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Comprehensive analysis of the
endoplasmic reticulum stress-
related long non-coding RNA in
bladder cancer

Zhenyu Wu™, Yue Wang?®, Mengxin Yan? Quan Liang®, Bin Li*,
Guoliang Hou?, Taolin Xia*, Zhe Lin™* and Wenfeng Xu™

Department of Urology, The First People’s Hospital of Foshan, Foshan, China, 2The First Clinical
Medical College, GuangDong Medical University, ZhanJiang, China

Background: Bladder cancer is ranked the second most frequent tumor among
urological malignancies. The research strived to establish a prognostic model
based on endoplasmic reticulum stress (ERS)-related long non-coding RNA
(IncRNA) in bladder cancer.

Methods: We extracted the ERS-related genes from the published research
and bladder cancer data from the Cancer Genome Atlas database. ERS-related
IncRNAs with prognostic significance were screened by univariate Cox
regression, least absolute shrinkage and selection operator regression
analysis and Kaplan-Meier method. Multivariate Cox analysis was leveraged
to establish the risk score model. Moreover, an independent dataset,
GSE31684, was used to validate the model's efficacy. The nomogram was
constructed based on the risk score and clinical variables. Furthermore, the
biological functions, gene mutations, and immune landscape were investigated
to uncover the underlying mechanisms of the ERS-related signature. Finally, we
employed external datasets (GSE55433 and GSE89006) and gRT-PCR to
investigate the expression profile of these IncRNAs in bladder cancer tissues
and cells.

Results: Six ERS-related IncRNAs were identified to be closely coupled with
patients’ prognosis. On this foundation, a risk score model was created to
generate the risk score for each patient. The ERS-related risk score was shown
to be an independent prognostic factor. And the results of GSE31684 dataset
also supported this conclusion. Then, a nomogram was constructed based on
risk scores and clinical characteristics, and proven to have excellent predictive
value. Moreover, the gene function analysis demonstrated that ERS-related
IncRNAs were closely linked to fatty extracellular matrix, cytokines, cell
adhesion, and tumor pathways. Further analysis revealed the association of
the 6-IncRNAs signature with gene mutations and immunity in bladder cancer.
Finally, the external datasets and gRT-PCR verified high expressions of the ERS-
related INncRNAs in bladder cancer tissues and cells.
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Conclusions: Overall, our findings indicated that ERS-related IncRNAs, which
may affect tumor pathogenesis in a number of ways, might be exploited to
assess the prognosis of bladder cancer patients.
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Introduction

As the world’s number ten most frequent malignant tumor
and number two 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 (NMIBC) as well as muscle
invasive bladder cancer (MIBC). Most patients with NMIBC
eventually progress to MIBC, whose 5-year overall survival (OS)
was less than 50% (2, 3). Even with proper treatment,
approximately half of bladder cancer patients suffer from
recurrence or distant metastasis after radical surgery (4, 5).
However, prognosis prediction and individualized treatment of
bladder cancer still remain a challenge as it may be relevant to the
biological heterogeneity of tumor (6). Because current approaches
are insufficient for reliably assessing the prognosis of bladder
cancer, a more trustworthy method must be investigated.

Endoplasmic reticulum stress (ERS) is defined as an
imbalance in endoplasmic reticulum homeostasis, which
includes the unfolded protein response (UPR) and
perturbation in calcium (7). Relevant studies have
demonstrated that ERS has a major part in the genesis and
progression of a variety of human malignancies (8). Sustained
mobilization of ERS endows malignant cells with greater
tumorigenic, metastatic and drug resistant capacities (9).
However, ERS overactivation may disrupt cellular homeostasis
and leads to tumor cell death (10). On account for this, ERS and
their downstream signaling pathways have emerged as a key
regulator of tumor progression and response to chemotherapy
and immunotherapy (11).

Recently, emerging studies have indicated that long non-
coding RNA (IncRNA) plays a significant role in the regulation
of gene expression and contributes to the development of
numerous human diseases (12). Abnormalities of IncRNAs
have been verified to be tumor-suppressive or tumor-
oncogenic and to play a key role in tumor development (13).
LncRNAs are important in multi-gene regulatory networks, and
they can be utilized to diagnose and predict survival in a variety
of cancers (14). Multiple IncRNAs signature have been
researched in bladder cancer (15-17). However, the role of
ERS-related IncRNA in bladder cancer remains to be studied.
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In this research, we extracted the sequencing data and
corresponding clinical data from the Cancer Genome Atlas
(TCGA) and ERS-related genes from published research. We
strived to establish a prognostic model based on ERS-related
IncRNA, which can evaluate the prognosis of bladder cancer
patients, and to explore its function in the occurrence and
development of bladder cancer.

Materials and methods

Identification of ERS-related LncRNAs

We downloaded the RNA sequencing data, gene mutation
data and corresponding clinical information of bladder cancer
from TCGA database!, and extracted an ERS-related genes from
published literature (18). On the premise that correlation
coefficient |R*| > 0.3 and p < 0.05 were considered to be
statistically significant, we identified ERS-related IncRNAs
through Pearson correlation analysis. In the condition of |log,
(Fold Change)| > 1 and False Discovery Rate < 0.05, we obtained
the ERS-related IncRNAs differentially expressed between tumor
and normal adjacent tissues (NATS).

Screening of prognosis-related LncRNAs

Patients with follow-up of more than one month were included
in the following study. Univariate Cox regression was performed to
identify prognosis-associated IncRNAs with a criteria of p < 0.05.
Least absolute shrinkage and selection operator (LASSO) regression
analysis and Kaplan-Meier analysis were used to further screened
IncRNAs tightly related to OS.

Building a risk score model

Patients were randomly classified into the training and testing
sets in a 2:1 ratio. In the training set, we executed multivariate
stepwise Cox regression on the above IncRNA to compute their

thttps://cancergenome.nih.gov/
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respective coefficients (Bi). Then, a risk score model was
constructed from i and gene expression levels (Expi). According
to the formula, the risk score for each patient is calculated. In
addition, we used the median risk score as a cutoff to classify all
eligible patients into high- and low-risk teams. Prognostic
differences between high- and low-risk patients were revealed
using Kaplan-Meier survival curves, and we applied the testing
group to validate the above findings. Meanwhile, we collected the
GSE31684 dataset (n = 93) from the Gene Expression Omnibus
(GEO) database” to verify the model’s efficacy.

Constructing and evaluating nomogram

In the training set, we used univariate and multivariate Cox
regression analyses to estimate the prognostic significance of risk
scores and clinical factors, including gender, age, and TMN
stage. In order to predict OS of each patient, risk scores and
clinical characteristics were incorporated to establish a
nomogram. Next, the area under the curve (AUC) values were
acquired by receiver operating characteristic (ROC) curves to
evaluate the nomogram’s predictive efficacy. Subsequently, the
predictability of this nomogram was verified by concordance
index (C-index) method, calibration plots, and testing cohort.

Functional analysis

We performed gene set enrichment analysis (GSEA) on the
gene expression profile between the high- and low-risk cohorts
using the gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomics (KEGG) gene sets. The molecular mechanism
and biological functions of risk score may provide insights into
the underlying mechanisms of ERS-related IncRNAs. Besides, we
analyzed the gene mutation status between two groups to
explore possible links between ERS-related IncRNAs and
mutations. To explore the relationship between these IncRNAs
and immunity, the immune cell abundance, immune function,
and immune checkpoints were compared between two cohorts.
Furthermore, the immunophenoscore was used to predict
response to immunotherapy between two groups, which were
acquired from the Cancer Immunome Atlas® (19).

External datasets and qRT-PCR validation

GSEB9006 dataset (4 pairs of bladder cancer and NATs) and
GSE55433 dataset (tumor = 57, normal = 26) were collected in
the GEO database to verify the expression of target IncRNAs.

2 https://www.ncbi.nlm.nih.gov/gds/

* https://tcia.at/
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Next, bladder cancer cells (EJ-1, U3, and 5637) and normal
bladder epithelium cells (SV-HUC-1) were purchased from Cell
Bank, Institute of Life Sciences, Chinese Academy of Sciences
Cell Bank (Shanghai, China). Total RNA was isolated using
TRIzol reagent (Bioteke, Beijing, China). Then, reverse
transcription was conducted utilizing the HiScript II Q RT
SuperMix reagent (Vazyme, Nanjing, China). Subsequently,
qRT-PCR was performed by the Hieff TMqPCR SYBR® Green
Master Mix (Yeasen, Shanghai, China) with the primers
provided in the Supplementary Table S1. We executed qRT-
PCR with the Bio-Rad CFX96 Real-time Quantitative PCR
System (Bio-Rad, California, USA).

Statistical analysis

Statistical analyses of this research were entirely conducted
in the R software®. To identify the relationships between ERS-
related genes and IncRNAs, Pearson correlation analysis was
carried out. For comparison of the differences of categorical and
continuous variables, the Chi-square test as well as the t-test was
used, respectively. Univariate Cox regression, multivariate Cox
regression, LASSO regression analysis, and Kaplan-Meier
method were conducted to identify the optimal prognostic
factors. In evaluating the OS of patients in various groups, the
Kaplan-Meier method was utilized, and differences between
groups were assessed utilizing log-rank test. At a two-tailed p
< 0.05, the results were regarded statistically significant.

Results

Identification of ERS-related LncRNAs

Figure 1 presented the flowchart of our investigation. We
obtained data of 411 tumor tissues and 19 NATs from 411
patients in TCGA database, and 252 ERS-related genes from the
published research (Supplementary Table S2). A total of 263
ERS-related IncRNAs were identified with Pearson correlation
analysis. Then, we screened out 53 ERS-related IncRNAs that
were differentially expressed in bladder cancer and NATSs,
including 18 upregulated and 35 downregulated in
tumors (Figure 2).

Screening of prognosis-associated
LncRNAs

We performed univariate Cox regression on the above ERS-
related IncRNAs and recognized 13 IncRNAs associated with

“ https://www.r-project.org, version 4.0.2
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FIGURE 1
This study’s design and flowchart.
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related INcRNAs were up-regulated and 18 were down-regulated. (D) The heatmap illustrated expression profile of ERS-related IncCRNAs.
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prognosis (Figure 3A). Six key IncRNAs were further screened
by LASSO analysis (Figure 3B, C) and Kaplan-Meier analysis
(Supplementary Figure S1), namely AL355488.1, AL035461.2,
MAFG-DT, AC008735.2, MIR200CHG, and KRT7-AS.

Establishing a risk scoring model

In the training set, we constructed a risk score model including
Expiand Bi: Risk  score = Ele(Exp,- + 3;) (Table 1). Patients were
split into two groups, a high-risk group and a low-risk group,
according to the median risk score. The high-risk group’s OS was
considerably shorter in comparison to the low-risk group (Figure 4).
Comparing to the risk coefficient and the mortality of patients of the
low-risk group, those of the high-risk group were higher (Figure 4D).
Similar findings were revealed using the same method on the testing
group (Figure 4E, F). Meanwhile, the results of GSE31684 dataset also
verified the model’s efficacy (Figure 4G, H).

Constructing and evaluating nomogram

In the training set, it was observed that the clinical variables
and risk score were closely associated to OS in the univariate Cox
regression. Further multivariate Cox analysis indicated that risk
score was an independent prognostic factor (Figure 5A, B). In
addition, the ROC curve illustrated that the 6-IncRNAs signature
was a remarkable prognostic predictor (Figure 5C). Then, using
the multivariate Cox regression results, including clinical factors
and risk scores, we constructed a nomogram (Figure 6A). Then
we analyzed the 3- and 5-year OS of this prognostic model using
ROC curves and obtained AUCs of 0.782 and 0.781, respectively
(Figure 6B). The C-index of the model was 0.742. The established
calibration plots demonstrated that the model had a favorable
predictive effect (Figure 6C, D). We obtained similar outcomes
with the same technique on the testing cohort (Figure 5D-F, 6E-
G). The C-index of testing cohort was 0.717.

10.3389/fonc.2022.951631

Functional analysis

ERS-related IncRNAs may be involved in fatty acid metabolism,
peroxidation, extracellular matrix, endoplasmic reticulum, and
cytokines (Figure 7A), which were demonstrated by GO analysis.
KEGG analysis indicated that these IncRN As may be associated with
functions such as cell adhesion, cytokines, drug metabolism, tumor
pathways, and oxidative phosphorylation (Figure 7B). Gene
mutations between the high-risk patients and the low-risk patients
were displayed in waterfall plots (Figures 7C, D). The top five genes
with the highest mutation frequency in the high-risk team were
TP53, TTN, MUCI16, ARID1A, and KMT2D, while the top five
genes in the low-risk team were TTN, TP53, KMT2D, MUCI16, and
KDMG6A, revealing ERS-related IncRNAs may be associated with
gene mutations. As it was shown in Figure 8A, the abundances of
CD4+ T cells, CD8+ T cells, neutrophils, and macrophages were
markedly enriched in the high-risk team compared to the low-risk
team. Immune functions including cytolytic activity, HLA function,
IFN response, and T cell stimulation were relatively active in the
high-risk group (Figure 8B). In addition, the study of immune
checkpoints uncovered a high expression of immunosuppressive
receptors (CTLA4, PD-1, LAG3, BTLA, and TIGIT) and
immunosuppressive ligands (PD-L2 and TNFSF14) in high-risk
cohort (Figure 8C). Further analysis showed that the response to
immunotherapy in the high-risk set was better than that in the low-
risk set, suggesting that risk scores can predict the efficacy of
immunotherapy (Figure 8D, E). Overall, the association between
the risk score and tumor immune landscape were assessed, and the
outcomes demonstrated that the risk score was related to different
immune landscape.

External datasets and qRT-PCR validation

Next, we validated the expression level of target IncRNAs
using the GSE55433 and GSE89006 datasets. The GSE55433
dataset discovered that KRT7-AS and AL355488.1 were
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TABLE 1 The prognostic significance of the 6-IncRNAs signature.

ERS-related IncRNAs

AL355488.1
AL035461.2
MAFG-DT
AC008735.2
MIR200CHG
KRT7-AS

significantly overexpressed in tumor compared with NATSs
(Figure 9A). Furthermore, GSE89006 dataset showed a high
expression of AL035461, AC008735.2, and MIR200CHG in
bladder cancer compared with NATSs (Figure 9B).

Moreover, qRT-PCR showed that the expression of
AL355488.1, AL035461.2, MAFG-DT, and AC008735.2 was
significantly upregulated in EJ-1 and U3 cells compared with
SV-HUC-1 cells (Figure 9C). In 5637 cell line, MIR200CHG and
KRT7-AS were considerably upregulated (Figure 9D). The
results of external datasets and QRT-PCR were consistent with
the findings of TCGA analysis.

Discussion

Bladder cancer is one of the most common malignancies of the
genitourinary system, with approximately 550,000 new cases each
year (20). The high incidence, malignant behavior, and drug
resistance of bladder cancer have made the therapy and prognostic
management an increasing challenge (21). The search for a novel
molecular marker to assess the prognosis and guide the treatment of
patients with bladder cancer is therefore of great importance.

>

Entire cohort Training cohort

Risk < High risk == Low risk

Risk - High risk == Low risk

Survival probability
Survival probability

Survival probability

10.3389/fonc.2022.951631

Coef HR
-0.024623135 0.881333378
-0.018783391 0.926879906
0.044346228 1.062089764
-0.017581442 0.917739074
-0.002668355 0.987752228
-0.003720336 0.976742661

Accumulated studies have developed multiple signatures to
predict prognosis of patients with tumors. Huang et al. (18)
uncovered a ERS-related signature which may serve as a marker
for prognosis prediction and individualized therapy of glioma.
Zhou et al. (22) revealed that the immune-related IncRNAs
signature had prognostic value for glioblastoma patients. Zheng
et al. (23) have developed a hypoxia-immune signature to predict
the prognosis and immune status for triple-negative breast cancer.
Xie et al. (24) constructed a necroptosis signature to predict
prognosis and drug sensitivity of triple-negative breast cancer.
Meanwhile, a ferroptosis-based signature has been established,
which may serve as a novel therapy biomarker for lung squamous
cell carcinoma (25). However, the role of ERS-related IncRNA in
bladder cancer remains to be studied.

In this study, we extracted ERS-related genes and sequencing
data of bladder cancer from online database, and obtained ERS-
related IncRNAs differentially expressed between tumor and NATs.
Next, we further screened prognosis-associated IncRNAs by
univariate Cox regression, LASSO regression and Kaplan-Meier
analyses. The 6-IncRNAs signature was utilized to develop a risk
model that separated patients of bladder cancer into a high-risk
group and a low-risk group. Prognosis analysis revealed that the
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univariate Cox analysis and multivariate Cox analysis in training and testing cohort, respectively. (B, E) Alluvial diagrams showing the associations
between risk scores and clinical variables in training and testing groups, respectively. (C, F) ROC curve analyses of the risk scores and clinical

variables in training and testing sets, respectively.

low-risk group patients presented favorable OS. Additionally, a

nomogram was established and demonstrated to have a strong

prognostic effect.

Through our study, 6 IncRNAs were identified to be
associated with bladder cancer prognosis. Among them,
AL355488.1, AL035461.2, MIR200CHG, AC008735.2, and
KRT7-AS had a protective effect for prognosis, while MAFG-

DT presented the opposite effect. AL355488.1 has previously
been shown to be a potential biomarker for targeted therapy and
prognosis in hepatocellular liver cancer (26). And MIR200CHG
was found to be a protective indicator for bladder cancer patients
(27). AC008735.2 was significantly associated with targeted
therapy and prognosis in patients with clear cell renal cell
carcinoma (28). KRT7-AS played an important role in cancer

FIGURE 6

Frontiers in Oncology

Nomogram-Predicted Probability of 3-Year Survival

Nomogram-Predicted Probability of 5-Year Survival

07

Nomogram-Predicted Probability of 3-Year Survival

A B
0 10 20 30 40 5 60 70 80 90 100 e e
Points - -
age ———————————— © ©
30 40 50 60 70 & 90 >0 >o
gender P = =
1 T4 = © = ©
T = o = o
™ 1 T2 7} »n
N — c =4
M ! D3 [T
|
1 n (2]
riskScore N o~
-1 -08 -06 -04 -02 0 02 04 06 o =1
Total Points.
X 0 20 40 60 80 100 120 140 160 180 200 220 o " Aol your s 0702 o || — AIC o 3 year st 084
3-year survival =1 — AUCof 5 year survival: 0781 S — AUC of  yoar survhat: 0834
099 0.9 0.8 060.40.20.05 T T T T T T T
5-year survival 00 02 04 06 08 10 00 02 04 06 08 10
099 09 0.8 0.60.40.2005 1-Specificity 1-Specificity
C D F G
2 ™ EF B S LA 2 2
£ L g £o N
2o ze° - 2o z°
> 1 > = =1
D o Y [ D o Do
> < L)// > < > > <
1S ] f ]
© 1 © © 0
S saf - 3 EE
S ER - 5
b+ 7] . b1 1
<. < < . < .
o1l ol o1 ol
00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10

Nomogram-~Predicted Probability of 5-Year Survival

Establishment and interpretation of the nomogram for clinical variables and ERS-related IncRNAs. (A) Establishment of the nomogram. (B, E)
ROC curve analyses of the nomogram in training and testing sets, respectively. (C, F) The nomogram's 3-year OS calibration curve in training
and testing groups, respectively. (D, G) The nomogram'’s calibration curve for a 5-year OS in training and testing sets, respectively.

frontiersin.org


https://doi.org/10.3389/fonc.2022.951631
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wu et al.

© GOBP_FATTY_ACID_BETA_OXIDATION
© GOBP_FATTY_ACID_CATABOLIC_PROCESS
o, © GOBP_PEROXISOMAL TRANSPORT

© GOCC_ENDOPLASMIC_RETICULUM_LUMEN
© GOMF_CYTOKINE_BINDING

Enrichment Score

illll\llll (LN IR LR

LU 111

High rigks=—-——--=--->| Low risk

Altered in 182 (92.86%) of 196 samples.

3
P53

™
‘muc6 IO

ARID1A |

Ilrlll IIIIII I

OBSCNIIIIIIII IIII |

IIIII III ||
|

FGFR
%
s
N
Fe

FIGURE 7

% © GOCC_COLLAGEN CONTAINING_EXTRACELLULAR_MATRIX

10.3389/fonc.2022.951631

© KEGG_ALPHA LINOLENIC_ACID_METABOLISM
© KEGG_CELL ADHESION MOLECULES CAMS

© KEGG_CHEMOKINE_SIGNALING_ PATHWAY

© KEGG_DRUG_METABOLISM_CYTOCHROME P40
© KEGG_OXIDATIVE_PHOSPHORYLATION

© KEGG_PATHWAYS_IN_CANCER

Enrichment Score

wlwl it

High risk<----------->Low risk
Altered in 190 (96.45%) of 197 samples.
e
]MLM“_I‘A,L“L-—-AA]47LM,A; DR
I oy s
Tf | "y ! \m
:;c«s Il Fl III m R— L] o
i i by I LT
PMCAIIIII u|| nin IlI i I| L Ly h'.' R
o |||'I| [||' b III“I H | [m it i i I| i e

s

OBSCN LA

xuwz LI I ) 1 g i 1" |
osTIIL f 1T I i

= Missense_Mutation
Nonsense Wutaton * n_
Splice_Site

Frame Shit ins + Nl it
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(C, D) Waterfall plots of gene somatic mutations in high- and low-risk patients, respectively.

regulation and was superior to other clinicopathological features
in predicting survival (29). In addition, the expression of MAFG-
DT in bladder cancer was higher than that in NATs and can
promote tumor growth and progression, which can be served as
a predictor of patient prognosis (30).

In GSEA analysis, these ERS-related IncRNAs were associated
with functions of fatty acid metabolism, peroxidation,
extracellular matrix, cytokines, cell adhesion, tumor pathways,
and oxidative phosphorylation. It has been shown that fatty acid
metabolism may be associated with the production and stemness-
maintenance of cancer stem cell, thereby affecting the prognosis of
tumors (31, 32). Besides, extracellular matrix regulation could not
only facilitate tumor cells invasion but also contribute to the
generation and maintenance of cancer stem cell niche (33).
Moreover, the regulation of cell adhesion alters the ability of
tumor cells to interact with extracellular matrix and adjacent cells,
thereby affecting the biological behavior of tumors (34). It was
generally known that the endoplasmic reticulum was the origin of
ERS, and the degradation of stress proteins helped restore cellular
homeostasis (35, 36). Taken together, these findings may inspire
scholars to further explore the molecular mechanism of ERS-
related IncRNAs in bladder cancer.

In addition, we analyzed the mutations between the high- and
low-risk patients. The top five mutated genes in the high-risk
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cohort were TP53, TTN, MUC16, ARID1A, and KMT2D, while
those in the low-risk cohort were TTN, TP53, KMT2D, MUCI6,
and KDM6A. It was reported that TP53 mutation can increase
cancer cells’ resistance to ERS through maintaining the activation of
UPR regulator ATF6 and inhibition of pro-apoptotic factors JNK
and CHOP (37). This led us to speculate that increased TP53
mutations in high-risk team may inhibit the ERS damage in tumor
cells, resulting in a poorer prognosis of patients. Similarly, ARID1A
mutation was demonstrated to protect cancer cells from changes in
tumor microenvironment by upregulating ERS (38). It made us
hypothesize that elevated ARID1A mutations in the high-risk team
might promote tumor progression and bring about poor prognosis.
Furthermore, the investigation of immune landscape showed that
the infiltration of immune cell and immune functions in the high-
risk team were relatively active compared to those in the low-risk
team. Notably, the infiltration of CD8+ T cells was significantly
higher in the high-risk group than in the low-risk group, which
contradicted the antitumor effect of these cells. On this basis, we
further explored the immune checkpoints and uncovered a high
expression of immunosuppressive receptors (CTLA4, PD-1, LAG3,
BTLA, and TIGIT) and immunosuppressive ligands (PD-L2 and
TNESF14) in high-risk cohort. Overexpression of these molecules
might promote immune tolerance in bladder cancer, thereby
affecting the prognosis of patients. The elucidation of immune
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CTLA4 therapy between two groups. **p < 0.01; ***p < 0.001.

checkpoints could also help identify potential target patients and
contribute to the development of immunotherapy.

Our research has a few limitations. For starters, it is just a
retrospective research based on IncRNA data and few clinical
variables from TCGA database, which is lacking in some detailed
clinical information. Second, the prognostic value and the biological
functions of ERS-related IncRNAs are not yet fully elucidated.
Finally, although the validation was performed in the cell lines
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through qRT-PCR, further in vivo or in vitro experiments were
needed to investigate the concrete mechanisms of the IncRNAs.

Conclusion

We constructed a prognostic model in the basis of ERS-
related IncRNA, which had a superior effect on predicting the
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survival rate of patients with bladder cancer. Therefore, this
indicated that ERS-related IncRNAs can be a reliable
predictor of the prognosis for bladder cancer patients and
may be closely related to the occurrence and development of
bladder cancer.

Data availability statement

The original contributions presented in the study are
included in the article/Supplementary Material. Further
inquiries can be directed to the corresponding authors.

Ethics statement

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

Frontiers in Oncology

10

Author contributions

WX and ZL designed and facilitated the study. ZW and YW
analyzed the data and completed the draft. MY and QL participated
in the revision of the manuscript. BL, GH, and TX collected the data.
All authors read the manuscript and concur with its submission.

Funding
This work was funded by the Foshan Ascending Peak Plan Project
(grant no. 2020A012), Guangdong Basic and Applied Basic Research

Foundation (grant no. 2021A1515111197), and Guangdong Medical
Scientific Research Foundation (grant no. A2022222).

Acknowledgments

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

frontiersin.org


https://doi.org/10.3389/fonc.2022.951631
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wu et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: Globocan estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA: Cancer J Clin (2021) 71(3):209-49. doi: 10.3322/caac.21660

2. Ghandour R, Singla N, Lotan Y. Treatment options and outcomes in
nonmetastatic muscle invasive bladder cancer. Trends Cancer (2019) 5(7):426-
39. doi: 10.1016/j.trecan.2019.05.011

3. Patel VG, Oh WK, Galsky MD. Treatment of muscle-invasive and advanced
bladder cancer in 2020. CA: Cancer ] Clin (2020) 70(5):404-23. doi: 10.3322/caac.21631

4. Alfred Witjes ], Lebret T, Compérat EM, Cowan NC, De Santis M, Bruins
HM, et al. Updated 2016 eau guidelines on muscle-invasive and metastatic bladder
cancer. Eur Urol (2017) 71(3):462-75. doi: 10.1016/j.eururo.2016.06.020

5. WuY, Zhang L, He S, Guan B, He A, Yang K, et al. Identification of immune-
related Incrna for predicting prognosis and immunotherapeutic response in
bladder cancer. Aging (2020) 12(22):23306-25. doi: 10.18632/aging.104115

6. Lenis AT, Lec PM, Chamie K, Mshs MD. Bladder cancer: A review. Jama
(2020) 324(19):1980-91. doi: 10.1001/jama.2020.17598

7. Hetz C. The unfolded protein response: Controlling cell fate decisions under er
stress and beyond. Nat Rev Mol Cell Biol (2012) 13(2):89-102. doi: 10.1038/nrm3270

8. da Silva DC, Valentéo P, Andrade PB, Pereira DM. Endoplasmic reticulum stress
signaling in cancer and neurodegenerative disorders: Tools and strategies to understand
its complexity. Pharmacol Res (2020) 155:104702. doi: 10.1016/j.phrs.2020.104702

9. Cubillos-Ruiz JR, Bettigole SE, Glimcher LH. Tumorigenic and
immunosuppressive effects of endoplasmic reticulum stress in cancer. Cell (2017)
168(4):692-706. doi: 10.1016/j.cell.2016.12.004

10. Oakes SA, Papa FR. The role of endoplasmic reticulum stress in human pathology.
Annu Rev Pathol (2015) 10:173-94. doi: 10.1146/annurev-pathol-012513-104649

11. Chen X, Cubillos-Ruiz JR. Endoplasmic reticulum stress signals in the
tumour and its microenvironment. Nat Rev Cancer (2021) 21(2):71-88.
doi: 10.1038/s41568-020-00312-2

12. Esteller M. Non-coding rnas in human disease. Nat Rev Genet (2011) 12
(12):861-74. doi: 10.1038/nrg3074

13. Wang J, Su Z, Lu S, Fu W, Liu Z, Jiang X, et al. Lncrna hoxa-As2 and its
molecular mechanisms in human cancer. Clinica chimica acta; Int ] Clin Chem
(2018) 485:229-33. doi: 10.1016/j.cca.2018.07.004

14. Jiang C, Li X, Zhao H, Liu H. Long non-coding rnas: Potential new
biomarkers for predicting tumor invasion and metastasis. Mol Cancer (2016) 15
(1):62. doi: 10.1186/s12943-016-0545-z

15. Lai C, Wu Z, Li Z, Yu H, Li K, Tang Z, et al. A robust signature of immune-
related long non-coding rna to predict the prognosis of bladder cancer. Cancer Med
(2021) 10(18):6534-45. doi: 10.1002/cam4.4167

16. ChenK, Zhu S, Yu W, Xia Y, Xing J, Geng J, et al. Comprehensive analysis of
N6-Methylandenosine-Related long non-coding rnas signature in prognosis and
tumor microenvironment of bladder cancer. Front Oncol (2022) 12:774307.
doi: 10.3389/fonc.2022.774307

17. Lai C, Wu Z, Shi ], Li K, Zhu J, Chen Z, et al. Autophagy-related long
noncoding rnas can predict prognosis in patients with bladder cancer. Aging (2020)
12(21):21582-96. doi: 10.18632/aging.103947

18. HuangR, Li G, Wang K, Wang Z, Zeng F, Hu H, et al. Comprehensive analysis
of the clinical and biological significances of endoplasmic reticulum stress in diffuse
gliomas. Front Cell Dev Biol (2021) 9:619396. doi: 10.3389/fcell.2021.619396

Frontiers in Oncology

11

10.3389/fonc.2022.951631

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2022.951631/full#supplementary-material

19. Charoentong P, Finotello F, Angelova M, Mayer C, Efremova M, Rieder D,
et al. Pan-cancer immunogenomic analyses reveal genotype-immunophenotype
relationships and predictors of response to checkpoint blockade. Cell Rep (2017) 18
(1):248-62. doi: 10.1016/j.celrep.2016.12.019

20. Richters A, Aben KKH, Kiemeney L. The global burden of urinary bladder cancer:
An update. World ] Urol (2020) 38(8):1895-904. doi: 10.1007/s00345-019-02984-4

21. Mirzaei S, Paskeh MDA, Hashemi F, Zabolian A, Hashemi M, Entezari M,
et al. Long non-coding rnas as new players in bladder cancer: Lessons from pre-
clinical and clinical studies. Life Sci (2022) 288:119948. doi: 10.1016/
j1fs.2021.119948

22. Zhou M, Zhang Z, Zhao H, Bao S, Cheng L, Sun J. An immune-related six-
Incrna signature to improve prognosis prediction of glioblastoma multiforme. Mol
Neurobiol (2018) 55(5):3684-97. doi: 10.1007/s12035-017-0572-9

23. ZhengS, Zou Y, Liang JY, Xiao W, Yang A, Meng T, et al. Identification and
validation of a combined hypoxia and immune index for triple-negative breast
cancer. Mol Oncol (2020) 14(11):2814-33. doi: 10.1002/1878-0261.12747

24. Xie J, Tian W, Tang Y, Zou Y, Zheng S, Wu L, et al. Establishment of a cell
necroptosis index to predict prognosis and drug sensitivity for patients with triple-negative
breast cancer. Front Mol Biosci (2022) 9:834593. doi: 10.3389/fmolb.2022.834593

25. Diao X, Guo C, Liu L, Wang G, Li S. Identification and validation of an
individualized prognostic signature of lung squamous cell carcinoma based on
ferroptosis-related genes. Thorac Cancer (2021) 12(23):3236-47. doi: 10.1111/
1759-7714.14195

26. Huang K, Lu Z, Li L, Peng G, Zhou W, Ye Q. Construction of a cerna
network and a genomic-clinicopathologic nomogram to predict survival for hbv-
related hce. Hum Cell (2021) 34(6):1830-42. doi: 10.1007/s13577-021-00607-y

27. He RQ, Huang ZG, Li TY, Wei YP, Chen G, Lin XG, et al. Rna-sequencing
data reveal a prognostic four-Lncrna-Based risk score for bladder urothelial
carcinoma: An in silico update. Cell Physiol Biochem (2018) 50(4):1474-95.
doi: 10.1159/000494647

28. Li X, Yu H, Wei Z, Gou X, Liang S, Liu F. A novel prognostic model based
on autophagy-related long non-coding rnas for clear cell renal cell carcinoma.
Front Oncol (2021) 11:711736. doi: 10.3389/fonc.2021.711736

29. Peng Y, Wang H, Huang Q, Wu J, Zhang M. A prognostic model based on
immune-related long noncoding rnas for patients with epithelial ovarian cancer.
J Ovarian Res (2022) 15(1):8. doi: 10.1186/s13048-021-00930-w

30. Cui Y, Zhou Z, Chai Y, Che X, Zhang Y. Identification of a nomogram from
ferroptosis-related long noncoding rnas signature to analyze overall survival in patients
with bladder cancer. ] Oncol (2021) 2021:8533464. doi: 10.1155/2021/8533464

31. Yi M, Li J, Chen S, Cai ], Ban Y, Peng Q, et al. Emerging role of lipid
metabolism alterations in cancer stem cells. /] Exp Clin Cancer Res CR (2018) 37
(1):118. doi: 10.1186/s13046-018-0784-5

32. Tang Y, Tian W, Xie ], Zou Y, Wang Z, Li N, et al. Prognosis and dissection of
immunosuppressive microenvironment in breast cancer based on fatty acid metabolism-
related signature. Front Immunol (2022) 13:843515. doi: 10.3389/fimmu.2022.843515

33. Walker C, Mojares E, Del Rio Hernandez A. Role of extracellular matrix in
development and cancer progression. Int J Mol Sci (2018) 19(10):3028.
doi: 10.3390/ijms19103028

34. Liubli H, Borsig L. Altered cell adhesion and glycosylation promote cancer
immune suppression and metastasis. Front Immunol (2019) 10:2120. doi: 10.3389/
fimmu.2019.02120

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.951631/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.951631/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.trecan.2019.05.011
https://doi.org/10.3322/caac.21631
https://doi.org/10.1016/j.eururo.2016.06.020
https://doi.org/10.18632/aging.104115
https://doi.org/10.1001/jama.2020.17598
https://doi.org/10.1038/nrm3270
https://doi.org/10.1016/j.phrs.2020.104702
https://doi.org/10.1016/j.cell.2016.12.004
https://doi.org/10.1146/annurev-pathol-012513-104649
https://doi.org/10.1038/s41568-020-00312-2
https://doi.org/10.1038/nrg3074
https://doi.org/10.1016/j.cca.2018.07.004
https://doi.org/10.1186/s12943-016-0545-z
https://doi.org/10.1002/cam4.4167
https://doi.org/10.3389/fonc.2022.774307
https://doi.org/10.18632/aging.103947
https://doi.org/10.3389/fcell.2021.619396
https://doi.org/10.1016/j.celrep.2016.12.019
https://doi.org/10.1007/s00345-019-02984-4
https://doi.org/10.1016/j.lfs.2021.119948
https://doi.org/10.1016/j.lfs.2021.119948
https://doi.org/10.1007/s12035-017-0572-9
https://doi.org/10.1002/1878-0261.12747
https://doi.org/10.3389/fmolb.2022.834593
https://doi.org/10.1111/1759-7714.14195
https://doi.org/10.1111/1759-7714.14195
https://doi.org/10.1007/s13577-021-00607-y
https://doi.org/10.1159/000494647
https://doi.org/10.3389/fonc.2021.711736
https://doi.org/10.1186/s13048-021-00930-w
https://doi.org/10.1155/2021/8533464
https://doi.org/10.1186/s13046-018-0784-5
https://doi.org/10.3389/fimmu.2022.843515
https://doi.org/10.3390/ijms19103028
https://doi.org/10.3389/fimmu.2019.02120
https://doi.org/10.3389/fimmu.2019.02120
https://doi.org/10.3389/fonc.2022.951631
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Wu et al.

35. Mohamed E, Cao Y, Rodriguez PC. Endoplasmic reticulum stress regulates
tumor growth and anti-tumor immunity: A promising opportunity for cancer
immunotherapy. Cancer immunol immunother CII (2017) 66(8):1069-78.
doi: 10.1007/s00262-017-2019-6

36. Yoo YS, Han HG, Jeon Y]J. Unfolded protein response of the endoplasmic
reticulum in tumor progression and immunogenicity. Oxid Med Cell Longevity
(2017) 2017:2969271. doi: 10.1155/2017/2969271

Frontiers in Oncology

12

10.3389/fonc.2022.951631

37. Sicari D, Fantuz M, Bellazzo A, Valentino E, Apollonio M, Pontisso I, et al.
Mutant P53 improves cancer cells' resistance to endoplasmic reticulum stress by
sustaining activation of the upr regulator Atf6. Oncogene (2019) 38(34):6184-95.
doi: 10.1038/s41388-019-0878-3

38. Zundell JA, Fukumoto T, Lin J, Fatkhudinov N, Nacarelli T, Kossenkov AV, et al.
Targeting the Ire10/Xbp1 endoplasmic reticulum stress response pathway in Arid1a-mutant
ovarian cancers. Cancer Res (2021) 81(20):5325-35. doi: 10.1158/0008-5472.Can-21-1545

frontiersin.org


https://doi.org/10.1007/s00262-017-2019-6
https://doi.org/10.1155/2017/2969271
https://doi.org/10.1038/s41388-019-0878-3
https://doi.org/10.1158/0008-5472.Can-21-1545
https://doi.org/10.3389/fonc.2022.951631
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Comprehensive analysis of the endoplasmic reticulum stress-related long non-coding RNA in bladder cancer
	Introduction
	Materials and methods
	Identification of ERS-related LncRNAs
	Screening of prognosis-related LncRNAs
	Building a risk score model
	Constructing and evaluating nomogram
	Functional analysis
	External datasets and qRT-PCR validation
	Statistical analysis

	Results
	Identification of ERS-related LncRNAs
	Screening of prognosis-associated LncRNAs
	Establishing a risk scoring model
	Constructing and evaluating nomogram
	Functional analysis
	External datasets and qRT-PCR validation

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


