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Background: Bladder cancer is the most common malignancy of the urinary tract and one of the most
common cancers in the world. Cuproptosis is a novel type of cell death associated with tumorigenesis. In
this study, we assessed the correlation between cuproptosis-related genes and tumorigenesis. Moreover, we
constructed a prognostic signature.

Methods: Pecarson correlation analysis and univariate Cox regression were utilized to extract cuproptosis-
related long non-coding RNAs (IncRNAs) predicting prognosis in The Cancer Genome Atlas (TCGA)
database. The least absolute shrinkage and selection operator (LASSO) Cox regression was utilized to
establish a cuproptosizs-related prognostic signature. A nomogram signature was generated to predict
individual survival.

Results: We obtained 19 cuproptosis-related genes and 14 prognostic cuproptosis-related IncRNAs. We
constructed a seven-prognostic risk signature. Time-dependent receiver operating characteristic (ROC)
curves demonstrated good predictive power (1-, 3-, and 5-year survival rates of 0.711, 0.673, and 0.684,
respectively). The high-risk group reported a worse prognosis than the low-risk group, and the risk signature
was identified as an independent factor. The biological process of risk-related genes primarily involved
tumorigenesis and migration. The high-risk group expressed high chemokines and T cell inhibition and low
antigen-presenting cells.

Conclusions: Cuproptosis-related IncRNAs are central to tumorigenesis, providing a novel therapeutic
target for patients with bladder cancer. We constructed an individualized predictive signature based on

cuproptosis-related IncRNAs.
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Introduction

Bladder cancer is one of the predominant urinary system
tumors, with approximately 550,000 new cases and 200,000
deaths each year (1,2). Approximately 25% of the patients
are initially diagnosed with muscle-invasive bladder cancer
(MIBC) or metastatic bladder cancer (3). Transurethral
resection of bladder tumor is the mainstay therapy for both
MIBC and non-MIBC (NMIBC) (4).

Immunotherapies, including programmed cell death
protein 1 (PD-1) and programmed death-ligand 1 (PD-L1)
inhibitors, appear promising and have been approved for
patients with metastatic urothelial carcinoma progressing
after platinum-containing chemotherapy (5,6). However,
immunotherapy remains ineffective for numerous
patients (7). This necessitates understanding the
heterogeneity of bladder cancer and establishing a marker
to predict treatment response.

Copper is an essential mineral nutrient and acts as a
signaling agent regulating or triggering several biological
pathways in response to external stimuli (8). Copper-
mediated programmed cell death, termed cuproptosis,
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* LncRNAs are a class of non-coding transcripts over 200
nucleotides in length. IncRNAs are involved in tumor occurrence
and progression.
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involved in tumorigenesis and migration.
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¢ Cuproptosis-related IncRNAs are central to tumorigenesis,
providing a novel therapeutic target for patients with bladder
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promotes angiogenesis, tumor progression, and
metastasis (9). Cuproptosis refers to copper binding to
lipases in the tricarboxylic acid cycle. Their combination
results in protein aggregation, proteotoxic stress, and cell
death (10).

Long non-coding RNAs (IncRNAs) are a class of non-
coding transcripts over 200 nucleotides in length. LncRNAs
are involved in tumor occurrence and progression (11).
IncRNAs, such as H19, UCAI, and MALATI, regulate
biological processes (12). However, cuproptosis-related
IncRNAs have limited evidence, particularly in bladder
cancer. Thus, we aimed to evaluate the prognostic
implication of cuproptosis-related genes in bladder cancer
and assess their correlation with tumorigenesis. We present
this article in accordance with the TRIPOD reporting
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-23-2367/rc).

Methods
Data preparation

We downloaded the transcriptome analysis dataset, clinical
data, and single nucleotide variations of patients with
bladder cancer from The Cancer Genome Atlas (TCGA)
database (https://portal.gdc.cancer.gov/). This dataset
consists of 414 bladder cancer samples and 19 healthy
samples. Incomplete clinicopathological characteristics were
excluded. Data were analyzed using R (version 4.2) and the
R Bioconductor software package. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013).

Identifying prognostic cuproptosis-related IncRNAs

The following 19 genes associated with copper death
were screened: nuclear factor erythroid 2-related factor
2, nucleotide-binding domain, leucine-rich-containing
family, pyrin domain-containing-3 (NLRP3), ATPase
copper transporting beta, AT Pase copper transporting alpha
(ATP7A), solute carrier family 31 member 1, ferredoxin 1,
lipoic acid synthase, lipoyl transferase 1, lipoyl transferase
2, dihydrolipoamide dehydrogenase, dihydrolipoamide
S-acetyltransferase, pyruvate dehydrogenase E1 subunit
alpha 1, pyruvate dehydrogenase E1 subunit beta, metal
regulatory transcription factor 1, glutaminase, cyclin-
dependent kinase inhibitor 2A, dihydrolipoamide branched
chain transacylase E2, glycine cleavage system H-protein,
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and dihydrolipoamide S-succinyltransferase. Pearson
correlation analysis assessed the correlation between
cuproptosis-related gene expression and IncRNAs. The
criteria for cuproptosis-related IncRNAs were P values
<0.01 and |PearsonRI >0.3. A univariate Cox regression
analysis analyzed the prognostic cuproptosis-related

IncRNAs (P<0.05).

Constructing the prognostic cuproptosis-associated IncRNA
rvisk signature

First, cuproptosis-associated IncRNAs were utilized to
conduct a predictive risk signature. Second, the multivariate
Cox regression analysis and the least absolute shrinkage
and selection operator (LASSO) Cox regression (R package
“glmnet”) were utilized to establish a risk signature in
patients with bladder cancer (13). Finally, based on the
predictive signature, the risk score of every patient was
calculated as follows:

Risk score = (1]
> (coefficient of IncRNAi x expression of IncRNAi)

The datasets were divided into low- and high-risk groups
based on the median risk scores. Kaplan-Meier survival
analysis, time-dependent receiver operating characteristic
(ROC) curve analysis, and Cox relative risk recurrence
study were utilized to determine the sensitivity and validity
of the predictive signature.

Constructing and validating the individualized prognostic
signature

A nomogram can calculate the survival rate of patients with
tumors and has excellent clinical application value (14). A
nomogram signature was established to predict the 1-, 3-,
and 5-year overall survival (OS) of patients with bladder
cancer. The prognostic nomogram was completed using
the R package “rms” and “Hmisc”, which includes the risk
score, age, grade, sex, and stage.

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

GSEA was utilized to identify the biological processes and
molecular functions between the low- and high-risk groups (15).
The PCA was conducted to confirm our assessments using
the R package “limma” and “scatterplot3d” (16).
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Immune cell infiltration and tumor mutation burden
(TMB) analysis

The “GSEABase”, “GSVA”, and “CIBERSORT” were
utilized to assess immune infiltration in patients with
bladder cancer. Perl language and R package “maftools”
were utilized to calculate the TMB.

Statistical analyses

Pearson correlation analysis was utilized to screen the
cuproptosis-related IncRNAs. Wilcox-test or Student’s
t-test was conducted to analyze cuproptosis-related
IncRNA expressions between cancer and healthy tissues.
Additionally, univariate and multivariate Cox regression
analyses were utilized to evaluate the independence of
the cuproptosis-related IncRNA signature. P values <0.05
indicated statistical significance. R software 4.2.0 was
utilized for all statistical analyses.

Results
Identifying cuproptosis-related IncRNAs

Figure 1 illustrates the search strategy. The data included
414 bladder cancer samples and 19 healthy samples.
Clinicopathological features included the age, sex, grade,
stage, and tumor, node, and metastasis stage. A total of
14,049 IncRNAs were identified from TCGA dataset for
bladder cancer. Cuproptosis-related IncRNA was defined
as one whose expression was correlated with one or more
of the 19 cuproptosis-related genes (|Pearson Rl >0.4 and
P<0.001). We identified 480 cuproptosis-related IncRNAs
(Figure 24). Combined with the prognostic information,
univariate Cox regression was implemented to screen the
prognostic cuproptosis-related IncRNAs (P<0.05). Finally,
we identified 14 prognostic cuproptosis-related IncRNAs
(Figure 2B).

Constructing the cuproptosis-related IncRNA prognostic
signature

We constructed a prognostic signature to determine
the predictive value of prognostic cuproptosis-related
IncRNAs. Samples in the TCGA database were randomly
assigned to the training and validation groups. The 14
prognostic cuproptosis-related IncRNAs were screened
by the LASSO regression signature. Ten cuproptosis-
related IncRNAs, including AC124069.1, AC092794.1,
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Figure 1 Flow diagram of the search strategy. TCGA, The Cancer Genome Atlas; IncRNA, long non-coding RNA; LASSO, least absolute

shrinkage and selection operator; TIME, tumor immune microenvironment; GSEA, gene set enrichment analysis.

GRKS-IT1, AC005519.1, AC253576.2, AC02132.1,
AC103746.1, AL031429.2, AC093535.1, and ZNF436-
AS1, were generated using the “glmnet” package of R
software. Of them, seven were introduced into the multi-
Cox proportional risk signature (Table S1, Figure 2C,2D). A
seven-IncRNA signature was established by a multivariate
Cox proportional signature (Figure 2E). The risk score was
calculated as follows:

Risk score = 4C124069.1x1.40370+ AC092794.1x(—1.00780)+
GRK 5-IT1x0.60232+ AC253576.2%(—0.42714) +
AC021321.1x(—0.66340) +
AC103746.1x0.992191307130981+
AL031429.2x0.73090

2]

In TCGA dataset, the time-dependent ROC curve
demonstrated an accuracy of 0.711, 0.673, and 0.684 for the
1-, 3-, and 5-year survival rates, respectively (Figures 2F,34).
Patients in the high-risk group demonstrated worse survival

© AME Publishing Company.

than patients in the low-risk group, both in the TCGA
dataset and in the training or test groups (Figure 3B-3D).
Figure 4 illustrates that a high-risk score was correlated with
4 Worse prognosis.

To establish the validity of the seven cuproptosis-
related IncRNAs involved in signature construction, we
conducted PCA analysis. We explored whether these
seven cuproptosis-related IncRNAs could distinguish
the differences between the high- and low-risk groups in
TCGA dataset, cuproptosis genes, cuproptosis-related
IncRNAs, and risk signatures. The seven cuproptosis-
related IncRNAs differentiated between the low- and high-
risk groups (Figure 5A-5D). Univariate and multivariate Cox
regression analyses suggested the prognostic signature value
as an independent prognostic factor for bladder cancer. The
predictive signature constructed by the seven cuproptosis-
related IncRNAs was an independent prognostic character
(Figure 64,6B).
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Figure 2 Construction of the risk signature. (A) A total of 480 cuproptosis-related IncRNA. (B) A total of 14 prognostic cuproptosis-related
IncRNAs. (C,D) LASSO regression is performed with the minimum criteria. (E) Correlation between the seven IncRINAs involved in signature
construction and copper death-related genes. (F) Predictive accuracy of the risk signature, compared with the clinicopathologic characteristics.
IncRINA, long non-coding RNA; CI, confidence interval; AUC, area under the curve; LASSO, least absolute shrinkage and selection operator.
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Figure 3 The survival prediction of the risk signature. (A) Accuracy of the risk signature in 1-, 3-, and 5-year ROC curves. (B-D) Kaplan-
Meier curves for the OS of patients in all datasets, along with the high- and low-risk groups. AUC, area under the curve; ROC, receiver

operating characteristic; OS, overall survival.

Establishing an individualized prognostic signature

We considered the clinical application of the risk scores of
cuproptosis-related IncRNAs in predicting OS in patients
with bladder cancer. Subsequently, we constructed an
individualized prognostic signature using the nomogram
signature (Figure 6C,6D). The signature demonstrated good
predictive power to predict the 1-, 3-, and 5-year OS.

Functional envichment analysis and immune infiltrate

analysis

We performed a GSEA analysis to explore the biological
processes and signaling pathways. Pathways involved in
cytokine regulation, tumorigenesis, and migration, such
as the focal adhesion pathway and cytokine-cytokine
receptor interaction pathway, were enriched in the high-
risk group (Figure 74,7B). The immune cell infiltration

© AME Publishing Company.

analysis demonstrated that the high-risk group expressed
high chemokines and T cell inhibition and low antigen-
presenting cells (Figure 84). We analyzed the correlation
between tumor-infiltrating immune cells and risk scores
using the “CIBERSORT” R package. Monocytes,
endothelial cells, and cluster of differentiation 8 (CD8)"
T cells were positively correlated with the risk score
(Figure 8B). Thus, patients with a high content of these cells
and high-risk score demonstrated worse prognosis.

According to the genetic change analysis, 15 genes,
including TP53, TTN, KMT2D, and so on, were
significantly different between the high- and low-risk score
subgroups (Figure 8C,8D).

Discussion

Bladder cancer is the predominant cancer among
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urinary malignancies; it is one of the most prevalent
cancers worldwide (17). Multidisciplinary treatment,
including surgery, chemotherapy, and immunotherapy,
has considerably improved survival in patients with
bladder cancer; nonetheless, the prognosis remains
unsatisfactory (18). Therefore, clinicians should identify the
prognostic and molecular features specific to bladder cancer
to improve patient outcomes.

Cuproptosis induces proteotoxic stress and finally leads
to cell death. Patients with tumors report a significantly
higher content of copper ions in the serum and solid tumor
tissues than healthy people (19,20). The increased content
can promote the proliferation and metastasis of tumor cells
and angiogenesis (20). Wang ez 4l. reported that blocking
Cu’* transport can cause oxidative stress, reduce cellular
ATP levels, and activate AMP-activated protein kinase,
thereby reducing adipogenesis and inhibiting tumor cell
proliferation (21). Safi er /. demonstrated that in hormone-
sensitive and castration-resistant disease signatures,

© AME Publishing Company.

disulfiram alone did not significantly affect the growth
of prostate cancer cells. In contrast, disulfiram combined
with copper significantly inhibited the growth of prostate
cancer cells (22). Therefore, understanding the biological
process of copper drooping in tumor cells may facilitate the
identification of novel therapeutic targets.

Abnormal IncRNA expression promotes the occurrence
and development of bladder cancer (23,24). Bladder cancer-
associated transcript 2 promotes lymphangiogenesis
and lymphatic metastasis in bladder cancer (25). The
copper metabolism MURRI1 domain family is involved
in cholangiocarcinogenesis through the EX41-miR-340-
COMMDG6 competitive endogenous RNA (ceRNA)
network (26). However, researchers have not investigated
cuproptosis-related IncRNAs in bladder cancer. In this
study, we constructed a prognostic risk signature with good
predictive power (1-, 3-, and 5-year survival rates of 0.711,
0.673, and 0.684, respectively) based on cuproptosis-related
IncRNAs. Cox regression analysis demonstrated the risk
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signature as an independent factor.

We utilized LASSO regression and multivariate Cox
regression analysis to examine seven IncRNAs (4C124069.1,
AC092794.1, GRKS-IT1, AC253576.2, AC021321.1,
AC103746.1, and AL031429.2). The cuproptosis genes co-
expressed by three IncRNAs are DBT, ATP7A4, and NLRP3,
which are also associated with prognosis. We utilized these
seven cuproptosis-related IncRNAs to construct the risk
score signature and individualized prognostic signature.
Risk scores can accurately predict patient outcomes without
considering the traditional clinical risk markers or molecular
factors. The differences in age, stage, sex, and grade did not
affect the accuracy of the risk score signature in predicting
prognosis. The individualized prognostic signature
incorporated a cuproptosis-related IncRNA prognostic
risk signature and clinicopathological parameters. This in
turn could facilitate predicting the prognosis of individual
patients.

© AME Publishing Company.

GSEA suggested that the high-risk group was primarily
enriched in cytokine regulation, tumorigenesis, and
migration. Similarly, immune cell infiltration in the high-
risk group demonstrated high expressions of chemokines,
monocytes, endothelial cells, and CD8" T cells. Therefore,
cuproptosis-related IncRNAs may be involved in regulating
bladder cancer progression through these immune cells and
chemokines. The lymphocyte/monocyte ratio affected the
prognosis of bladder cancer (27). Additionally, the genetic
alteration analysis suggested that the high-risk group
demonstrated higher mutation frequencies. This finding
explains the mechanism underlying poor prognosis in the
high-risk group. Immunotherapy may be more effective
in patients with high TMB because of their relatively
high number of neoantigens (28,29). Furthermore,
immunotherapy is more beneficial for patients in the high-
risk group with high TMB. A limitation of this study is the
lack of external validation for IncRNA expression data from
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Figure 8 The results of immune infiltrate analysis. (A,B) Expressions of immune infiltrate analysis using the “GSEABase”, “GSVA”, and
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other sources. Researchers should validate the role of these
IncRNAs in bladder cancer in the future.

Conclusions

In summary, we comprehensively evaluated the correlation
between cuproptosis-related genes and tumorigenesis
in patients with bladder cancer. Cuproptosis-related
IncRNAs may be central to tumorigenesis, providing a

© AME Publishing Company.

novel therapeutic target for patients with bladder cancer.
We constructed a risk score signature and individualized
predictive signature based on cuproptosis-related IncRNAs
to predict the survival of these patients.
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