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Comprehensive analysis of cuproptosis-related IncRNAs in the
prognosis and therapy response of patients with bladder cancer
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Background: Cuproptosis is the recently defined regulatory cell death (RCD) that plays essential roles in
tumorigenesis and progression. Long noncoding RNAs (IncRINAs) regulate the gene expression through
various means. However, the clinical value of cuproptosis-related IncRNAs in bladder cancer (BLCA)
remains poorly described.

Methods: We downloaded the transcriptome sequencing data and clinical information from The Cancer
Genome Atlas (TCGA) database. Univariate, multivariate, and lasso Cox regression analyses were performed
to construct the prognostic risk signature, the predictive accuracy of which was validated in the subsequent
independence and stratification analyses. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) enrichment analyses were used to explore the underlying molecular mechanisms involved
in the signature to explore therapeutic vulnerabilities and potential targets in BLCA. Tumor mutational
burden (TMB) and tumor immune dysfunction and exclusion (TIDE) were used to estimate the response to
immune checkpoint inhibitors (ICIs). We further explored the potential new drug-target candidates based on
the half maximal inhibitory concentration for this patient population.

Results: Fifteen cuproptosis-related IncRNAs significantly associated with survival were identified to
construct the risk signature based on the normalized expression level and regression coefficient of each gene.
The patients with BLCA and high-risk scores defined by the signature were associated with worse survival
outcomes. The differentially expressed genes (DEGs) between the 2 risk groups had different biological
activity. Furthermore, the patients in the low-risk group exhibited a higher TMB index and a lower TIDE
score. The sensitivity of multiple antitumor drugs was negatively related to risk score, including AR-42,
AS605240, FK866, TAK-715, and tubastatin A, while the sensitivity of some antitumor drugs, such as AMG-
706, BX-795, and RO-3306, were positively correlated with risk score.

Conclusions: Our study established and verified a novel clinical risk signature with cuproptosis-related
IncRNAs that may predict therapy response and prognosis with robust and stable accuracy in patients with

BLCA and enhance the personalized management of this patient population.
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Introduction

Bladder cancer (BLCA), with about 81,180 new cases
detected in the United States in 2022, is one of the most
prevalent types of cancer (1). The main therapeutic
strategies for BLCA have traditionally included surgery,
radiotherapy, and chemotherapy, with few advances in
treatment in BLCA being achieved over the past three
decades. However, immunotherapy has brought new hope
over the past several years (2). Inmunotherapeutic drugs
represented by immune checkpoint inhibitors (ICIs) have
become the first-line or second-line therapies for BLCA,
and have significantly improved the prognosis of patients
with BLCA (3). Although new diagnostic techniques and
therapeutic strategies are constantly improving, the prognosis
for patients with BLCA remains suboptimal (4). Therefore,
it is essential to discover more accurate prediction methods
for the finer stratification of patients to yield optimal
treatment outcomes.

Copper (Cu) is an indispensable trace element existed
in all living organisms, which in excessive concentrations
produces cytotoxicity and promote tumor proliferation,
angiogenesis, and metastasis (5). A previous study showed
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cuproptosis-related long noncoding RNAs (IncRNAs) in bladder
cancer (BLCA) and developed a risk signature to predict the
prognosis and therapy response of BLCA patients.

What is known and what is new?

* Cuproptosis is the recently defined regulatory cell death that
plays essential roles in tumorigenesis and progression. LncRNAs
regulate the gene expression through various means. However, the
clinical value of cuproptosis-related IncRNAs in BLCA remains
poorly described. Here, we established and verified a novel clinical
risk signature with cuproptosis-related IncRNAs in BLCA.

What is the implication, and what should change now?

e This study indicated the important role of cuproptosis-related IncRNAs
in BLCA prognosis and immunity and may provide the potential
of cuproptosis-related IncRNA as a therapeutic target for BLCA.
However, more biological experiments in vivo or in vitro and clinical

trials are needed to validate the conclusion.
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that Cu-related ambient air pollution was associated with
the incidence of BLCA (6). The elevation of plasma Cu
levels was also found to promote vascular endothelial
growth factor and hypoxia-inducible factor 1 expression
in BLCA tissues (7). Moreover, Cu has been reported to
be related to the prognosis of BLCA (8). Cuproptosis is a
recently discovered regulatory cell death (RCD) different
from apoptosis, necroptosis, pyroptosis, and ferroptosis (9).
Escaping cell death is one of the hallmarks of cancer (10).
Apoptosis has been widely studied over the past three
decades due to its roles in cancer defense and has been
leveraged in the development of targeted anticancer drugs.
However, the therapeutic effect of related drugs has not
been ideal because of the endogenous or acquired apoptosis
resistance in cancer cells (11). Therefore, it is necessary to
explore the nonapoptotic cell death pathway. Cuproptosis is
a metal-related RCD like ferroptosis and has the potential
to be a promising target in cancer treatment. However,
the role of cuproptosis in cancer has not been extensively
studied.

Long noncoding RNAs (IncRNAs) with a length of more
than 200 nucleotides have no protein coding ability but play
major roles in transcriptional regulation, messenger RNA
(mRNA) processing regulation, and posttranscriptional
regulation, tumorigenesis, and progression (12,13).
Accumulating evidence indicates that IncRINAs are involved
in immunotherapy response and associated with the
prognosis of patients with BLCA (14). However, the clinical
value of cuproptosis-related IncRNAs in BLCA remains
poorly described, and further in-depth research is needed.

We thus conducted a comprehensive analysis of
cuproptosis-related IncRNAs associated with the prognosis
and therapy response of patients with BLCA; following
this, we constructed a prognostic risk signature, which
might act as an independent prognostic factor and highlight
the potential therapeutic targets for this malignancy. Our
study further included an investigation of the underlying
molecular mechanisms, survival stratification, nomogram
construction, identification of somatic mutations, and
exploration of potential small-molecule drugs based on the
risk characteristics. We expect our findings to offer new
insights into the personalized management of patients with
BLCA. We present the following article in accordance with
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Table 1 The baseline characteristics of patients with BLCA in the
training and testing data sets

Covariates Total, Pata sets, n (%) P value
n (%) Testing Training
Age (years) 0.854
<65 158 (40.1) 46 (38.98) 112 (40.58)
>65 236 (59.9) 72(61.02) 164 (59.42)
Gender 0.3606
Female 103 (26.14) 35(29.66) 68 (24.64)
Male 291 (73.86) 83 (70.34) 208 (75.36)
Grade 1
Low 373 (94.67) 112(94.92) 261 (94.57)
High 18 (4.57)  5(4.24) 13 (4.71)
Unknown 3(0.76) 1(0.85) 2(0.72)
Tumor stage 0.2126
I 2 (0.51) 0 (0) 2(0.72)
I 123 (31.22) 37(31.36) 86 (31.16)
11l 138 (35.03) 49 (41.53) 89 (32.25)
\Y 129 (32.74) 32(27.12) 97 (35.14)
Unknown 2 (0.51) 0(0) 2(0.72)
Stage
T 0.5853
TO 1(0.25) 1(0.85) 0 (0)
T1 3(0.76) 1(0.85) 2(0.72)
T2 112 (28.43) 32(27.12) 80 (28.99)
T3 190 (48.22) 59 (50.0) 131 (47.46)
T4 56 (14.21) 15(12.71) 41 (14.86)
Unknown 32 (8.12) 10 (8.47) 22 (7.97)
M 1
MO 188 (47.72) 57 (48.31) 131 (47.46)
M1 10 (2.54) 3 (2.54) 7 (2.54)
Unknown 196 (49.75) 58 (49.15) 138 (50.0)
N 0.4815
NO 228 (57.87) 74 (62.71) 154 (55.8)
N1 44 (11.17) 11 (9.32) 33 (11.96)
N2 75(19.04) 19 (16.1) 56 (20.29)
N3 6 (1.52) 1(0.85) 5(1.81)
Unknown 41 (10.41) 13(11.02) 28(10.14)

BLCA, bladder cancer.
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the TRIPOD reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-5294/rc).

Methods
Data collection

The transcriptome data and relevant clinical information
of patients with BLCA were acquired from The Cancer
Genome Atlas (TCGA) database (https://portal.gdc.cancer.
gov/repository). A total of 394 patients with BLCA and
19 health controls with overall survival (OS) more than
30 days and information on life status (alive or dead) were
enrolled through May 16, 2022. The study was conducted
in accordance with the Declaration of Helsinki (as revised

in 2013).

Identification of cuproptosis-related IncRNAs

Nineteen cuproptosis-related genes, including NFE2L2,
NLRP3, ATP7A, ATP7B, SLC31A1, LIAS, FDX1, LIPTI,
LIPT2, DLD, PDHA1, DLAT, MTF1, PDHB, GLS,
CDKN2A, GCSH, DBT, and DLST, were extracted from
the previously published study (9). Differentially expressed
gene (DEG) analysis between the patients with BLCA
and healthy controls was carried out with the “limma”
package in R (The R Foundation for Statistical Computing,
Lanzhou, China). Pearson test was used to evaluate the
correlation between differentially expressed IncRNAs and
cuproptosis-related DEGs. Pearson correlation coefficient
was used to determine the cuproptosis-related IncRNAs (cor
>0.4; P<0.05).

Construction and validation of the prognostic risk
signature

The included 394 BLCA samples were further randomly
assigned into training or testing data sets in a 7:3 ratio. As
shown in Table 1, the baseline characteristics of patients
with BLCA did not indicate any significant differences
between the training and testing data sets. Univariate
analysis of the training data set was applied to obtain the
IncRNAs significantly related to BLCA prognosis (P<0.05)
and determine the hazard ratio (HR) value. A total of 95
IncRNAs were identified as being significantly associated
with the prognosis of patients with BLCA. Subsequently,
lasso Cox regression analysis was conducted with the
cuproptosis-related IncRNAs to avoid overfitting, and the
signature IncRNAs were further identified through the
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“elmnet” R package. The risk score of each patient was then
determined according to the normalized expression level
of each signature IncRNA and its regression coefficient
according to the following formula: risk score = sum
(normalized IncRNA expression level x relevant regression
coefficient).

Following this, the participants in the training data set
were classified into a high-risk group or a low-risk group
based on the median value of the risk score. Subsequently,
Kaplan-Meier analysis with log-rank test was performed to
compare the survival status of the 2 risk groups. The time-
dependent receiver operating characteristic (ROC) curves
were drawn with the “timeROC” R package to evaluate
the predictive power of the risk signature. In addition,
the median risk score defined in the training data set was
subsequently taken as the cutoff value of the testing data
set and that of the entire patient group, and the same
prognostic analysis was used to verify the availability of the
signature.

Construction and evaluation of prognostic nomogram

The correlation between prognosis and risk score as well as
with traditional clinical variables was assessed by univariate
analysis. Risk factors for prognosis were further evaluated
by multivariate Cox regression analysis. To further validate
the clinical value of the risk signature and conduct a
visual quantitative analysis, we constructed a prognostic
nomogram by using the “RMS” R package based on the age,
clinical stage, grade, T stage, gender, and risk score. ROC
curves were drawn to assess the utility of the prognostic
nomogram with the “ROC survival” R package.

Biological process and patbway analysis

To explore the potential drug targets, Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGQG)
enrichment analyses were used to evaluate the underlying
molecular mechanisms based on the DEGs between the 2
risk groups through use of the “clusterProfiler” R package.

Mutation characteristic analysis

Based on somatic mutation data downloaded from TCGA
database, a waterfall map was used to present the mutation
landscapes in the 2 risk groups with the “maftools” R
package. We performed the mutation characteristic analysis
with tumor mutational burden (TMB) determined as the
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quantity of mutations per megabase of DNA. The “limma”
R package was used to evaluate the mutation characteristics,
and the “ggpubr” R package was used to perform survival
analysis to compare the survival difference involved in the
"T'MB score and risk score.

Screening of potential drugs

We evaluated the response of the small-molecule drugs for
patients with BLCA based on the half maximal inhibitory
concentration (IC;y) calculated by using the “pRRophetic”
R package based on the Genomics of Drug Sensitivity in
Cancer (GDSC) database. The “pRRophetic” R package is
a drug sensitivity prediction tool that has been validated in
multiple independent clinical trials (15).

Statistical analysis

We performed all the statistical analysis in R version 4.1.3.
Survival analysis was conducted by Kaplan-Meier curves
analysis. The prognostic independence was assessed by
univariate and multivariate Cox regression analyses. ROC
curve analysis was implemented to evaluate the sensitivity
and reliability of the risk signature. A P<0.05 value indicated
the statistical significance.

Results

Construction of the prognostic cuproptosis-related IncRNA
signature

The flowchart of this study is displayed in Figure 1. The
expression data of 19 cuproptosis-related mRNAs and
16,876 IncRNAs were obtained from the RNA-sequencing
(RNA-seq) profiles of the patients with BLCA. A total of
956 cuproptosis-related IncRNAs were identified based on
the coexpression correlation analysis (cor >0.4; P<0.05). A
Sankey diagram indicated the close relationship between
cuproptosis-related genes and IncRNAs. Among the 19
cuproptosis-related genes, ATP7A was associated with the
largest number of IncRNAs (Figure 24). Based on the lasso
COX regression analysis, our prognosis-related signature
containing 15 cuproptosis-related IncRNAs were finally
identified (Figure 2B,2C). Among them, AL031429.2,
AL390236.1, AC007365.1, LINCO01184, LINCO02159,
RAP2C-AS1, and AL731537.1 appear to be detrimental
factors, with HRs >1; meanwhile, MIR181A2HG,
AC010186.3, LINC-PINT, BDNF-AS, LINC02443,
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Figure 1 The flowchart of this study. BLCA, bladder cancer; TCGA, The Cancer Genome Atlas; GO, Gene Ontology; KEGG, Kyoto

Encyclopedia of Genes and Genomes.

AC006160.1, AC005954.1, and AC090948.1 appear to be
protective factors, with HRs <1 (Figure 2D).

Validation of the prognostic cuproptosis-related IncRNA
signature

The samples with risk scores calculated by the above-
mentioned formula were assigned into a high-risk
group or low-risk group based on median risk score in
the training, testing, and total data sets. In the training
data set, the patients with high-risk scores had a higher
mortality rate than the patients with low-risk scores (Figure
3A,3B). Moreover, the detrimental factors, ALL031429.2,
AL390236.1, AC007365.1, LINCO01184, LINC02159,
RAP2C-AS1, and AL731537.1, had a higher expression
level in the high-risk group, whereas the protective factors,
MIRI81A2HG, AC010186.3, LINC-PINT, BDNF-AS,
LINC02443, AC006160.1, AC005954.1, and AC090948.1,
showed lower expression levels (Figure 3C). In addition,
Kaplan-Meier curves also demonstrated that the high-risk
group had significantly worse outcomes when compared to

© Annals of Translational Medicine. All rights reserved.

the low-risk group (Figure 3D). The area under the curves
(AUC:s) of the time-dependent ROC in predicting the 1-, 3-,
and 5-year survival rates of patients with BLCA were 0.787,
0.801, and 0.797, respectively (Figure 3E). Additionally,
the results in the testing and total data sets were consistent
with those in the training data set (Figure 44-4E). Taken
together, the signature displayed a robust and stable
prognostic ability.

Independent prognostic and clinicopathological correlation
analyses of the cuproptosis-related IncRNA signature

Univariate (Figure 5A) and multivariate Cox (Figure
5B) regression analyses showed that risk score, age, and
tumor stage were the independent prognostic factors.
We subsequently performed prognostic analysis in early-
stage (stage I-II) and advanced-stage (stage I1I-IV) BLCA
patients to verify whether the predictive performance of the
signature is affected by the stage. The results revealed that
the high-risk group had worse outcomes at both the early
and advanced stage (Figure S1A,S1B), which suggested that
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Figure 2 Construction of the cuproptosis-related IncRNA signature. (A) The correlation between cuproptosis-related DEGs and

differentially expressed IncRNAs. (B,C) Lasso regression was performed to calculate the (B) coefficients and (C) minimum criteria. (D)

Forest plot of the univariate Cox regression analysis for the 15 IncRNAs. DEG, differentally expressed gene.

the signature possessed a stable predictive ability in variable
BLCA subgroups.

Furthermore, to quantitatively evaluate the survival
probability, we constructed a nomogram with traditional
clinical variables and the risk score. Calibration curves of
1-, 3-, and 5-year survival probabilities were used to verify
the predictive probability of the nomogram, which was
consistent with the actual one (Figure 5C,5D). The proposed
nomogram demonstrated a better prognostic performance
than did the other existing clinical variables.

The AUC value for predicting the prognosis of patients
with BLCA was 0.757, which was higher than that of tumor
stage (AUC =0.637) and age (AUC =0.667; Figure SE).
The concordance index (C-index) analysis supported
the accuracy of the signature (Figure 5F). Our findings
collectively indicate that this signature has a favorable
performance in predicting the prognosis of BLCA.

© Annals of Translational Medicine. All rights reserved.

Enrichment analysis of DEGs in the low-visk group and
bigh-risk group

To explore the biological pathways involved in the risk
signature, we performed GO enrichment and KEGG
pathway analyses with the DEGs between the 2 risk groups.
The main biological processes (BPs) involved in response
to muscle system process, muscle contraction, epidermis
development, connective tissue development, external
encapsulating structure organization, extracellular matrix
organization, cartilage development, and skin development
(Figure 64). The most abundant cellular component (CC)
terms were the collagen-containing extracellular matrix,
intermediate filament cytoskeleton, contractile fiber,
myofibril, cornified envelope, and anchored component
of membrane (Figure 6B). The most abundant molecule
function (MF) terms were receptor ligand activity, sulfur

Ann Transl Med 2022;10(22):1232 | https://dx.doi.org/10.21037/atm-22-5294



Annals of Translational Medicine, Vol 10, No 22 November 2022

Page 7 of 16

A Training dataset D
1074 High risk i s Risk = High risk  =-Low risk
g 8 - ® Low risk .‘ 1.00 4
g 61 i !
-_é . // § 0751
T i S
2- """"""""""""" E """"""""""""""" ; 050
0- T T T . T T T § '
0 50 100 150 200 250 g 0.25
B Patients (increasing risk score) P<0.001
e ]‘2" . o Dead 0.00
1) - :. ° Alive T T T T T T T T T T T T T T T T
;10- ° . 0ol 01234567 89101112131415
£ g- : :. . .o Time, years
h T oo ® e ° e ‘we & Highrisk 4138 9036 2118 9 3 3 1 1 1 0 0 0 0 0
_g 4 '.-:q'..s: .'.:.o. . sge’ ':.. ; . é Lowr\skj13811462 4129 23 1311 8 7 4 3 3 3 0.0
c 24 & © 920 O° o0 eo . T T T T T T T T T T T T T T T
G 0 PSR ey AN 0123456789101112131415
T T T T .
0 50 100 150 200 250 Time, years
C Patients (increasing risk score) E
Risk Risk 1.0 |
IR A {100 [ (AL [IMIR181A2HG J10BLOW
IiF |‘| f f | IEL N Alostaze2 - o MHIGh 0.8
(AT DAL RO Il Acot0186.3 -
AL390236.1 0 206 4
[ | | | |/{LINC-PINT s 2z
A AT MR AP T | || |BDNF-AS - @
[ \ LINC02443  M_10 5 0.4
e R et ’
LINCO1184 0.2
\ LT [ incoz1se T AUG st avear: 0801
\ ‘II | I I‘ l‘ ‘||”|RAP20—AS1 00 4 — AUC at 5-year 0.797
AL731537.1 Yy T T : T T
(1 Il } AC006160.1
T A | | AC005954. 1 00 02 04 06 08 10
[ RRT A T \ 1l |/|AC090948.1 1-Specificity
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analysis between the 2 risk groups in the training data set. (E) The AUC values for 1-, 3-, and 5-year overall survival prediction in the

training data set. AUC, area under the curve.

compound binding, glycosaminoglycan binding, heparin
binding, structural constituent of cytoskeleton, and serine-
type peptidase activity (Figure 6C). KEGG analysis showed
that the DEGs were involved in various signaling pathways,
most commonly in pathways of the muscle system and
epidermis development (Figure 6D).

Comparison of mutation characteristics related to the
signature

A high TMB score predicts stronger tumorigenesis and
more positive immunotherapy response (16). We studied the
genomic mutations status between the 2 risk groups based on
single-nucleotide variation data downloaded from TCGA.
The waterfall map showed that the high-risk (Figure 74)
and low-risk (Figure 7B) groups had different mutation
characteristics. The TMB score was then calculated, and
the result showed that the TMB score in the low-risk group

© Annals of Translational Medicine. All rights reserved.

was significantly higher than that in the high-risk group
(Figure 7C). Kaplan-Meier curve analyses revealed there to
be no significant difference in the survival time between the
high-TMB score and low-TMB score groups. However,
after the TMB score was combined with our signature,
the patients in the high-risk and low-TMB group had
significantly worse outcomes than did those in the low-risk
and high-TMB group. Combining TMB level and risk score
may more accurately forecast the prognosis of patients with
BLCA (Figure 7D,7E). Most notably, the TMB and risk score

of the signature demonstrated good predictive power.

Evaluation of immune microenvironment based on the
signature

Considering the clinical application and benefits of ICIs,
we next analyzed the immune cells infiltration and immune
checkpoints. The results demonstrated the infiltration of
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Figure 5 Independent prognostic and clinicopathological correlation analyses of the cuproptosis-related IncRNA signature. (A,B) Univariate

(A) and multivariate (B) Cox regression analysis of the risk score and clinical variables. (C) A nomogram for survival prediction based on

traditional clinical variables and risk score. (D) Calibration curves for the validation of nomogram. (E) AUC values of the risk score and

clinical variables. (F) C-index analysis indicated accuracy of the risk score and traditional clinical variables. ***, P<0.001. OS, overall survival;

AUC, area under the curve; Pr, probability.

the T cell regulatory (Tregs) significantly elevated in the
low-risk group (Figure 84). Besides, immune checkpoints
such as TNFRSF9, PDCD1LG2 (PD-L2), CD276,
CD44, and NRP1 were positively associated with the risk
scores. Meanwhile, LGALS9, TNFRSF14, TNFRSF15,
TNFRSF25, TMIGD2, and CD160 were negatively
associated with the risk scores (Figure §B). We further
scored the tumor immune dysfunction and exclusion
(TIDE), and the results indicated that TIDE score was

© Annals of Translational Medicine. All rights reserved.

higher in the high-risk group (Figure §C), which means that
the high-risk group had a stronger immune escape ability.

Evaluation of antitumor drug sensitivity based on the
signature

Current drugs are not ideal for the treatment of patients
with BLCA. To explore potentially effective drugs, we
evaluated the response of the small-molecule drugs for
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Figure 6 Enrichment analysis of DEGs in the low-risk group and high-risk group. (A) Top 10 most-enriched biological processes. (B) Top

10 most-enriched cellular components. (C) Top 10 most-enriched molecular functions. (D) Top 30 KEGG pathways. BP, biological process;

ME, molecule function; CC, cellular component; DEG, differentially expressed gene; KEGG, Kyoto Encyclopedia of Genes and Genomes.

patients with BLCA based on IC;, calculated by using the
“pRRophetic” R package through the GDSC database.
The ICy, is the concentration of drug required for 50%
inhibition, which is an indicator of drug sensitivity. The
evaluation of IC;, in multiple antitumor drugs yielded
a risk score that was correlated with the ICy, value of
multiple drugs, with positive correlations being found with
AR-42, AS605240, FK866, TAK-715, and tubastatin A,
and negative correlations with AMG-706, BX-795, and
RO-3306 (Figure 94-9H).

© Annals of Translational Medicine. All rights reserved.

Discussion

Although most of the conventional anticancer drugs target
key aspects of cells that are often shared by all rapidly
proliferating cells, traditional cancer therapies often have
serious off-target effects. Therefore, a newly developed
therapeutic agents should focus on improving selectivity to
thus both reduce side effects and overcome drug resistance.
Some Cu ionophores have shown promising potential in
anticancer activity due to the inherent selectivity in inducing
cuproptosis preferentially in cancer cells to normal cells (17).
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As an essential mineral nutrient for all organisms and the
basis of a large number of BPs, Cu serves as a factor in
signaling to regulate or trigger several biological pathways
under external stimuli (18,19). A growing number of studies
have shown that greater Cu accumulation exists in cancers
compared to normal tissues and promotes proliferation,
growth, angiogenesis, and metastasis (20). In addition, Cu
also plays a major role in promoting angiogenesis, which is
essential for tumor progression via the activation of many
angiogenic factors, including angiogenin and VEGF (21).
Cuproptosis is a novel type of programmed cell death
and is different from other known death forms, including
apoptosis, ferroptosis, and necroptosis. A previous study

© Annals of Translational Medicine. All rights reserved.

showed that cuproptosis is involved in the development and
progression of malignancies (22). As cuproptosis is a newly
discovered type of programmed cell death, there are limited
data and studies related to its clinical value in BLCA. Thus,
we conducted this comprehensive analysis to explore the
clinical value of cuproptosis-related IncRNAs in BLCA.

We identified 95 prognostic-associated cuproptosis-
related IncRNAs and constructed a prognostic risk signature
with 15 IncRNAs (AL031429.2, AL390236.1, AC007365.1,
LINCO01184, LINCO02159, RAP2C-AS1, AL731537.1,
MIR181A2HG, AC010186.3, LINC-PINT, BDNF-AS,
LINCO02443, AC006160.1, AC005954.1, and AC090948.1)

that could accurately forecast the prognostic outcome and

Ann Transl Med 2022;10(22):1232 | https://dx.doi.org/10.21037/atm-22-5294



Page 12 of 16

Li et al. Cuproptosis-related IncRNAs in bladder cancer

A Risk B8 Low Ba High
06 . . - . N
. . .
g 04,0 . . X
j‘é '. . : L4
i 0.2 4 . . of o3 .
'y e [0 RN
..“ u“ .' .'h“. )
$e ° [} []
0.0 J 20 h“dh “ .ll.;.l.zl
T T T T T T T T T T T T T T T T T T T T T
2 Q@ QQ’~A® O, & o &Q(D_(\Q 06 Q)‘?’@Q@\@W.QQ %b_(\Q Q)b NN
SEOM) S S 210Q0 e 8K NN O Q
\%“{b & f»o\\aov& ExtOE, 8 @é\@'b FEL L @é@'z’@\\ > K
ML PP A FE D€y E AR 30 o 55
MR @ od\&\o\,;,\o&‘i_o@ 20 NE S Fye Pye &N
Q E EFLO F o T E G F s’
VP ERLCE T IS E NP
P LA FE W
& YA S &
ooe}\
B
9 .
c . L ]
kel . .
[7}
o ‘s H .' . : 1 ]
%6 1s TEE . ) .
) ot o e ol *
c s es 8® Y] o
8 34 .. I Se .i
. . '. ‘ﬂ
' 1 u * M
o - i L
g| Q| Q/l q| T T T T Q/l 6\9: (LI ql) Q>| %l (bl 0| T T T T T
QSRR g% (™ & GV D I VPO S A2 b A 2N
L O A N A A IR U PE RS
é(oQ\\OV“C)QQOQ Q*Q)@QQ\OQQQ\OQO%Q%é
T OXE P S T ERSEES S KON
¥ Q Q
C Risk [Jl] Low-risk [l High-risk
03 . |
0.2
m
o
=
0.1
0.0 A
T T
Low-risk High-risk
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P<0.001. NK, natural killer; TIDE, tumor immune dysfunction and exclusion.

immunotherapy response of patients with BLCA. Principal
component analysis (PCA) based on the 15 signature-related
IncRNAs discriminated high- and low-risk patients better than
did those based on all genes, cuproptosis-related IncRINAs, and
cuproptosis-related mRNAs (Figure S2A-S2D).

© Annals of Translational Medicine. All rights reserved.

Previous studies suggest that some of these IncRNAs are
involved in tumor immunity and are relevant to prognosis.
For example, LINC01184 was found to be associated with
tumor-infiltrating B lymphocytes in BLCA (23) and to
promote the proliferation and invasion of colorectal cancer

Ann Transl Med 2022;10(22):1232 | https://dx.doi.org/10.21037/atm-22-5294
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via phosphorylated Ser/Thr kinase (p-Akt) pathway (24).
Moreover, MIR181A2HG was shown to impair vascular
endothelial cell proliferation and migration via the
dysregulation of the microRNA (miRNA)/AKT?2 axis (25)
and to be involved in prognosis and immunotherapeutic
response in BLCA (26). AC010186.3 is a autophagy-
related IncRNA , which predicts the prognosis of ovarian
cancer (27). LINC-PINT acts as a tumor suppressor in
colon cancer (28), and inhibits DNA repair and increases
radiotherapeutic response in nasopharyngeal cancer (29).
Furthermore, the overexpression of LINC-PINT inhibits
the proliferation, invasion, and migration of BLCA cells
via miR-155-5p (30). BDNF-AS regulates brain-derived
neurotrophic factor (BDNF) expression, which is involved
in neurodevelopmental diseases. BDNF-AS was reported to
be downregulated in multiple cancers, including colorectal
cancer, esophageal cancer, and prostate cancer (31). The
biological function of the other IncRNAs have not been
studied systematically and is expected to become the targets
of future research and treatment. In this study, we explored
the respective expression and role of 15 cuproptosis-
related IncRNAs on prognosis in BLCA. The results
were consistent with Figure 2D, suggesting AL031429.2,
AL390236.1, AC007365.1, LINCO01184, LINC02159,
RAP2C-AS1, and AL731537.1 appear to be detrimental
factors; Meanwhile, MIR181A2HG, AC010186.3, LINC-
PINT, BDNF-AS, LINC02443, AC006160.1, AC005954.1,
and AC090948.1 appear to be protective factors
(Figures S3,54).

Immunotherapy has become an essential treatment for
advanced BLCA (32). However, immunotherapy is only
effective in about 25% of patients with advanced BLCA (33).
Thus, it is worth searching for more valuable biomarkers
of immunotherapy response. TMB is a biomarker of
tumorigenesis and immune response. However, research
suggests that they have a limited prediction power in some
subpopulations (34). In our study, patients in the low-
risk group had higher levels of TMB, and the risk score
had synergistic effects with TMB level in predicting the
prognosis of patients with BLCA. The somatic mutation
accumulation promotes the formation of neoantigens
which activate the immunogenicity of T cells to kill cancer
cells. The cancers with high TMB often generate new
antigens to recruit the immune cells (35). Consistent with
the previous studies, our results showed that higher TMB
tends to predict worse survival. Meanwhile, patients with
high-TMB had higher levels of CD4 memory activated T
cells and CD8 T cells, which can inhibit cancer progression

© Annals of Translational Medicine. All rights reserved.
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and form T cell immunogenicity (Figure S5). Overall, the
patients in low-risk group with higher TMB tended to
benefit from immunotherapy.

Drug resistance remains a challenge for the clinical
management of those with tumors. Many patients may
experience a lack of drug availability after multiline
antitumor therapy. The development of new drugs is
a tortuous, expensive, and highly uncertain process.
Computational drug repositioning or repurposing is a
promising and efficient tool for discovering new uses for
existing drugs (36). We demonstrated that the sensitivities
of multiple antitumor drugs were correlated with risk score,
with positive correlations being found for AR-42 (a histone
deacetylase inhibitor), AS605240 (a PI3Ky inhibitor),
FK866 (a Nampt inhibitor), TAK-715 (a p38 MAPK
inhibitor) and tubastatin A (a HDACS6 inhibitor), and
negative ones being found for AMG-706 (a VEGFR1/2/3
inhibitor), BX-795 (a PDKI1 inhibitor), and RO-3306 (a
CDKI inhibitor). These results point to candidate drugs
for the preclinical and clinical treatment of different BLCA
patient subgroups.

This is the first study to explore the relationship
between cuproptosis-related IncRNAs and the prognosis of
patients with BLCA. However, there are some limitations
involved in our research. The cuproptosis-related IncRNA
signature needs to be verified with prospective, multicenter
studies and real-world data. Furthermore, the biological
mechanisms associated with cuproptosis-related IncRNAs
also require verification. In future study, the experiments
i vivo and/or in vitro based on the cell lines, mouse model
and patient samples are planned to elucidate the underlying
mechanisms of the signature and validate the predictive
performance.

Conclusions

Our study established and verified a novel prognostic risk
signature with cuproptosis-related IncRNAs that may be
a potential indicator for immunotherapy response and
chemotherapy sensitivity, and thus capable of estimating
the prognosis of BLCA patients.

Acknowledgments

Funding: This study was supported by the Henan
Provincial Science and Technology Research Project
(No. 202102310157) and the Henan Medical Science and
Technology Program (No. SBGJ202003012).

Ann Transl Med 2022;10(22):1232 | https://dx.doi.org/10.21037/atm-22-5294


https://cdn.amegroups.cn/static/public/ATM-22-5294-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-22-5294-Supplementary.pdf

Annals of Translational Medicine, Vol 10, No 22 November 2022

Footnote

Reporting Checklist: The authors have completed the
TRIPOD reporting checklist. Available at https://atm.
amegroups.com/article/view/10.21037/atm-22-5294/rc

Conflicts of Interest: All authors have completed the
ICMJE uniform disclosure form (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-5294/coif).
The authors have no conflicts of interest to declare.

Ethical Statement: The authors are accountable for all
aspects of the work in ensuring that questions related
to the accuracy or integrity of any part of the work are
appropriately investigated and resolved. The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013).

Open Access Statement: This is an Open Access article
distributed in accordance with the Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 International
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with
the strict proviso that no changes or edits are made and the
original work is properly cited (including links to both the
formal publication through the relevant DOI and the license).
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Siegel RL, Miller KD, Fuchs HE, et al. Cancer statistics,
2022. CA Cancer J Clin 2022;72:7-33.

2. Tran L, Xiao JF, Agarwal N, et al. Advances in
bladder cancer biology and therapy. Nat Rev Cancer
2021;21:104-21.

3. Balar AV, Kamat AM, Kulkarni GS, et al. Pembrolizumab
monotherapy for the treatment of high-risk non-
muscle-invasive bladder cancer unresponsive to BCG
(KEYNOTE-057): an open-label, single-arm, multicentre,
phase 2 study. Lancet Oncol 2021;22:919-30.

4. Lenis AT, Lec PM, Chamie K, et al. Bladder Cancer: A
Review. JAMA 2020;324:1980-91.

5. Oliveri V. Selective Targeting of Cancer Cells by
Copper Ionophores: An Overview. Front Mol Biosci
2022;9:841814.

6. Chen], Rodopoulou S, Strak M, et al. Long-term
exposure to ambient air pollution and bladder cancer
incidence in a pooled European cohort: the ELAPSE

© Annals of Translational Medicine. All rights reserved.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Page 15 of 16

project. Br J Cancer 2022;126:1499-507.

Mortada WI, Awadalla A, Khater S, et al. Copper and zinc
levels in plasma and cancerous tissues and their relation
with expression of VEGF and HIF-1 in the pathogenesis
of muscle invasive urothelial bladder cancer: a case-
controlled clinical study. Environ Sci Pollut Res Int
2020;27:15835-41.

ChuJ, Li N, Li E. A risk score staging system based on the
expression of seven genes predicts the outcome of bladder
cancer. Oncol Lett 2018;16:2091-6.

Tsvetkov P, Coy S, Petrova B, et al. Copper induces cell
death by targeting lipoylated T'CA cycle proteins. Science
2022;375:1254-61.

Galluzzi L, Buqué A, Kepp O, et al. Immunogenic cell
death in cancer and infectious disease. Nat Rev Immunol
2017;17:97-111.

Wu ], Ye ], Xie Q, et al. Targeting Regulated Cell Death
with Pharmacological Small Molecules: An Update on
Autophagy-Dependent Cell Death, Ferroptosis, and
Necroptosis in Cancer. ] Med Chem 2022;65:2989-3001.
Lin W, Zhou Q, Wang CQ, et al. LncRNAs regulate
metabolism in cancer. Int J Biol Sci 2020;16:1194-206.

Li D, Liang J, Cheng C, et al. Identification of m6A-
Related IncRNAs Associated With Prognoses and Immune
Responses in Acute Myeloid Leukemia. Front Cell Dev
Biol 2021;9:770451.

Cao R, Yuan L, Ma B, et al. Immune-related long
non-coding RNA signature identified prognosis and
immunotherapeutic efficiency in bladder cancer (BLCA).
Cancer Cell Int 2020;20:276.

Geeleher P, Cox N, Huang RS. pRRophetic: an R package
for prediction of clinical chemotherapeutic response from
tumor gene expression levels. PLoS One 2014;9:¢107468.
Sha D, Jin Z, Budczies J, et al. Tumor Mutational Burden
as a Predictive Biomarker in Solid Tumors. Cancer Discov
2020;10:1808-25.

Zheng P, Zhou C, Lu L, et al. Elesclomol: a copper
ionophore targeting mitochondrial metabolism for cancer
therapy. J Exp Clin Cancer Res 2022;41:271.

Li Y. Copper homeostasis: Emerging target for cancer
treatment. [UBMB Life 2020;72:1900-8.

Michniewicz F, Saletta F, Rouaen JRC, et al. Copper: An
Intracellular Achilles' Heel Allowing the Targeting of
Epigenetics, Kinase Pathways, and Cell Metabolism in
Cancer Therapeutics. ChemMedChem 2021;16:2315-29.
Shanbhag VC, Gudekar N, Jasmer K, et al. Copper
metabolism as a unique vulnerability in cancer. Biochim
Biophys Acta Mol Cell Res 2021;1868:118893.

Ann Transl Med 2022;10(22):1232 | https://dx.doi.org/10.21037/atm-22-5294


https://atm.amegroups.com/article/view/10.21037/atm-22-5294/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-5294/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-5294/coif
https://atm.amegroups.com/article/view/10.21037/atm-22-5294/coif
https://creativecommons.org/licenses/by-nc-nd/4.0/

Page 16 of 16

21.

22.

23.

24.

25.

26.

27.

28.

Lelievre P, Sancey L, Coll JL, et al. The Multifaceted
Roles of Copper in Cancer: A Trace Metal Element with
Dysregulated Metabolism, but Also a Target or a Bullet for
Therapy. Cancers (Basel) 2020;12:3594.

Zhang Y, Li X, Li X, et al. Comprehensive analysis

of cuproptosis-related long noncoding RNA immune
infiltration and prediction of prognosis in patients with
bladder cancer. Front Genet 2022;13:990326.

Zhou M, Zhang Z, Bao S, et al. Computational
recognition of IncRNA signature of tumor-infiltrating

B lymphocytes with potential implications in prognosis
and immunotherapy of bladder cancer. Brief Bioinform
2021;22:bbaa047.

Sui YX, Zhao DL, Yu Y, et al. The Role, Function, and
Mechanism of Long Intergenic Noncoding RINA1184
(linc01184) in Colorectal Cancer. Dis Markers
2021;2021:8897906.

Wang S, Zheng B, Zhao H, et al. Downregulation of
IncRNA MIR181A2HG by high glucose impairs vascular
endothelial cell proliferation and migration through the
dysregulation of the miRNAs/AKT?2 axis. Int ] Mol Med
2021;47:35.

Wu'Y, Zhang L, He S, et al. Identification of immune-
related LncRNA for predicting prognosis and
immunotherapeutic response in bladder cancer. Aging
(Albany NY) 2020;12:23306-25.

Meng C, Zhou JQ, Liao YS. Autophagy-related long non-
coding RINA signature for ovarian cancer. ] Int Med Res
2020;48:300060520970761.

Marin-Béjar O, Marchese FP, Athie A, et al. Pint lincRNA
connects the p53 pathway with epigenetic silencing

by the Polycomb repressive complex 2. Genome Biol
2013;14:R104.

Cite this article as: Li D, Wu X, Fan X, Cheng C, Li D,

Zhang W. Comprehensive analysis of cuproptosis-related

IncRNAs in the prognosis and therapy response of patients
with bladder cancer. Ann Transl Med 2022;10(22):1232. doi:
10.21037/atm-22-5294

© Annals of Translational Medicine. All rights reserved.

29.

30.

31.

32.

33.

34.

35.

36.

Li et al. Cuproptosis-related IncRNAs in bladder cancer

Wang YH, Guo Z, An L, et al. LINC-PINT impedes
DNA repair and enhances radiotherapeutic response by
targeting DNA-PKcs in nasopharyngeal cancer. Cell
Death Dis 2021;12:454.

Han X, Liu J, Liu Y, et al. LINC-PINT Inhibited
Malignant Progression of Bladder Cancer by Targeting
miR-155-5p. Cancer Manag Res 2021;13:4393-401.
Ghafouri-Fard S, Khoshbakht T, Taheri M, et al. A concise
review on the role of BDNF-AS in human disorders.
Biomed Pharmacother 2021;142:112051.

Balar AV, Galsky MD, Rosenberg JE, et al. Atezolizumab
as first-line treatment in cisplatin-ineligible patients with
locally advanced and metastatic urothelial carcinoma:

a single-arm, multicentre, phase 2 trial. Lancet
2017;389:67-76.

Gopalakrishnan D, Koshkin VS, Ornstein MC, et al.
Immune checkpoint inhibitors in urothelial cancer:

recent updates and future outlook. Ther Clin Risk Manag
2018;14:1019-40.

Nie W, Xu MD, Gan L, et al. Advanced Non-Small

Cell Lung Cancer Patients With Low Tumor Mutation
Burden Might Derive Benefit From Immunotherapy. J
Immunother 2020;43:189-95.

Ma'Y, Feng XF, Yang WX, et al. Exploring the
Pathological Mechanism of Bladder Cancer Based on
Tumor Mutational Burden Analysis. Biomed Res Int
2019;2019:1093815.

Li]J, Zheng S, Chen B, et al. A survey of current trends

in computational drug repositioning. Brief Bioinform
2016;17:2-12.

(English Language Editor: J. Gray)

Ann Transl Med 2022;10(22):1232 | https://dx.doi.org/10.21037/atm-22-5294



Supplementary

A Patients with stage I-1I B Patients with stage I1I-IV
Risk == high == low Risk == high == low
1.00 1.00
2075 2075
3 s
© [
g 8
5.0.50 8050
2 E
> >
5 — 5
0025 925
p=0.002 p<0.001
0.00 0.00
c 1 2 3 4 5 6 7 8 9 10 01 2 3 45 6 7 8 9 1011 1213 1415
Time(years) Time(years)

Figure S1 The prognostic analysis in stage I-II and stage III-IV BLCA patients based on risk score.
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Figure S2 PCA based on the signature-related IncRNAs, all genes, cuproptosis-related IncRNAs, and cuproptosis-related mRNAs.
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Figure S3 The expression of 15 cuproptosis-related IncRNAs in TCGA database. **, P<0.01; ***, P<0.001.
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Figure S4 The respective correlation of 15 cuproptosis-related IncRINAs with prognosis.
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Figure S5 The relationship between TMB and immune cells.
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