Gheck for
updates

Original Article

A signature of cuproptosis-related IncRNAs predicts prognosis
and provides basis for future anti-tumor drug development in
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Background: Breast cancer is the most prevalent malignancy worldwide and the leading culprit for
women’s death. Cuproptosis is a novel and promising modality of tumor cell death and the relationship with
long non-coding RNAs (IncRNAs) remains shrouded in a veil. Studies in cuproptosis-related IncRNAs can
aid in the clinical management of breast cancer and provide a basis for anti-tumor drug development.
Methods: RNA-Seq data, somatic mutation data, and clinical information were downloaded from The
Cancer Genome Atlas (TCGA). Patients were divided into high- and low-risk groups according to the risk
score. Cox regression and least absolute shrinkage and selection operator (LASSO) regression analyses were
used to select prognostic IncRNAs to construct a risk score system. Its’ prognostic value was confirmed in the
training and validation cohorts subsequently. Functional analysis regarding cuproptosis-related IncRNAs was
performed.

Results: Eighteen cuproptosis-related IncRNAs were identified and 11 of them including AL023882.1,
AC091588.1, AC138028.2, AC027514.1, AL592301.1, LRRCSC-DT, MFF-DT, NIFK-AS1, MECOM-
AS1, OTUD6B-AS1 and RNF32-AS1 were selected for risk score system construction. The risk score was
confirmed as an independent prognostic factor and patients in the high-risk group had a worse prognosis. A
nomogram based on the independent prognostic factors was constructed for clinical decision aids. Further
analyses revealed that patients in the high-risk group faced a heavier tumor mutational burden (TMB) and
suppressed anti-tumor immunity. Besides, cuproptosis-related IncRNAs were associated with the expression
of immune checkpoint inhibitors, N6-adenylate methylation (m6a), and drug sensitivity in breast cancer.
Conclusions: A prognostic risk score system with satisfactory predictive accuracy was constructed. Besides,
cuproptosis-related IncRNAs can influence the immune microenvironment, TMB, m6a, and drug sensitivity

in breast cancer, which may provide a basis for future anti-tumor drug development.
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Introduction

Breast cancer has surpassed lung cancer as the most
prevalent malignancy worldwide (1). In addition, breast
cancer is the leading culprit for death in women (1).
Although the prognosis for early-stage breast cancer
patients has dramatically improved thanks to advances in
imaging technologies, significant regional disparities still
exist. Breast cancer patients in less developed areas are still
facing a difficult situation due to delayed diagnosis (2,3).
Meanwhile, patients with advanced breast cancer are still
in despair, with a 5-year survival rate of 20% and a median
overall survival time of 2-3 years (4). Therefore, it is of
great importance to explore biomarkers for prognosis
prediction and novel anti-tumor drug development.
Cuproptosis is a novel pattern of cell death differing
from traditional cell death processes like apoptosis,
autophagy, pyroptosis, and ferroptosis. The copper ion
is an indispensable trace element in living organisms and
is maintained at an extremely low level in the normal
physiological setting. When the intracellular concentration
of copper ions exceeds the threshold for maintaining
homeostasis, excess coppers bind directly to the lipid-
acylated components of the tricarboxylic acid cycle (TCA),
resulting in lipid acylated protein aggregation and iron-
sulfur cluster protein loss, leading to proteotoxic stress and
cell death. Researchers knocked out the essential apoptosis
factors BAX and BAKI and treated them with well-
known cell death modality inhibitors (ferrostatin-1 against
ferroptosis, necrostatin-1 against necroptosis, and N-acetyl
cysteine against oxidative stress) to examine the crosstalk
between cuproptosis and existing cell death patterns.

Highlight box

Key findings
* We selected 11 cuproptosis-related IncRNAs to construct a risk
score system to predict the prognosis and guide treatment of breast

cancer patients.

What is known and what is new?

* Cuproptosis is a novel and promising modality of tumor cell death,
and IncRNAs play an important role in cancer development.

*  We proposed a new risk score system using cuproptosis-related
IncRNAs.

What is the implication, and what should change now?

¢ The risk score system provides a basis for the clinical treatment of
breast cancer patients, and more experiments will be done on these
cuproptosis-related IncRNAs in future.
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As a result, they discovered that cuproptosis was solely
dependent on the accumulation of intracellular copper ions
and could not be interfered with by any of the known cell
death patterns (5). This novel and manageable cell death
pattern promises to usher in a new era in the treatment of
breast cancer.

Long non-coding RNAs (IncRNAs) are a category of
transcript RNAs with a length of more than 200 nucleotides
with no ability to code proteins (6). Instead, it can
achieve post-transcriptional modification of mRNAs and
regulation of cellular functions by competing endogenous
RNAs (ceRNA) (7). This epistemic regulatory pattern
of IncRNAs has been proven to be closely related to the
development, progression, and cell death of breast cancer
(8,9). Both Zhao et 4l. and Dong et al. demonstrated that
IncRNAs could affect the apoptosis of breast cancer cells
by interacting with miRNAs in their studies (10,11).
Wang er al. revealed that IncRNA H19 could promote
drug resistance of breast cancer cells by regulating
autophagy (12). Yan et /. demonstrated in their study
that IncRNA MEG3 was related to Cisplatin-induced
pyroptosis (13). In the study conducted by Mao ez al., they
proposed that IncRNA P53RRA could interact with G3BP1
to regulate breast cancer ferroptosis through P53 (14).
Meanwhile, IncRNAs also serve as the biomarker for cancer
diagnosis and prognosis (15). However, it is still not clear
what the relationship between IncRNAs and cuproptosis is
and what role cuproptosis-related IncRNAs play in breast
cancer.

In this study, a prognostic risk score system comprising
cuproptosis-related IncRNAs based on the TCGA data
was first developed. Then, the role of cuproptosis-related
IncRNA, immune microenvironment, tumor mutational
burden (TMB), and N6-adenylate methylation (m6a)
in breast cancer prognosis was explored. We present
this article in accordance with the TRIPOD reporting
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-22-2702/rc).

Methods
Acquisition and processing of patient data

The RNA-seq data comprised 1,113 breast cancer samples
and 113 normal breast tissues were downloaded from the
BRCA (breast invasive carcinoma) project of TCGA (The
Cancer Genome Atlas) (https://portal.gdc.cancer.gov/).
Sequencing data was processed into the STAR format for
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further analysis. Clinical information and mutation data
were also obtained from TCGA. Patients lacking clinical
information were excluded. Cuproptosis-related genes
were obtained from a piece of published literature (5). This
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013).

Identification of cuproptosis-related IncRNAs

The “limma” package in R was used to identify the expression
of cuproptosis-related genes in tumor samples and to identify
cuproptosis-related IncRNAs by co-expression analysis. The
existence of a co-expression relationship was implied by
meeting the criteria of | Cor| >0.4 and P<0.001.

Construction and validation of a cuproptosis-related
IncRNAS risk scove system

All patients were allocated at random into the training
cohort and the validation cohort in a 1:1 ratio. In the training
cohort, the univariate Cox regression analysis was used to
select IncRNAs associated with prognosis. The least absolute
shrinkage and selection operator (LASSO) regression was
used to further specify hallmark genes comprising the
risk score. On this basis, every patient got a risk score.
Risk score = (-0.623693964126545*ExpressionNIFK-
AS1) + (-0.441658254819315*Expression AL023882.1)
+ (1.40269668671941*Expression AC091588.1)
+ (-2.4380379946419*Expression AC138028.2)
+ (0.918403164700327*Expression AC027514.1)
+ (0.879444991789677*Expression MECOM-
AS1) +( -2.36124060410255*Expression LRRC8C-
DT) + (0.403143544676337*Expression OTUDG6B-
AS1) + (-1.03019000430915*ExpressionRNF32-
AS1) + (2.42969891942799*Expression MFF-DT) +
(0.795910837876363*ExpressionAL.592301.1). Based on the
mean value of risk scores, they were divided into the high-risk
group and the low-risk group. In both the training cohort
and validation cohort, the Kaplan-Meier analysis was used
to investigate the relationship between risk score and patient
prognosis, including overall survival (OS) and progression-
free survival (PFS). The receiver operating characteristic
(ROC) curve was used to assess the prognostic prediction
power of the risk scoring system. Packages in R including
“survival”, “caret”, “glmnet”, “survminer” and “timeROC”
were used.

© Translational Cancer Research. All rights reserved.
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Construction and assessment of a nomogram

The univariate and multivariate Cox regressions were used
to examine the independent prognostic role of the risk score
system and to clarify remaining prognostic factors. On this
basis, a nomogram was developed to predict the 1-, 3- and
S-year survival rates of patients. Its accuracy was assessed
by a calibration plot. Packages in R including “survival”,
“regplot” and “rms” were used.

Functional enrichment analysis between bigh- and low-
visk groups

Differentially expressed genes (DEGs) were identified
between high- and low-risk groups in the tumor samples.
The criteria for differential expression were |logFCI>1 and
P<0.05. The Gene Ontology (GO) and Kyoto Encyclopedia
of Genes and Genomes (KEGG) were used to identify
functions and key signaling pathways associated with
DEGs. Packages in R including “limma”, “colorspace”,
“stringi”, “ggplot2”, “circlize”, “RcolorBrewer”,

“gapubr”, “colorspace”, “stringi”, “ggplot2” “circlize” and
“RColorBrewer” were used.

Analysis and quantification of the mutation burden

The mutation data were downloaded from TCGA. TMB
refers to the number of mutated bases per million bases.
After obtaining the TMB for each patient, the variations in
patient TMB between the high- and low-risk groups were
first investigated. Waterfall plots were used to demonstrate
differences in mutation frequencies between high- and low-
risk groups. Then, all patients were divided into high- and
low-mutation groups based on the TMB cut-off value to
examine the relationship between TMB and prognosis.
Packages in R including “ggpubr”, “limma”, “survival” and
“survminer” were used.

Analysis of the immune infiltration

Differences in immune infiltration and immune-related
processes between the high- and low-risk groups with
the single-sample gene set enrichment analysis (ssGSEA)
algorithm were examined. In addition, differences in the
immune checkpoint inhibitors expression between the
two groups with a view were examined to offer advice for
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Figure 1 Sankey diagram of 16 cuproptosis-related genes and 788 co-expressed IncRINAs showed co-expression relationships between them.

IncRNAs, long non-coding RNAs.

potential immunotherapy. Packages in R including “limma”,
“GCVA”, “GSEABase”, “Pheatmap” and “reshape2”

were used.

Analysis of the drug sensitivity

IC50 refers to the drug concentration required to inhibit
50% of a target, which is used to evaluate the sensitivity of
a drug. To explore the relationship between cuproptosis-
Related IncRNAs and the anti-tumor drug sensitivity, the
IC50 of 251 kinds of anti-tumor drugs was calculated and
their differences between the high- and low-risk groups
were compared. Packages in R including “pRRophetic”,
“ggpubr”, “limma” and “ggplot2” were used.

Statistical analysis

The Chi-square test was used to analyze differences in
patients’ general characteristics between the two groups.
Pearson correlation analysis was used to investigate the co-
expression relationship between IncRNAs and cuproptosis-
related genes. The Kaplan-Meier analysis with a log-rank
test was used to investigate the OS and PES of patients in
different groups. The Cox regression was used to identify
independent prognostic factors. Factors with P<0.1
in univariate regression were included in multivariate
regression. Statistics were judged significant at P<0.05. All
statistical analyses were carried out in R (v.3.6.2).

© Translational Cancer Research. All rights reserved.

Results
Acquisition of cuproptosis-related IncRNAs

Initially, 19 cuproptosis-related genes from the original
literature were extracted. Then, using co-expression
analysis, 677 cuproptosis-related IncRNAs were found in
the TCGA database. The co-expression relationships are
displayed in a Sankey diagram shown in Figure 1, above the
picture are cuproptosis-related genes and below the picture
are cuproptosis-related IncRINAs, the connections between
them represent the co-expression relationships (Figure 2).
The process of data collection and analysis is shown in
Figure 2.

Construction of a risk score system

All 1,094 eligible patients were divided randomly into the
training and validation cohorts in a 1:1 ratio after those
lacking clinical information were excluded. The training
cohort was used to construct the risk score system and
the validation group was used to verify its prognostic
value. After statistical analysis, there were no statistically
significant differences between the two patient groups
in terms of demographics like age, gender, or stage
(Table 1). The construction of the risk score system is shown
in Figure 3. In the training cohort, 18 prognostic-related
IncRNAs were identified using univariate cox regression
analysis (Figure 34). Then, by LASSO regression analysis,
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RNA expression data of 1,113 BRCA
patients from TCGA

A

Cuproptosis-related genes (n=19)

\

677 cuproptosis-related INcRNAs
were identified

19 patients without clinical
information were excluded

Y
1,094 patients were included in
grouping
Y A
Validation cohort (n=547) Training cohort
(n=547)
A
18 IncRNAs after univariate
Cox regression analysis
Y
11 hallmark IncRNAs after
LASSO regression analysis
Y Y
Functional analysis Survival analysis
A A Y A Y
Go and KEGG Immune infiltration T™MB m6a Drug sensitivity

Figure 2 Flow chart of data collection and analysis. RNA, ribonucleic acid; BRCA, breast invasive carcinoma; TCGA, The Cancer Genome
Atlas; IncRNA, long non-coding RNA; LASSO, least absolute shrinkage and selection operator; GO, gene ontology; KEGG, Kyoto
Encyclopedia of Genes and Genomes; TMB, tumor mutation burden; m6a, N6-adenylate methylation.
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Table 1 Demographics of 1,094 patients
Variables Total cohort (n=1,094), n (%)  Training cohort (n=547), n (%) Validation cohort (n=547), n (%) P value
Age (year) 1.000
<65 774 (70.75) 387 (70.75) 387 (70.75)
>65 320 (29.25) 160 (29.25) 160 (29.25)
Gender 0.1467
Female 1,082 (98.9) 544 (99.45) 538 (98.35)
Male 12 (1.1) 3(0.55) 9 (1.65)
Stage 0.1729
Stage | 182 (16.64) 102 (18.65) 80 (14.63)
Stage |l 619 (56.58) 309 (56.49) 310 (56.67)
Stage Il 249 (22.76) 113 (20.66) 136 (24.86)
Stage IV 20 (1.83) 11 (2.01) 9 (1.65)
Unknown 24 (2.19) 12 (2.19) 12 (2.19)
T stage 0.3438
T1 280 (25.59) 150 (27.42) 130 (23.77)
T2 633 (57.86) 314 (57.4) 319 (58.32)
T3 138 (12.61) 66 (12.07) 72 (13.16)
T4 40 (3.66) 16 (2.93) 24 (4.39)
Unknown 3(0.27) 1(0.18) 2(0.37)
N stage 0.2541
NO 516 (47.17) 271 (49.54) 245 (44.79)
N1 361 (33.00) 181 (33.09) 180 (32.91)
N2 120 (10.97) 54 (9.87) 66 (12.07)
N3 77 (7.04) 33 (6.03) 44 (8.04)
Unknown 20 (1.83) 8 (1.46) 12 (2.19)
M stage 0.5441
MO 910 (83.18) 457 (83.55) 453 (82.82)
M1 22 (2.01) 13 (2.38) 9 (1.65)
Unknown 162 (14.81) 77 (14.08) 85 (15.54)

T, tumor; N, node; M, metastasis.

we obtained the minimum error from the figure that we
should select 11 genes that were used to construct the risk
score system (Figure 3C). And Coefficient distribution
diagram showed the risk score of each IncRNA (Figure 3B).
In the meantime, a heat map was plotted to display the co-
expression relationship between these IncRNAs and the
original 19 cuproptosis-related genes (Figure 3D). According

© Translational Cancer Research. All rights reserved.

to the risk score system, each patient was assigned a risk
score. Based on the average of the risk scores, they were

further divided into high- and low-risk groups.

Validation of the risk score system

As shown in Figure 4, we discovered that patients in the
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Figure 3 Construction of a risk score system. (A) 18 IncRNAs after univariate Cox regression, the red IncRNAs were related to high risk

and the green IncRNAs were related to low risk. (B,C) LASSO regression was used to construct the risk score system. (D) Co-expression

relationship between 19 cuproptosis-related genes and 11 prognostic cuproptosis-related IncRNAs. IncRNA, long non-coding RNA;

LASSO, least absolute shrinkage and selection operator.

high-risk group had a worse prognosis than those in the
low-risk group. On this basis, Figure 5 shows the validation
of the risk score system, results of the Kaplan-Meier
analysis proved that patients in the high-risk group had
worse 10-year OS, compared to those in the low-risk group
(Figure 5A). This discovery was confirmed in the validation
cohort, and the total cohort (Figure 5B,5C). By principal
component analysis (PCA), four graphs are used to show the
differentiation efficacy of various gene sets (Figure SD-5G).
The results demonstrated that the signature IncRNAs had
the strongest differentiation efficacy among all four gene
sets (signature IncRNAs, cuproptosis-related IncRNAs,
cuproptosis-related genes, and total genes).

© Translational Cancer Research. All rights reserved.

The risk score system bas a strong prognostic value for both
early and late-stage patients

The prognostic value of the risk score system in different
patient subgroups was examined in Figure 6. The result
demonstrated that patients in the high-risk group had a
worse prognosis compared with those in the low-risk group,
in both early and late-stage subgroups (Figure 64,6B).

Construction and validation of a nomogram

As shown in Figure 7, the univariate and multivariate

cox regressions were used to examine the prognostic
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Figure 4 Patients in the high-risk group had worse survival chances than those in the low-risk group. It was confirmed in the (A) training

cohort, (B) validation cohort, and (C) entire cohort. The above three pictures represented the risk score of patients, the middle of the

pictures revealed the survival time of patients, and the bottom figure showed the relationship between the expression of IncRNAs and

patients’ risk scores. IncRNA, long non-coding RNA.

significance of variables. The P value of our risk score
system was less than 0.05 in both univariate and multivariate
regressions, confirming the independence of its prognostic
significance (HR =1.025, 95% CI: 1.014-1.036, P<0.001).
The remaining independent prognostic factors were age
(HR =1.035, 95% CI: 1.022-1.049, P<0.001) and stage (HR
=2.168, 95% CI: 1.728-2.719, P<0.001) (Figure 7A,78).
The Kaplan-Meier analysis confirmed the prognostic
value of our risk score for PFS (Figure 7C). The receptor
operating characteristic curve (ROC) was used to examine
the predictive power of independent prognostic factors.
With AUC values of 0.753, 0.760, and 0.702, respectively,
the results demonstrated that our risk score system had a
decent ability to predict patients’ prognosis at 1-, 3-, and
S-year (Figure 7D). Further, the C-index indicated that our
risk score system exhibited higher predictive accuracy than
other factors (Figure 7E,7F). Based on this, a nomogram was
developed to achieve a quantitative forecast of the patient’s
prognosis (Figure 6C). Its prediction accuracy was verified
in the subsequent Calibration (Figure 6D).

GO and KEGG envichment analysis

The functional enrichment analysis was performed to

© Translational Cancer Research. All rights reserved.

investigate which cellular functions and signaling pathways
were related to patients’ risk scores in Figure 8. First, 148
differentially expressed genes (DEGs) between high- and
low-risk groups were distinctly found. They are shown in
Table S1. On this basis, the GO analysis described their
significantly enriched molecular function (MF), cellular
component (CC), and biological process (BP). In the
MF category, they were mainly enriched in “signaling
receptor activator activity”, “receptor ligand activity”,
In the CC

category, they were mainly enriched in the “external side

and “immunoglobulin receptor binding”.

of plasma membrane”, “apical plasma membrane”, and
“immunoglobulin complex”. In the BP category, they
were mainly enriched in “activation of immune response”,
“B cell activation”, and “immune-response-activating
signal transduction” (Figure 84,8B). Besides, the KEGG
analysis revealed that they were significantly enriched
in signaling pathways including “neuroactive ligand-
receptor interaction”, “primary immune deficiency”,
“cytokine-cytokine receptor interaction”, and “B cell
receptor signaling pathway” (Figure 8§C,8D). Taken
together, the two groups showed significantly different
levels of immune-related functions and signaling pathways

activation.
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Analysis of immune infiltration and immune-velated
functions

Using the ssGSEA algorithm, differences in immune
functions between the high- and low-risk groups are
depicted in Figure 9. The results revealed that “type
IT IFN response”, “cytolytic activity”, “inflammation-
promoting”, “T-cell co-stimulation” and “CCR” were
significantly different between the two groups (P<0.05).
And they were all inhibited in the high-risk group
(Figure 94,9B). The relationship between risk score and
immune checkpoint genes was also examined. The findings
showed that 34 immune checkpoint genes substantially
differed in expression between high- and low-risk groups
(Figure 9C).

© Translational Cancer Research. All rights reserved.

Patients in the bigh-risk group faced a beavier tumor
mutational load

Alteration in cancer-related genes is one of the most
important causes of carcinogenesis which is shown in
Figure 10. According to different mutation patterns of
oncogenes and tumor suppressor genes, such as missense
mutations and code-shifting mutations, anti-tumor drugs
have been developed. In this study, differences in tumor-
related gene mutation patterns between high- and low-risk
groups were examined. The results indicated that patients
in the high-risk group faced a heavier tumor mutation load
(Figure 10A4). And the missense mutation made up the highest
percentage of all mutation types (Figure 10B,10C). Based on
the TMB of patients, they were divided into high TMB and
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low TMB groups. Kaplan-Meier analysis revealed that patients internal modification of RNAs. Aberrant expression of
in the high TMB group had a worse prognosis compared with genes regulating the m6a modifying enzyme has been
those in the low TMB group (Figure 10D) (P<0.05). demonstrated to be closely related to tumorigenesis and
progression. In this study, differences in m6a modifier
gene expression between the low- and high-risk groups
were analyzed. The results indicated that “METTL3”
and “YTHDCI1” expressed differentially between the two
The N6-adenylate methylation (m6a) is a form of groups (Figure 9D).

Identification of the relationship between the risk score
system and N6-adenylate methylation
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Identification of the relationship between the risk score
system and drug sensitivity

As shown in Figure 11, the relationship between the risk
score system and anticancer drugs was examined, to further
validate its clinical use. A total of 251 drugs were included
in the analysis, and the results revealed that the sensitivity
of 26 of them differed significantly between high- and low-
risk groups (P<0.05) (Figure 11).

© Translational Cancer Research. All rights reserved.

Discussion

The prognosis for breast cancer patients has improved
dramatically over the past few decades, but the existence of
insurmountable obstacles cannot be denied (16,17). The
formidable heterogeneity of breast cancer forbids us from
covering all patients with a single treatment strategy (18).
Additionally, over the lengthy course of treatment, tumor
cells frequently undergo mutation, resulting in resistance
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Figure 11 Identification of the relationship between the risk score system and drug sensitivity. The sensitivity of 26 kinds of anti-tumor

drugs differed significantly between high- and low-risk groups (A-Z).

to the existing treatment regimens (19). This condition
spurs us to delve more deeply into breast tumor cells’
physiological processes and discover the mechanisms
underlying their development and death. On the one hand,
it aids in the development of novel targeted drugs. On the
other hand, oncologists might use prognostic biomarkers
or decision support tools to rationally “escalate” or “de-
escalate” therapy plans while facing complicated treatment
options.

“Resisting cell death” is one of the most important
hallmarks of cancer and researches on tumor cell death
has always been a hot topic in both basic and clinical
settings (20). Cuproptosis is a novel modality of cell death that
may shed new light on tumor management (5). In addition,
IncRNAs participate in the regulation of cell functions by the
means of post-transcriptional modification (21). Cell death-
related IncRNAs can act as prognostic biomarkers for
cancers and have been used for drug development. However,
the relationship between IncRNAs and cuproptosis and
the role cuproptosis-related IncRINAs play in breast cancer
remain shrouded in the veil.

In this study, we obtained 677 cuproptosis-related
IncRNAs in breast cancer and identified 18 prognostic ones
by univariate cox regression analysis. After the LASSO
regression, 11 of them, including A1.023882.1, AC091588.1,
AC138028.2, AC027514.1, AL592301.1, LRRC8C-DT,

© Translational Cancer Research. All rights reserved.

MFF-DT, NIFK-AS1, MECOM-AS1, OTUD6B-ASI, and
RNF32-AS1 were selected to develop a risk score system,
which was subsequently proven to have an independent
prognostic value.

OTUDG6B-AS1 (ovarian tumor domain containing 6B
antisense RNA1) was reported to be related to the cell death
of cancers including bladder cancer, clear renal cell cancer,
and breast cancer (22). Xu et 4/. found that OTUD6B-AS1
was related to ferroptosis and able to influence the immune
microenvironment in breast cancer (23). Li e a/. reported
in their study that OTUDG6B-ASI could promote paclitaxel
resistance of triple-negative breast cancers by mediating
autophagy and genomic instability (24). Wang et al. reported
in their study that OTUD6B-AS1 could promote apoptosis
of clear renal cell carcinoma through the Wnt/B-catenin
pathway (25). NIFK-AS1 was a IncRNA well-known for its
ability to promote polarization of macrophages (26). Chen
et al. found that upregulation of NIFK-AS1 could promote
the progression of hepatocellular carcinoma and sorafenib
resistance (27). LRRC8C-DT was reported to be connected
with a prognosis of melanoma patients in the study by Li
et al. (28). Unfortunately, there are no relevant studies for
the remaining IncRNAs to clarify their functions.

GO and KEGG analysis revealed that cancer signaling
pathways and immune-related functions were differentially
activated between the high- and low-risk groups. Further

Transi Cancer Res 2023;12(6):1392-1410 | https://dx.doi.org/10.21037/tcr-22-2702
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analysis revealed that immune processes related to tumor-
suppressing including type 1l IFN response, T-cell co-
stimulation, and cytolytic activity were suppressed in
varying degrees in the high-risk group (29). In addition,
genes of immune checkpoint inhibitors were also found
related to the cuproptosis-related IncRNAs. It is well-
known that IncRNAs participate in epigenetic modulation
through complex mechanisms, which consequently have
an impact on the biological behavior of cancer cells. The
findings in this study indicated that cuproptosis related
IncRNAs were able to modulate a series of signaling
pathways, which may further influence cellular functions
like immunol response and drug sensitivity. For example,
the Akt signaling pathway, which was found to be enriched
in this study, has been proven to be able to influence cancer
cells” drug sensitivity in previous studies (30,31). On this
basis, we speculate that there must be some unrevealed links
between cuproptosis and these cellular functions. In this
context, IncRNAs must play an integral role, but the exact
mechanisms by which they are involved are still a misery.
We believe that a deeper exploration of this issue is certain
to novel unprecedented discoveries, and IncRNAs may be a
suitable portal for a breakthrough.

Besides, we discovered that patients in the high-risk
group faced a high tumor mutational burden, with PIK3CA
and P53 as the most frequently mutated genes in breast
cancer. Our findings suggested the potential connection
between TMB and cuproptosis. Then, we grouped patients
according to the TMB and proved its relationship with
prognosis. Both cuproptosis and TMB serve as important
prognostic factors for breast cancer patients, but we
are not able to explore the detailed mechanisms in this
article. More preclinical mechanical studies on this basis
are wanted. Abnormalities of enzymes that participated
in m6a are closely associated with tumorigenesis and
progression (32). In this study, we noticed that genes
regulating m6a modifying enzymes were closely related
to cuproptosis related-IncRNAs, which may provide
new targets for future tumor treatment. In addition, the
sensitivity of anti-tumor drugs was significantly different
between the two groups, indicating the potential clinical
value of the risk score system.

Cuproptosis is a novel and promising modality of tumor
cell death. However, there is still a long way to go before
it can be used in clinical settings (33). In this study, we
obtained cuproptosis-related IncRNAs and constructed a
prognostic risk score system on this basis, which may be
useful for the clinical treatment of breast cancer patients.
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In addition, we analyzed cellular functions, signaling
pathways, immune microenvironment, tumor mutational
load, m6a, and drug sensitivity associated with cuproptosis-
related IncRNAs, aiming to provide possible targets for
the development of novel anti-tumor drugs. However,
some limitations of this study cannot be ignored. This
is only a study relying on the public database. More
preclinical studies are required to explore specific molecular
mechanisms, and large clinical trials are needed to further
validate the prognostic value of cuproptosis-related

IncRNAs.

Conclusions

In this study, we developed a prognostic risk score system
for breast cancer patients based on cuproptosis-related
IncRNAs and demonstrated that it had satisfactory
predictive accuracy. In addition, we discovered that
cuproptosis-related IncRNAs were associated with
the immune microenvironment, TMB, m6a, and drug
sensitivity in breast cancer, which may provide the basis for
future anti-tumor drug development.
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Supplementary

Table S1 Risk difference of 148 DEGs between high and low-risk groups

Gene Low mean High mean logFC P value FDR
NLRP5 1.65009982 0.79512632 -1.0532973 7.91E-10 4.91E-09
RPL26P30 4.72972028 1.35573464 -1.80268 4.67E-05 0.00011708
MYH7 2.21013064 0.25566117 -3.1118267 0.00065785 0.00132591
IGHV1-12 4.87180193 2.34440052 -1.0552364 2.09E-08 1.00E-07
YD 0.60645917 1.79475431 1.56530393 4.98E-13 5.82E-12
TMC3 1.9375889 0.96575841 -1.0045283 9.89E-06 2.82E-05
IGKV20R22-4 5.47471587 2.03309408 -1.4291071 2.75E-07 1.07E-06
TCL1A 3.73095321 1.28797489 —-1.5344398 2.97E-09 1.66E-08
MIR200B 2.56173936 1.17190367 -1.1282697 1.38E-12 1.48E-11
EDN3 3.73569752 1.75713324 -1.0881541 3.29E-15 5.83E-14
SNORD15B 25.1438377 6.75237395 -1.8967382 0.00027198 0.00059092
CR2 5.36637862 2.09425847 -1.3575093 5.10E-07 1.88E-06
VPREB3 8.43855385 3.79072492 -1.154522 6.38E-07 2.31E-06
GSTA3 1.39908339 2.80199687 1.00197339 0.00340808 0.00594712
BLK 1.54071835 0.53438188 -1.5276602 4.26E-12 4.08E-11
IL17B 4.35094083 1.37454277 -1.6623756 6.36E-17 1.62E-15
IGHA2 575.411323 199.47379 -1.5283944 1.75E-16 4.04E-15
COL9A3 16.8102657 7.60700398 —-1.1439423 4.69E-06 1.42E-05
CPLX2 2.78582624 7.43493713 1.41621527 3.63E-06 1.13E-05
ECRG4 14.6620038 4.67040616 -1.6504624 3.10E-17 8.43E-16
SYT8 7.93041505 3.4399793 —-1.2049965 3.13E-17 8.50E-16
PRSS12 2.09956211 0.95901585 -1.1304619 5.07E-09 2.71E-08
MyL2 3.13672037 0.57105307 —-2.4575602 8.22E-07 2.90E-06
NXNL2 8.55568963 3.97536378 -1.1057973 4.84E-19 1.95E-17
TRBJ1-5 7.68419505 3.68579842 -1.059917 4.64E-09 2.50E-08
IGHJ3P 20.6763581 9.86579718 -1.0674746 1.08E-09 6.55E-09
RN7SL1 913.837042 1891.27892 1.04935331 0.01531686 0.0234065
IGHV3-72 59.0108152 24.5841944 -1.2632483 8.51E-10 5.26E-09
TNNI2 8.84060826 3.55401639 -1.3146953 7.96E-20 3.89E-18
ACO011503.1 2.22076294 0.47804083 -2.2158496 0.01642209 0.02492288
CRISP3 64.6327294 151.009536 1.22430283 0.00270846 0.00481545
TF 3.85135073 1.7577048 -1.1316717 4.38E-15 7.55E-14
CHGA 189.384089 20.5044652 -3.2073051 1.13E-07 4.69E-07
PAX7 0.96913156 2.62908276 1.43979512 1.78E-05 4.85E-05
CXCL17 50.193146 124.383486 1.30923267 0.01451637 0.02226844
GPIHBP1 7.65565128 3.75170549 -1.0289785 4.06E-20 2.15E-18
AVPR2 2.21075495 1.099119 -1.0081915 2.39E-21 1.69E-19
MPZ 11.0499026 2.59784951 -2.0886439 2.55E-13 3.13E-12
KRT6C 4.29799853 1.87964621 -1.1932039 0.02936534 0.04227853
IGHV3-64D 75.6990611 35.9999135 -1.072282 0.00015288 0.00034869
RNU1-67P 6.06540798 1.4551738 -2.0594132 1.04E-05 2.96E-05
CD79B 7.43505578 3.53424523 -1.0729414 4.68E-16 9.83E-15
LORICRIN 7.06948229 0.19079205 -5.2115316 1.21E-12 1.32E-11
AL606500.1 3.49133202 8.0370993 1.20289735 5.65E-07 2.07E-06
SPIB 6.40189835 2.75404927 -1.2169454 5.24E-10 3.37E-09
CHIT1 14.4509259 4.4455742 -1.7007203 0.00274514 0.00487601
MYH11 17.7988406 8.78446615 -1.0187568 7.44E-13 8.40E-12
GZMM 8.85464936 4.31035191 -1.0386295 2.77E-14 4.08E-13
ZPLD1 1.30311101 3.72446321 1.51507252 0.01278133 0.01984461
CAVIN2 13.8290756 6.90851979 -1.0012562 3.12E-15 5.56E-14
KRT40 1.59507394 0.44194539 -1.8516833 0.02041617 0.03036897
MIR205 5.11440413 2.30942842 -1.1470303 2.86E-17 7.83E-16
TRBJ1-3 4.79085229 2.38935425 -1.0036616 3.47E-09 1.91E-08
LEFTY2 3.13594945 1.15811436 -1.4371246 1.43E-13 1.84E-12
MIR126 1.93437037 0.81498388 -1.2470206 8.38E-13 9.39E-12
AC004687.1 3.34897963 1.56415316 -1.0983398 4.04E-16 8.60E-15
GLRA3 6.88012312 2.46881794 -1.4786139 3.38E-09 1.86E-08
MAPT-AS1 1.61690248 0.7746208 -1.0616705 2.39E-16 5.31E-15
TMPRSS4 2.17912018 4.50710534 1.0484554 0.00307828 0.00541613
CLDN5 15.0181724 7.48015504 -1.0055692 9.78E-21 5.93E-19
FCER2 2.53081917 0.77575033 —-1.7059401 4.21E-13 5.00E-12
OSR1 7.90456138 3.44842216 -1.196749 1.72E-24 2.70E-22
SIRLNT 6.26329303 16.3451615 1.38387035 0.01121851 0.01764937
SPRR3 1.72903688 6.16047987 1.83307409 0.00060785 0.00123477
AC113346.1 0.52091807 1.59342905 1.61300639 0.00023655 0.00051932
B4GALNT2 0.90127991 3.40285109 1.91669689 4.10E-07 1.54E-06
AC136475.3 32.8151905 15.9870121 —-1.0374635 2.95E-15 5.28E-14
ATOH8 1.48703743 0.66978874 -1.1506629 4.93E-19 1.97E-17
RNU1-16P 2.41678 0.98887835 -1.2892212 0.03394713 0.04828657
MS4A1 11.5112474 4.03221882 -1.5133983 1.86E-08 8.96E-08
IGLVI-70 4.65297385 1.33762347 —1.798481 4.56E-05 0.00011464
ALX4 2.74669083 1.22099217 -1.1696406 1.91E-16 4.37E-15
DES 14.9213782 4.33654745 -1.782762 2.62E-07 1.02E-06
LINC02487 3.98586917 1.5184105 -1.3923325 0.0129326 0.02005719
IGHV1-45 6.79648073 3.11427492 -1.1258916 9.77E-08 411E-07
VEGFD 2.79238018 1.08255525 -1.3670547 6.55E-15 1.10E-13
CD300LG 3.04829183 1.20605889 -1.3377007 1.55E-19 6.93E-18
ZAP70 5.80942248 2.78022814 -1.0631915 2.51E-16 5.56E-15
CD19 3.8930845 1.55112656 -1.3275973 1.51E-09 8.89E-09
FCRLA 2.97549927 1.46018719 -1.0269784 1.99E-07 7.90E-07
GDF9 13.8662841 6.25715416 -1.1480027 6.78E-08 2.94E-07
PRSS35 1.50323752 0.67602162 -1.1529317 0.00501812 0.00848734
COL11A2 9.05585138 1.49409441 -2.599579 6.50E-13 7.43E-12
NPY2R 1.98478954 0.52644156 -1.9146407 3.14E-10 2.11E-09
LINCO1016 4.0316445 1.63121014 —-1.3054258 1.04E-08 5.26E-08
TRBJ2-7 4.29640119 1.98132939 -1.11666 4.67E-08 2.09E-07
IGKV6BD-21 13.874311 5.18759299 -1.4192789 2.80E-05 7.34E-05
CCL19 134.695634 57.6737827 -1.2237155 9.16E-16 1.82E-14
GABRQ 0.7482189 4.43069891 2.56600198 0.02636019 0.03829374
TCEAL5 2.06116009 0.82771375 -1.3162527 5.30E-19 2.11E-17
IGLV4-3 4.7583455 1.98344942 -1.2624484 8.67E-05 0.00020682
PRR33 1.87412385 0.9019313 -1.0551268 1.41E-20 8.36E-19
H1-5 1.20817789 2.73803009 1.18030541 0.03128307 0.04482794
PTX3 13.3957469 5.88094772 -1.1876544 1.30E-11 1.14E-10
SCARA5 4.30379495 1.72942347 -1.3153182 4.56E-13 5.38E-12
C4BPA 6.13368954 1.87491278 —-1.7099317 5.63E-07 2.06E-06
IFITM5 3.34370174 0.56383203 -2.5681088 5.92E-07 2.16E-06
CYP4F8 13.8595791 4.92136038 -1.4937544 0.0001429 0.00032753
BCHE 13.6081027 5.4594629 -1.317635 0.00718506 0.01178631
RASGRP2 4.20472239 1.90381029 -1.1431208 9.86E-23 9.56E-21
PAX5 1.75424963 0.71695103 -1.2909076 1.55E-06 5.17E-06
MYOC 7.77663275 0.38450115 -4.3380858 8.54E-07 3.01E-06
TRABD2B 3.49139165 1.71731597 -1.0236467 2.44E-15 4.43E-14
AP003555.2 1.79658817 0.82278282 -1.1266762 1.06E-09 6.43E-09
RPL3L 1.68527908 0.41985498 —-2.0050245 2.49E-06 8.01E-06
ACKR1 57.2289966 25.6896953 -1.1555565 1.92E-17 5.43E-16
KRT1 46.8312169 2.95163597 -3.9878838 0.00022663 0.00049945
CGA 31.1761628 63.7687487 1.0324062 3.29E-05 8.51E-05
AC136428.1 3.27927798 1.59719183 -1.0378406 1.69E-05 4.62E-05
BANK1 3.08176193 1.44988837 -1.0878136 3.30E-07 1.26E-06
MAB21L4 11.906915 33.2245433 1.48044971 0.00032437 0.00069468
COL17A1 32.2738875 11.2593328 -1.519246 3.03E-12 3.00E-11
LINC00926 3.71744661 1.45750659 -1.3508096 1.78E-36 1.49E-32
LEP 7.6824056 3.67852113 -1.0624323 3.72E-09 2.03E-08
TNNT3 5.15711697 1.13854657 -2.1793715 2.89E-24 4.18E-22
ACTA2-AS1 3.09716908 1.48993585 -1.0556999 2.12E-16 4.80E-15
NGFR 17.4116667 8.67613631 —-1.0049297 3.70E-19 1.53E-17
FCRL1 1.63130569 0.42005182 -1.9573879 9.91E-10 6.06E-09
H2AC14 0.63578321 1.36726916 1.10469045 0.00145732 0.00274616
IGHD 29.9217488 11.2940588 -1.4056305 1.62E-12 1.71E-11
NTS 128.034628 20.7550589 —-2.6249991 0.01333251 0.02061521
RN7SL3 9.00687147 94.5643751 3.39219881 1.01E-06 3.49E-06
PENK 2.39869725 0.51625993 -2.2160816 0.0229697 0.03378382
LINC01836 4.15993037 1.98632174 -1.0664601 2.48E-22 2.15E-20
TUNAR 1.86923505 0.75180838 -1.3140111 3.79E-07 1.43E-06
MIR4539 6.6517978 2.32969876 -1.5136009 8.70E-06 2.51E-05
CEACAM®6 165.240965 345.481805 1.06403835 2.16E-05 5.78E-05
TMEM132C 2.3094422 1.06422641 -1.1177393 1.42E-16 3.34E-15
TNFRSF13C 3.76002633 1.71917313 -1.1290279 9.55E-10 5.85E-09
MIR23B 1.50724982 0.69258628 -1.1218528 1.58E-09 9.26E-09
OXTR 16.6774828 7.06336788 -1.2394734 1.86E-05 5.06E-05
IGSF1 13.7234099 6.63901582 -1.0475977 1.15E-07 4.80E-07
MIR145 10.1433614 3.33016931 -1.6068684 4.94E-18 1.62E-16
NPTX1 5.33990495 1.31065777 -2.026523 0.00010083 0.00023804
ITGB2-AS1 3.54861092 1.71874724 —1.045897 4.41E-21 2.90E-19
CEACAM7 0.90612661 2.06091108 1.18549772 3.73E-06 1.16E-05
RNVU1-29 4.9226478 1.54604803 -1.6708494 8.80E-07 3.09E-06
ARHGAP40 22.711673 10.1017365 -1.1688307 1.14E-08 5.75E-08
FABP4 203.098928 96.3318119 -1.0760984 4.13E-11 3.27E-10
TACR1 3.04377743 1.51947917 -1.002286 5.77E-16 1.19E-14
CARMN 2.80149266 1.28673613 -1.1224795 7.68E-20 3.78E-18
WIF1 18.3111505 8.36620197 -1.1300777 1.80E-07 7.21E-07
COL9A1 2.76546651 1.13634484 -1.2831222 1.13E-09 6.82E-09
CHRDL2 8.11705569 3.15070455 -1.365282 1.05E-06 3.62E-06
KLHL41 1.61390963 0.77532975 -1.0576779 3.44E-06 1.08E-05
ADAMS33 4.22618477 2.08806603 -1.0171885 1.37E-16 3.25E-15
ERBB2 185.184208 406.053617 1.13270916 0.00751717 0.0122687
SPINK8 16.4476237 40.7617946 1.30933841 5.12E-05 0.00012767
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