sured with the receiver operating characteristic curve analysis
and the concordance index, and its prediction performance
was assessed using calibration curves and decision curve
analysis.

2.4. Gene set enrichment analysis

On these pyroptosis-related IncRNAs, the gene set enrichment
analysis (GSEA) was carried out to not only apply the gene
ontology enrichment analysis but also utilize the kyoto encyclo-
pedia of genes and genomes pathway analysis, to further probe
into their potential pathways and functions.
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2.5. Ethics approval and consent to participate

All data of our research were derived from TCGA database and
required no ethical approval.

2.6. Statistical analysis

Statistical analyses of this research were entirely conducted
in the R software (version 4.0.2) (Institute for Statistics and
Mathematics, Vienna, Austria; https://www.r-project.org). To
identify the relationships between pyroptosis-related genes and
IncRNAs, a Pearson correlation analysis was carried out. For
comparison of the differences between categorical and continu-
ous variables, the Chi-square test, as well as the ¢ test were used,
respectively. In evaluating the OS of patients in various groups,
the Kaplan—-Meier method was utilized, and differences between
groups were assessed utilizing the log-rank test. Both univari-
ate and multivariate Cox regression analyses were leveraged to
carry out the survival analysis. At a 2-tailed P < .05, the results
were regarded as statistically significant.

3. Results
3.1. Pyroptosis-related IncRNAs identification

Figure 1 presented the flowchart of our investigation. The
TCGA database was utilized for gathering LncRNA sequencing
data and clinical information. Finally, a total of 411 tumors and
19 adjacent normal tissues from 411 bladder cancer patients
were extracted. From earlier studies, 52 pyroptosis-related
genes were extracted. Four hundred and fifty-four IncRNAs
were differentially expressed in tumors and adjacent normal
tissues, including 161 up-regulated and 293 down-regulated in
tumors (Fig. 2A). A total of 15 pyroptosis-related genes were
screened to be differentially expressed, with 7 being up-regu-
lated in tumors and 8 being down-regulated in tumors (Fig. 2B).
Furthermore, using Pearson correlation analysis, we were suc-
cessful in finding 59 pyroptosis-related IncRNAs. According to
the univariate Cox regression analysis, 25 IncRNAs were related
to prognosis (Fig. 3A). Then, we identified 17 IncRNAs by least
absolute shrinkage and selection operator regression analysis
(Fig. 3B and C). The Kaplan—-Meier method thereby screened 11
IncRNAs tightly linked to OS of bladder cancer patients (Fig. 4).

3.2. Risk score model establishment

The following is a risk score model that includes expression lev-
els and Bi of IncRNAs: Risk score =, x Ex). Patients were split
into 2 groups, a high-risk group and a low-risk group, according
to the median risk score. The high risk group’s OS was consid-
erably shorter in comparison to the low risk group (P <.001,
Fig. 5A). Compared to the risk coefficient and the mortality
of patients of the low risk group, those of the high risk group
were higher (Fig. 5B and C). From Figure 5D, the heatmap dis-
played the expression patterns of 11-IncRNA signatures of the
2 groups.

3.3. Nomogram construction and evaluation

It was observed that the clinical variables and risk score were
closely associated with OS in the univariate Cox regression
(Fig. 6A). From Figure 6B, the 11-IncRNAs signature was also
found to be an independent prognostic predictor for OS via the
multivariate Cox analysis (P <.001). In addition, the receiver
operating characteristic curve illustrated that the 11-IncRNAs
signature was a remarkable prognostic predictor (AUC = 0.730,
Fig. 6C). Then, using the multivariate Cox regression results,
including clinical factors and risk scores, we constructed a
nomogram (Fig. 7A). The nomogram AUCs for 3-year and
S-year OS were 0.783 and 0.781 respectively, as shown in
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Figure 1. This study’s design and flowchart.

Decision curve analysis

Figure 7B. The nomogram concordance index of 0.86 indicated
an excellent predictive effect. Besides, the calibration curve and
decision curve analysis suggested that the model was valuable in
predicting the prognosis (Figs. 7C-F).

3.4. Gene set enrichment analysis

gene ontology enrichment analysis showed that the pyropto-
sis-related IncRNAs were enriched in growth factor binding,
oxidative stress, epithelial-mesenchymal transition (EMT),
respiratory electron-transport chain, extracellular matrix bind-
ing, and structural constituent (Fig. 8A). These IncRNAs were
shown to be involved in cell adhesion, cancer pathway, oxidative
phosphorylation, leukocyte transendothelial migration, TGF-f3,
and Wingless and INT-1 (WNT) signaling pathway by kyoto
encyclopedia of genes and genomes pathway analysis (Fig. 8B).

These elements may stimulate researchers to further investigate
the mechanism of pyroptosis-related IncRNAs in bladder cancer
pathogenesis.

4. Discussion

This study explored pyroptosis-related IncRNAs role in blad-
der cancer patients. The 11-IncRNAs signature was utilized
to develop a risk model that separated patients with bladder
cancer into a high-risk group and a low-risk group. Prognosis
analysis revealed that the low-risk group patients presented
favorable OS. Additionally, a nomogram was established and
demonstrated to have a strong prognostic effect.

Among the IncRNAs, AL355353.1, AC092171.4,
AL139089.1, MIR200CHG, PTOV1-AS2, AC010542.5,
AC104825.1, AC010326.3, AC008124.1 and LINCO01871 had
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Figure 2. Identifying pyroptosis-related INcRNA in the tumor. (A) The volcano plot revealed that in tumors, 161 INcRNAs were up-regulated whereas 293 were
down regulated. (B) The volcano plot visualized that in tumors, 7 pyroptosis-related genes were up-regulated and 8 were down regulated. INncRNA = long
noncoding RNA.
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a protective effect for prognosis, while AL136084.3 presented
the opposite effect. AL136084.3 was linked to ferroptosis in
bladder cancer and was found to be a prognostic risk factor.?>?
Meanwhile, Liu et al®*! uncovered that PTOV1-AS2 was a good
prognostic indicator for pancreatic cancer. However, further
studies were needed to elucidate both biological and molecular
mechanisms of these IncRNAs in bladder cancer.

Based on 11 pyroptosis-related IncRNAs, we established a
relatively effective prediction model whose 3- and 5-year OS
AUCs were 0.783 and 0.781, respectively. Several prognostic
signatures for bladder cancer were identified in previous studies.
Regarding the prognosis prediction for bladder cancer patients,
Lai et al®®*! constructed and validated a predictive signature that
included 9 immune-related IncRNAs. It was also found that
autophagy-related,”? EMT-related,””’ and N6-methyladenosine-
related®! IncRNA signatures were strongly associated with the
prognosis. What is more, Chen et al!'”! extracted a unique gene
signature of 8 pyroptosis-related genes that might be leveraged
in the prognosis prediction for bladder cancer patients. Several
studies have investigated the prognostic role of pyroptosis-re-
lated IncRNAs in bladder cancer, while the construction or vali-
dation of the nomogram was lacking,?>2% or the signature AUC
was relatively low. As a result, the prognostic value of pyropto-
sis-related IncRNAs in bladder cancer remains to be studied.

GSEA revealed that these IncRNAs were involved in oxida-
tive stress, EMT, respiratory electron-transport chain, cell adhe-
sion, oxidative phosphorylation, TGF-f3, and WNT signaling
pathway. The TGF-f signaling pathway is an essential pathway
for the emergence and development of tumors with dual effects.
Tamura et al®! pointed out that TGF-f can inhibit pyroptosis
in breast cancer. In nonsmall cell lung cancer, WNT/B-catenin
signaling was proved to promote progression by pyropto-
sis-related IncRNA FOXD2-AS1,532 while in colorectal cancer,
FOXD2-AS1 may facilitate the progression through the regula-
tion of the EMT signaling pathway."**! Suppression of oxidative
stress can increase NLRP3 inflammasome-mediated cardiomyo-
cyte pyroptosis through the NF-xB-GSDMD pathway.’ In
bladder cancer, the pyroptosis-related IncRNAs might manage
the proliferation and progression through the regulation of oxi-
dative stress, EMT, cell adhesion, TGF-$, and WNT signaling
pathway. However, the precise mechanism needs to be further
studied.

Our research has a few limitations. For starters, it is just a
retrospective study based on IncRNA data and a few clinical
variables from the TCGA database, which is lacking in some
detailed clinical information. Second, the prognostic value and
the biological functions of pyroptosis-related IncRNAs are not
yet fully elucidated. Finally, further in vivo or in vitro experi-
ments are needed to investigate the concrete mechanisms of the
IncRNAs.

5. Conclusions

In summary, the 11-IncRNAs signature was established to pre-
dict prognosis for bladder cancer patients. GSEA revealed that
pyroptosis-related IncRNAs might modulate bladder cancer
through the regulation of oxidative stress, EMT, cell adhesion,
TGF-B, and WNT signaling pathway. Our study developed a
well-validated nomogram based on these IncRNAs, which might
offer new insights into bladder cancer prognosis.

Acknowledgments

We thank the researchers and patients who contributed data to
the TCGA database.

Author contributions

Conceptualization: Zhe Lin, Wenfeng Xu.

Data curation: Guoliang Hou.

Formal analysis: Zhenyu Wu, Jie Zeng.

Writing — original draft: Zhenyu Wu, Jie Zeng.

Writing — review & editing: Mengxi Wu, Quan Liang, Bin Li,
Zhe Lin, Wenfeng Xu.

References

[1] Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer ] Clin. 2021;71:209-49.

[2] Ghandour R, Singla N, Lotan Y. Treatment options and outcomes
in nonmetastatic muscle invasive bladder cancer. Trends Cancer.

2019;5:426-39.



Wu et al. ® Medicine (2023) 102:8

www.md-journal.com

A p value Hazard ratio |
AL355353.1 0.006 0.95(0.91-0.98) I.#
AC024075.2 0.017 0.90%0.83—0.98;
ATP1B3-AS1 0.002 1.20(1.07-1.35 = =
AC092171.4 0.048  0.80(0.64-1.00) ——
AL450326.1 0.016 1.30(1.05-1.60) — —
AL355488.1 0.020 0.8850.79—0.983 |-.-f
AL139089.1 0,001  0.69(0.55-0.87 -
MIR200CHG 0.014 0.99(0.98-1.00) [ ]
PTOV1-AS2 <0.001 0.87(0.81-0.94) I-m ,
AC010542.5 0.002 0.84%0.76—0_94%
CD27-AS1 0.037 0.94(0.88-1.00 |..L
MIR4435-2HG 0.036 1.05(1.00-1.09)
AC104825.1 <0001  0.85(0.78-0.94) HE |
AC010326.3 0.001 0.92%0.87—0.97% ]
LINC01176 0.040  0.95(0.90-1.00 I-IH
OTUDGBB-AS1 0.037 0.88(0.79-0.99)
AC008124.1 0.010 0.74(0.59-0.93) —m—i
AL136084.3 <0.001 1.31%1 12-1 .523 1 —a—
AC005726.3 0.010 0.88(0.80-0.97 -
ue62317.2 0.019 0.97(0.94-0.99)
LINCO1614 0.006 1.03(1.01-1.05)
AL583785.1 0.002 1 .07%1 .03-1 .12§ 1
AL390719.2 0.037 0.98(0.95-1.00
LINCO1871 0.010 0.95(0.91-0.99)
AL353622.1 0.002 0.73(0.59-0.89) - )
[ | [ |
0.0 0.5 1.0 1.5
B 23 22 19 13 C 2424 24232222222120191917 161511 7 2
n 1 " " [ ]
i i
N : :
— I i
8 i l
c i i
24 ' l
E N I I
5 = ! !
o o it i |
= o Tel i i
g 23| : |
O A . I i
X . | Iy
3 o... : ® T
T @ .".. | ot :
E - 'uunn:u“‘ :
o ] 1
I i
(o] I i
z I i
- i i
T T T T T T — T L
-6 -5 -4 -3 -6 -5 -4 -3
Log Lambda Log (M)

Figure 3. Identifying pyroptosis-related INcRNAs associated with OS. (A) The forest plot recognized 25 pyroptosis-related INcRNAs substantially associated
with OS. (B) 17 IncRNAs were unveiled by the LASSO analysis to be associated with bladder cancer patients’ prognosis. (C) The LASSO coefficient spectrum
for INcRNA associated with OS is presented. INcRNA = long noncoding RNA, LASSO = Least absolute shrinkage and selection operator, OS = overall survival.

[3] Santoni G, Morelli MB, Amantini C, et al. Urinary markers in bladder
cancer: an update. Front Oncol. 2018;8:362.

[4] Siracusano S, Rizzetto R, Porcaro AB. Bladder cancer genomics.
Urologia. 2020;87:49-56.

[5] ChiY, Wang D, Wang ], et al. Long non-coding RNA in the pathogene-
sis of cancers. Cells. 2019;8:1015.

[6] Hu G, Niu F, Humburg BA, et al. Molecular mechanisms of long
noncoding RNAs and their role in disease pathogenesis. Oncotarget.
2018;9:18648-63.

[7] Wilusz JE, Sunwoo H, Spector DL. Long noncoding RNAs: functional
surprises from the RNA world. Genes Dev. 2009;23:1494-504.

[8] Lin TY, Li Y, Liu Q, et al. Novel theranostic nanoporphyrins for
photodynamic diagnosis and trimodal therapy for bladder cancer.
Biomaterials. 2016;104:339-51.

[9] White NM, Zhao SG, Zhang J, et al. Multi-institutional analysis shows
that low PCAT-14 expression associates with poor outcomes in pros-
tate cancer. Eur Urol. 2017;71:257-66.

[10] Zhang C, Li Z, Hu J, et al. Identification of five long noncoding RNAs
signature and risk score for prognosis of bladder urothelial carcinoma.
J Cell Biochem. 2020;121:856-66.

[11] Wang Y, Du L, Yang X, et al. A nomogram combining long non-cod-
ing RNA expression profiles and clinical factors predicts survival in
patients with bladder cancer. Aging (Milano). 2020;12:2857-79.

[12] Tan YE Wang M, Chen ZY, et al. Inhibition of BRD4 prevents pro-
liferation and epithelial-mesenchymal transition in renal cell carci-
noma via NLRP3 inflammasome-induced pyroptosis. Cell Death Dis.
2020;11:239.

[13] Tan G, Huang C, Chen J, et al. HMGBI1 released from GSDME-
mediated pyroptotic epithelial cells participates in the tumorigenesis
of colitis-associated colorectal cancer through the ERK1/2 pathway. |
Hematol Oncol. 2020;13:149.

[14] Hou J, Zhao R, Xia W, et al. PD-L1-mediated gasdermin C expression
switches apoptosis to pyroptosis in cancer cells and facilitates tumour
necrosis. Nat Cell Biol. 2020;22:1264-75.



Wu et al. ® Medicine (2023) 102:8 Medicine

A AL355353.1(p=0.008) B AC092171.4(p=0.002) C AL139089.1(p=0.008)
'Q' = High '0" —— High 'O" = High
-_— LW — Low — Low
2 ) L o
8 a Co o
g, g, g,
ce S o c o
3 = =1
@, » »
° 1] 2 4 ] 8 10 12 14 = 1] 2 4 6 8 10 12 14 ° 1] 2 4 6 8 10 12 14
Time (year) Time (year) Time (year)
D MIR200CHG(p=0.015) E PTOV1-AS2(p=0) F AC010542.5(p=0.002)
2 — High 2 —— High 2 —— High
— oW — Low — LW
'y e o
Co € €
® © ©
=, = =
F ] 2o
3 > >
@? (7} (%}
° 1] 2 4 ] 8 10 12 14 ° 1] 2 4 6 8 10 12 14 ° 1] 2 4 6 8 10 12 14
Time (year) Time (year) Time (year)
G AC104825.1(p=0.001) H AC010326.3(p=0.01) I AC008124.1(p=0.037)
2 = High 2 = High 2 = High
—_— Low — Low - Low
e e o
T T T q
© © ©
2. = -
b o fs
3 > >
@ o @
° 0 2 4 ] 8 10 12 14 - ] 2 4 6 8 10 12 14 ° 0 2 4 ] 8 10 12 14
Time (year) Time (year) Time (year)
J _ K -
AL136084.3(p=0.001) LINCO01871(p=0.034)
2 — High 2 — High
-_— Low — Low
D ° Q °
E © -§ ©
© ©
= =
co ]
3 >
@ 23
° 0 2 4 6 8 10 12 14 ° '] 2 4 6 8 10 12 14
Time (year) Time (year)

Figure 4. Survival analyses of IncRNAs associated with overall survival. Kaplan-Meier curves for (A) AL355353.1, (B) AC092171.4, (C) AL139089.1, (D)
MIR200CHG, (E) PTOV1-AS2, (F) AC010542.5, (G) AC104825.1, (H) AC010326.3, () AC008124.1, (J) AL136084.3, and (K) LINC0O1871. IncRNA = long non-
coding RNA.

[15] Zhang X, Yang Q. A pyroptosis-related gene panel in prognosis pre- [22] Chen M, Nie Z, Li Y, et al. A new ferroptosis-related IncRNA signature

diction and immune microenvironment of human endometrial cancer. predicts the prognosis of bladder cancer patients. Front Cell Dev Biol.
Front Cell Dev Biol. 2021;9:705828. 2021;9:699804.
[16] Ye Y, Dai Q, Qi H. A novel defined pyroptosis-related gene signature for [23] Cui Y, Zhou Z, Chai Y, et al. Identification of a nomogram from
predicting the prognosis of ovarian cancer. Cell Death Discovery. 2021;7:71. ferroptosis-related long noncoding RNAs signature to ana-
[17] Chen W, Zhang W, Zhou T, et al. A newly defined pyroptosis-related lyze overall survival in patients with bladder cancer. ] Oncol.
gene signature for the prognosis of bladder cancer. Int | General Med. 2021;2021:8533464.
2021;14:8109-20. [24] Liu X, Chen B, Chen ], et al. A novel tp53-associated nomogram to
[18] Karki R, Kanneganti TD. Diverging inflammasome signals in tumori- predict the overall survival in patients with pancreatic cancer. BMC
genesis and potential targeting. Nat Rev Cancer. 2019;19:197-214. Cancer. 2021;21:335.
[19] Xia X, Wang X, Cheng Z, et al. The role of pyroptosis in cancer: [25] Lai C, Wu Z, Li Z, et al. A robust signature of immune-related long
pro-cancer or pro-“host?”. Cell Death Dis. 2019;10:650. non-coding RNA to predict the prognosis of bladder cancer. Cancer
[20] Wang B, Yin Q. AIM2 inflammasome activation and regulation: a Med. 2021;10:6534-45.
structural perspective. J Struct Biol. 2017;200:279-82. [26] Lai C, Wu Z, Shi ], et al. Autophagy-related long noncoding RNAs
[21] Man SM, Kanneganti TD. Regulation of inflammasome activation. can predict prognosis in patients with bladder cancer. Aging (Milano).
Immunol Rev. 2015;265:6-21. 2020;12:21582-96.



Wu et al. ® Medicine (2023) 102:8

[27]

[28]

[29]

(30]

Tong H, Li T, Gao S, et al. An epithelial-mesenchymal transition-re-
lated long noncoding RNA signature correlates with the progno-
sis and progression in patients with bladder cancer. Biosci Rep.
2021;41:BSR20203944.

Zhang Y, Zhu B, He M, et al. N6-methylandenosine-related IncRNAs
predict prognosis and immunotherapy response in bladder cancer.
Front Oncol. 2021;11:710767.

Lu H, Wu ], Liang L, et al. Identifying a novel defined pyroptosis-asso-
ciated long noncoding RNA signature contributes to predicting prog-
nosis and tumor microenvironment of bladder cancer. Front Immunol.
2022;13:803355.

Lu Z, Tang E Li Z, et al. Prognosis risk model based on pyro-
ptosis-related IncRNAs for bladder Dis Markers.
2022;2022:7931393.

cancer.

www.md-journal.com

[31] Tamura Y, Morikawa M, Tanabe R, et al. Anti-pyroptotic function of

[32]

[33]

[34]

TGEF-f is suppressed by a synthetic dsRNA analogue in triple negative
breast cancer cells. Mol Oncol. 2021;15:1289-307.

Rong L, Zhao R, Lu J. Highly expressed long non-coding RNA
FOXD2-AS1 promotes non-small cell lung cancer progression via WNT/
[-catenin signaling. Biochem Biophys Res Commun. 2017;484:586-91.
Yang X, Duan B, Zhou X. Long non-coding RNA FOXD2-AS1
functions as a tumor promoter in colorectal cancer by regulating
EMT and Notch signaling pathway. Eur Rev Med Pharmacol Sci.
2017;21:3586-91.

Lei Q, Yi T, Chen C. NF-kB-Gasdermin D (GSDMD) axis couples oxi-
dative stress and NACHT, LRR and PYD domains-containing Protein 3
(NLRP3) inflammasome-mediated cardiomyocyte pyroptosis following
myocardial infarction. Med Sci Monit. 2018;24:6044-52.

A Risk == High risk == Low risk E ] e Dead ¢ . :. *
% He Ah.:e - . . o . .
~ L LI -
1.00 g ] ¢ et ssel . .
= . -® . .
S e eq.%e -. >, .‘-':;"J *w’s . 2 .
T -
2 o
g 075 ;.5) 0 100 200 300 400
% Patients (increasing risk socre)
=]
[ . -
[=% 0.50 ™ e High risk ! H
T : 0 o+ e low Risk : -
> = e —— e,
= Qo I
g s .
w 0.25 [ . !
p=3.247e-09 T T = T T
o] 100 200 300 400
Patients (increasing risk socre)
0.00
a 1 2 3 4 5 6 7 B8 9 10 11 12 13 14 ITEEFIITITITIIITETITNNTNDE Type Type
. I high
Time(years) low
7
6
% Highrisk{ 196 119 42 30 21 16 10 10 4 4 2 1 1 1 0 :
or : LINCO1871
X Lowrisk{197 160 76 47 39 28 17 11 9 5 4 2 1 1 0 pravesua kI
0 1 2 3 4 5 6 7 8 10 11 12 13 14 ACO081241 - R
ACOR21714 1
AL139089.1 o

Time(years)

Figure 5. Risk score model establishment utilizing pyroptosis-related INcRNAs. (A) The Kaplan—-Meier analysis unveiled a significantly shorter overall survival of
the high-risk group than that of the low-risk group. (B) Each patient’s survival status. (C) Patient risk rating distributions. (D) Pyroptosis-related INcRNA heatmaps
in low and high risk groups. Warm colors indicated a high level of expression, whereas cool colors indicated a low level of expression. INCRNA = long noncoding

RNA.

A B C = —
pvalue Hazard ratio | pvalue Hazard ratio I ’f.l,
L o | ’
age <0.001 1.040(1.022-1.058) ' age <0.001 1.034(1.015-1.053) ] E S -
[
gender 0422 1.161(0.806-1.674) - gender 0588 1.108(0.764-1.607) [Y N > 24
=
T <0.001 1.852(1.292-2.113) ||...| T 0,070 1.300(0.978-1.726) I.._. g .
| ] o o
N <0.001 2418(1.731-3.380) | —_—— N 0.546 1.164(0.711-1.904) '-I'—| g — risk score (AUC=0.730)
= o age (AUC=0.674)
] <0.001 2.378(1.669-3.390) | o — M 0071 1.593(0.961-2.640) F s — %ﬁ'ﬁgiﬁ%‘;‘gg’-*‘m?
) - = N (AUC=0.621)
riskScore <0.001 3.587(2.715-4.740) [ riskScore <0.001 3.234(2.383-4.389) [ — 2 M {AUC=0.598)
T T T T T T
o] 1 2 3 4 0 1 2 3 4 0.0 02 04 06 08 1.0

Hazard ratio

Hazard ratio

False positive rate

Figure 6. Analyses of prognostic values using the risk score and clinical variables. (A) The risk score was revealed to be strongly associated with overall survival
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Wu et al. ® Medicine (2023) 102:8

Medicine

A

Points

Age

Gender

T

N

M

RiskScore
Total Points
3-year survival
5-year survival

C

0

laaasassnnnssl
30,50 70 90
rl1

024

0o 1

2

3

0.99
0.99

D

0908060402005
0908 06040.20.05

m

10 20 30 40 50 60 70 80 90 100

30 40 50 60 70 80 90 100 110 120

Sens

1.0

nvr
06 08

0.4

0.2

= AUC of 3 year survival: 0.783
J == AUC of § year survival: 0.781

0.0

04 06 08 1.0

1-Specificity

0.2

=%

=4

o~
=1

Actual 3-Year Survival

<
=

LA LA R b

1.0

Lkd L L ICY

Net benefit

00 01

Actual 5-Year Survival
00 02 04 06 08

02 03 04

== None
Al
= = Nomogram

Net benefit

1

— None

= =Nomogram

00 01 02 03 04 05

00
Predicted 3-Year Survival

02 04 08 00 02 04 06 08 10

Predicted 5-Year Survival

08 10

T
0.0

T T
02 04

T T T
06 08 10

Threshold probability

T T T T T
02 04 06 08 10

Threshold probability

T
00

Figure 7. Establishment and interpretation of the nomogram for clinical variables and pyroptosis-related INcCRNAs. (A) Establishment of the nomogram. (B)
AUC:s for 3- and 5-year OS were 0.783 and 0.781, respectively, according to ROC curve analysis. (C) The nomogram 3-year OS calibration curve. (D) The nomo-
gram calibration curve for a 5-year OS. (E) The DCA for the nomogram 3-year OS. (F) The DCA for the nomogram 5-year OS. DCA = decision curve analysis,
INcRNA = long noncoding RNA, OS = overall survival, ROC = receiver operating characteristic.
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Figure 8. The results of Gene Set Enrichment Analysis. (A) According to the Gene Ontology enrichment analysis, pyroptosis-related INcRNAs were enriched
in growth factor binding, oxidative stress, epithelial-mesenchymal transition, respiratory electron-transport chain, extracellular matrix binding, and structural
constituent. (B) The Kyoto Encyclopedia of Genes and Genomes pathway analysis showed that these INcCRNAs were relevant to cell adhesion, cancer pathway,
oxidative phosphorylation, leukocyte transendothelial migration, TGF-f3, and WNT signaling pathway. INcRNA = long noncoding RNA.




