
ONCOLOGY LETTERS  29:  302,  2025

Abstract. Ovarian cancer (OV) constitutes a significant hazard 
to the health of women and has low survival and high recurrence 
rates. Cuproptosis is a newly reported form of copper‑depen‑
dent regulatory cell death. The present study identified 
cuproptosis‑related long non‑coding (lnc)RNAs in OV, high‑
lighting their potential application as prognostic biomarkers 
and therapeutic targets. The RNA‑sequencing data and clinical 
records of patients with OV were sourced from The Cancer 
Genome Atlas. Cuproptosis‑related lncRNAs were filtered for 
their prognostic value using univariate and multivariate Cox 
regression, and least absolute shrinkage selection operator 
regression. Then, a risk model was formulated using these 
cuproptosis‑related lncRNAs based on correlation coefficients. 
The risk model was calculated using the following formula: 
Risk  = (0.687927022  x  RP11‑552D4.1)  ‑ (0.659783022  x 
AP001372.2) ‑ (0.652465319 x RP11‑505K9.1) ‑ (1.627006889 x 
LINC00996). The predictive potential and clinical values 
of this risk model were identified through survival status, 
Kaplan‑Meier survival curves, immune function, receiver 
operating characteristic curves, calibration curves, C‑index 
and principal component analysis. Subsequently, the effects 
of LINC00996 (the lncRNA with the highest correlation 
coefficient in the risk model) on proliferation, metastasis and 
sensitivity to cuproptosis were assessed in OV cells. Finally, 
intracellular location of LINC00996 and the relative regula‑
tory mechanism were predicted. In conclusion, the present 
study constructed a prognostic risk model based on lncRNAs 
associated with cuproptosis in OV, which can stratify risk and 
predict prognosis, and explored the regulatory mechanism of 
LINC00996 in cuproptosis.

Introduction

Among gynecological malignancies, ovarian cancer (OV) 
exhibits the highest mortality rate and constitutes a significant 
hazard to the health of female patients (1). Specifically, there 
were 21,750 new OV cases and 13,940 deaths from OV in the 
United States in 2020 (2), and there were 57,090 new cases 
of OV and 39,306 deaths from OV in China in 2022 (3). Due 
to its deep pelvic location, lack of typical symptoms and lack 
of early screening tools, approximately two‑thirds of patients 
have progressed to the advanced stage of disease at diagnosis, 
increasing the difficulty of treatment  (4,5). Patients with 
stage I/II OV have a 10‑year survival rate of 29‑75%, whereas 
the 10‑year survival rate drops to 6.9‑22% for those with 
stage III‑IV OV (6). Furthermore, >70% of patients with OV 
relapse within 2‑3 years (7,8).

At present, the treatment of OV is multidisciplinary and 
comprehensive, which includes surgery, chemotherapy, 
targeted therapy and other therapeutic methods (5,9). However, 
the clinical effectiveness of these treatments is often compro‑
mised by drug resistance, cancer recurrence and immune 
escape (4,9). Consequently, there is an urgent need to identify 
novel molecular targets to improve the assessment of the 
progression of OV and enhance the available therapies.

Long non‑coding (lnc)RNA refers to a category of RNA 
molecules whose transcript length is >200 nt (10). Due to the 
lack of conservative open reading frames, most lncRNAs are 
incapable of direct translation into proteins (11‑13). However, 
lncRNA can recruit chromatin‑remodeling complexes to 
regulate chromosome structure and modification (for instance, 
DNA methylation and histone modification), thus affecting 
gene expression levels  (14,15). Chen and An (16) reported 
that the expression of lncRNA activated by TGF‑β (ATB) is 
elevated in OV tissues compared with adjacent normal tissues, 
and it is linked to unfavorable outcomes. Furthermore, ATB 
facilitated the proliferation, invasion and migration of OV 
cells by mediating histone H3 lysine 27 trimethylation through 
binding to enhancer of zeste homolog 2 (16). lncRNAs also 
possess the capacity to regulate the transcription of target 
genes through interacting with transcriptional regulatory 
molecules (17‑19). Moreover, lncRNA can bind RNA binding 
protein (RBP) to participate in alternative splicing, mRNA 
metabolism and transport  (17,18,20). Gordon  et  al  (21) 
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reported that high metastasis associated lung adenocarci‑
noma transcript 1 (MALAT1) expression is associated with 
increased stage, recurrence and decreased survival in OV, and 
that MALAT1 promotes OV progression by promoting the 
expression of RNA binding fox‑1 homolog 2 and inhibiting 
preferential splicing of the pro‑apoptotic isoform of kinesin 
family member 1b. Furthermore, lncRNA can function as a 
micro (mi)RNA sponge that reduces the activity of miRNA, 
thus enhancing the expression level of target genes  (22). 
Zhou et al (23) reported that the expression levels of lncRNA 
isocitrate dehydrogenase 1 antisense RNA 1 (IDH1‑AS1) are 
lower in epithelial OV cells than in normal ovarian epithelial 
cells, and IDH1‑AS1 expression indicates a favorable prognosis. 
Additionally, IDH1‑AS1 serves as a sponge for miR‑518c‑5p to 
suppress the proliferation of epithelial OV cells by targeting 
RNA binding motif protein 47 (23). In conclusion, lncRNAs 
serve a vital role in the progression of malignant tumors.

Regulated cell death (RCD) is a mode of cell death 
based on precise signaling networks and molecular mecha‑
nisms, and includes apoptosis, pyroptosis, necroptosis and 
ferroptosis  (24,25). Recently, Tsvetkov et al  (26) reported 
a new copper‑dependent RCD, termed cuproptosis. Excess 
intracellular copper can interact with lipid‑acylated proteins, 
which triggers irregular clustering of lipid‑acylated proteins 
and depletion of iron‑sulfur (Fe‑S) clusters, ultimately 
culminating in cuproptosis (26). In addition, elesclomol (a 
potent copper ionophore) combined with copper can induce 
cuproptosis, whilst tetrathiopolybdate (a copper chelator) can 
inhibit cuproptosis, and cells with higher acylated protein 
level are more sensitive to cuproptosis  (26). Ferrodoxin 1 
functions as a vital positive regulator in cuproptosis, and other 
genes have also been identified as being closely related to 
cuproptosis (26‑29). For instance, NLR family pyrin domain 
containing  3 (NLRP3) can be activated by intracellular 
copper, which can lead to cell death, whilst tetrathiopolyb‑
date can inhibit NLRP3 activation (27). Furthermore, certain 
studies have reported that certain lncRNAs can regulate 
cuproptosis‑related genes and are thereby considered 
novel potential targets in cuproptosis (30‑33). For instance, 
LINC00996 has been identified as the key cuproptosis‑related 
lncRNA in lung and bladder cancer  (32,33). An in‑depth 
study of cuproptosis could provide the ideal risk model and 
an accurate biomarker for malignant tumors; however, the 
function and underlying regulatory pathways of cuproptosis 
in OV are still poorly studied.

Therefore, the present study aimed to construct a prognostic 
risk model based on lncRNAs associated with cuproptosis in 
OV and to explore the regulatory mechanism of LINC00996 
in cuproptosis in OV.

Materials and methods

Data collection and processing. The present study accessed 
the RNA sequencing (RNA‑seq) data and clinical records of 
patients with OV from The Cancer Genome Atlas (TCGA)‑OV 
dataset (https://portal.gdc.cancer.gov). The RNA‑seq data was 
in fragments per Kilobase per Million format. The clinical 
records obtained included the age, stage, grade, survival status 
and survival time of the patients. A total of 378 patients with 
OV with complete data were randomly allocated to two groups, 

a training set (n=189) and a validation set (n=189), based on 
‘createDataPartition’ package (rdocumentation.org/packages/
caret/versions/6.0‑94/topics/createDataPartition) in R program‑
ming (version 4.1.1). ‘createDataPartition’ uses the following 
basic syntax: createDataPartition (y, p=0.5, list=FALSE, …), 
with y representing the vector of outcomes and prepresenting 
percentage of data to use in the training set. The remaining data 
formed the validation set.

Identification of cuproptosis‑related lncRNAs. Using the 
keywords ‘cuproptosis,’ ‘copper’ and ‘regulated cell death’ 
to search the PubMed (https://pubmed.ncbi.nlm.nih.gov/) and 
Web of Science (webofscience.com/) databases, articles related 
to cuproptosis were screened. Subsequently, by carefully 
reading the relevant articles, the cuproptosis‑related genes and 
their functions were summarized. In addition, relevant reviews 
were consulted to identify other cuproptosis‑related genes 
and their functions. Finally, 15  cuproptosis‑related genes 
were obtained from previous studies  (26‑29). ENSEMBL 
(Release 111) (ensembl.org) was used to extract lncRNAs from 
the RNA‑seq data. Subsequently, using the ‘limma’ packages 
(version 3.48.3) in R programming (version 4.1.1) and the 
Wilcoxon rank sum test, the Pearson correlation coefficients 
between lncRNA and cuproptosis‑related genes were calcu‑
lated. .The cut‑off criteria included correlation coefficient (r) 
of >0.4 or <‑0.4) and P<0.001. Additional notes that correla‑
tion coefficient |r| <0.4 indicated a weak correlation, 0.4 ~ 0.7 
indicated a moderate correlation, and >0.7 indicated a strong 
correlation. Finally, a Sankey diagram was drawn based on the 
‘dplyr (version 1.0.7)’, ‘ggplot2 (version 3.4.0)’ and ‘ggalluvial 
(version 0.12.3)’ packages in R programming (version 4.1.1).

Construction of the risk model. There was no discernible 
difference in the clinical characteristics between the training 
and the validation sets. Univariate Cox regression was 
performed to identify cuproptosis‑related lncRNAs associated 
with overall survival (OS) in the training set. Among these 
lncRNAs, the risk model was constructed using least absolute 
shrinkage selection operator (LASSO) regression analysis and 
multivariate Cox regression. The risk score was calculated as 
follows: Risk score = ∑n

k=1 coef(lncRNAk) x expr(lncRNAk), 
where coef(lncRNA) represents the link between the lncRNA 
and the survival of the patient with OV, and expr(lncRNA) 
represents the expression level of the lncRNA. The analysis 
was performed using R programming (version 4.1.1).

Identification of the prognostic signature. Patients with a 
risk score >1 were considered high‑risk, while those with 
a risk score ≤1 were considered low‑risk, and the survival 
status and immune function in the low‑ and high‑risk groups 
were analyzed. Univariate and multivariate Cox regression 
analysis were performed to identify independent predic‑
tors. Kaplan‑Meier survival curves were then produced to 
compare the difference in the survival rate between the low‑ 
and high‑risk groups using the ‘survival (version 3.4.0)’ and 
‘survminer (version 0.4.9)’ packages. Furthermore, receiver 
operating characteristic (ROC) curves, calibration curves, 
C‑index and principal component analysis (PCA) were 
performed. The analysis was carried out by R programming 
(version 4.1.1).
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Cell culture. OVCAR3 cells were acquired from the American 
Type Culture Collection and cultured in Roswell Park 
Memorial Institute‑1640 medium with 10% fetal bovine serum 
(FBS; both Gibco, Thermo Fisher Scientific Corporation). 
The cells were incubated in an environment that mimicked 
physiological conditions, with an atmosphere containing 5% 
CO2 to maintain an optimal pH level and ensure proper gas 
exchange, while being maintained at a constant temperature 
of 37˚C.

Transfection of small interference (si)RNA. The LINC00996 
siRNA (siLINC00996) and control siRNA (siControl) were 
purchased from Shanghai GenePharma Co., Ltd. When the 
cell density reached 60‑75%, the transfection solution was 
configured as follows: Solution A, 250 µl OPTI‑MEM (Gibco, 
Thermo Fisher Scientific, Inc.) with 5 µl Lipo3000 (Invitrogen; 
Thermo Fisher Scientific Corporation); and solution B, 250 µl 
OPTI‑MEM with 50 nM siRNA (Genepharma Corporation), 
which were both incubated at room temperature for 5 min. 
Subsequently, solutions A and B were mixed and incubated at 
room temperature for 20 min. Then, the medium was removed 
from a 6‑well plate containing OVCAR3 cells, and 1500 µl 
serum‑free medium and 500 µl mixed solution was added at 
room temperature. Finally, After incubation for 12 h, it was 
replaced with fresh medium and further cultured in an incu‑
bator with 5% CO2 at 37˚C for 48 h. The sequences of the 
siRNAs used were as follows: siLINC00996‑1, 5'‑GCU​GUG​
UGA​AAG​GGU​UUA​ATT‑3' and 5'‑UUA​AAC​CCU​UUC​ACA​
CAG​CTT‑3'; siLINC00996‑2, 5'‑CCG​GCC​UUA​UUG​UUU​
CUA​UTT‑3' and 5'‑AUAGAAACAAUAAGGCCGGTT‑3'; 
and siControl, 5'‑UUC​UCC​GAA​CGU​GUC​ACG​UTT‑3' and 
5'‑ACG​UGA​CAC​GUU​CGG​AGA​ATT‑3'.

Extraction of RNA and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR) analysis. Extraction 
of total RNA from OVCAR3 cells was performed using the 
RNA Extraction Kit (Vazyme Biotech Co., Ltd.) according 
to the manufacturer's protocol. RT was performed to convert 
RNA into cDNA with HiScript® II Q RT SuperMix (Vazyme 
Biotech Co., Ltd.) according to the manufacturer's protocol. 
RNA expression was measured by ChamQ Universal SYBR 
qPCR Master Mix (Vazyme Biotech Co., Ltd.) with ABI 
ViiA™ 7 real‑time fluorescence quantitative PCR instrument 
equipped with ViiATM7 system. Thermocycling conditions 
are as follows: Pre‑denaturation at 95˚C for 3 min, then 95˚C 
for 10 sec, 60˚C for 30 sec and 95˚C for 15 sec as 1 cycle for 
40 cycles. The relative gene expression was calculated by 
2−∆∆Cq method with GAPDH as the control (34). The primers 
(Tsingke Corporation) used were as follows: LINC00996 
forward, 5'‑CTC​TGC​CAC​ATC​GTT​CGG​TTC‑3' and reverse 
5'‑CTT​CTT​ACG​CTG​CCA​ACT​GCT​AA‑3'; and GAPDH 
forward, 5'‑GGA​GCG​AGA​TCC​CTC​CAA​AAT‑3' and reverse, 
5'‑GGC​TGT​TGT​CAT​ACT​TCT​CATGG‑3'.

Cell proliferation and migration assay. A Cell Counting Kit‑8 
(CCK‑8) assay was performed to measure proliferative ability. 
OVCAR3 cells were cultured in a 96‑well plate. After adding 
CCK‑8 solution (Beyotime Institute of Biotechnology) for 1 h, 
the absorbance was measured at 490 nm based on microplate 
reader.

A Transwell assay was the performed to evaluate migration 
ability. A cell suspension including 2x10^5 cells without FBS 
was added to the upper chamber and medium with 20% FBS 
was added to the lower chamber of the Transwell plate. The cells 
were incubated at 37℃ for 24 h. When the cells passed through 
the membrane, 4% paraformaldehyde and crystal violet were 
added to the upper chamber for 15 min at room temperature. 
The results were observed under an inverted optical microscope 
(Shanghai Optical Instrument Factory) and counted using 
ImageJ 1.8.0 software (National Institutes of Health).

Sensitivity to cuproptosis. Elesclomol can facilitate the trans‑
port of Cu2+ into cells. After entering the cells, Cu2+ directly 
binds to lipoylated enzymes and prompts the aggregation of 
lipoylated proteins and the dissipation of Fe‑S cluster proteins, 
leading to proteotoxic stress and ultimately cuproptosis (26). 
Therefore, cuproptosis was induced by adding elesclomol‑CuCl2 

(Medchemexpress Corporation; 1x10‑9 M to 10‑4 M into the 
medium of OVCAR3 cells in a 5% CO2 incubator at 37℃ for 4 h . 
CCK‑8 solution (Beyotime Institute of Biotechnology) was added 
for 1 h to measure the number of living cells and thus assess the 
sensitivity of cells to cuproptosis, in which the absorbance was 
measured at 490 nm based on microplate reader.

Prediction of RBPs and target mRNA. The RBPs that can interact 
with LINC00996 were predicted using the ENCORI database 
(https://rnasysu.com/encori/). The filtering condition was CLIP 
Data ≥1 (results were supported by at least one cross‑linking 
immunoprecipitation. Based on ENCORI, the target mRNAs 
of the aforementioned RBPs were predicted. Because of the 
large number of predicted target mRNAs, we set more stringent 
filtering criteria as follows: CLIP Data was ≥4 and the number 
of pan‑cancer was ≥10, which meant the results were supported 
by ≥4 cross‑linking immunoprecipitation and were validated 
in at least 10 cancer types. In addition, expression of target 
lncRNA in ovarian cancer patients was analyzed using the 
Gene Expression Profiling Interactive Analysis (GEPIA; gepia.
cancer‑pku.cn/), and locations of target lncRNA are predicted 
by lncLocator (csbio.sjtu.edu.cn/bioinf/lncLocator/).

Prediction of miRNA and target mRNA. The miRNAs that 
can interact with LINC00996 were identified using DIANA 
Tools (http://diana.imis.athena‑innovation.gr/DianaTools/
index.php). Furthermore, ENCORI was used to predict the 
target genes of the aforementioned miRNAs.

Statistical analysis. Statistical analyses were performed using R 
programming (version 4.1.1) (https://www.r‑project.org/about.
html) and GraphPad Prism  9 (version  9.0.0; Dotmatics). 
Statistical differences for three‑group comparisons were 
determined using one‑way ANOVA with Tukey's post hoc test. 
The CCK‑8 assay data were analyzed two‑way ANOVA with 
Tukey's post hoc test. All P‑values were two‑sided and P<0.05 
was considered to indicate a statistically significant difference.

Results

Identif ication of cuproptosis‑related lncRNAs with 
prognostic significance. The study flowchart is shown in 
Fig.  1. Based on previous articles and reviews related to 

https://www.spandidos-publications.com/10.3892/ol.2025.15048
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cuproptosis, 15 cuproptosis‑related genes were identified 
(Table  SI)  (26‑29). Subsequently, 14,831 lncRNAs were 
obtained from TCGA‑OV cohort through the ENSEMBL 

database. Pearson correlation analysis was performed to 
assess the correlation between cuproptosis‑related genes and 
lncRNAs based on the ‘limma (version 3.48.3)’ packages 

Figure 1. The research flowchart to construct the cuproptosis‑related prognostic risk model in ovarian cancer. RNA‑seq, RNA‑sequencing; TCGA, The Cancer 
Genome Atlas; lncRNA, long non‑coding RNA; LASSO, least absolute shrinkage selection operator; ROC, receiver operating characteristic; PCA, principal 
component analysis; CCK8, Cell Counting Kit 8; RBP, RNA binding protein; miRNA, microRNA.
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and the Wilcoxon rank sum test. The criteria for cupro‑
ptosis‑related lncRNAs were r>0.4 (or <‑0.4) and P<0.001. 
Finally, 140 lncRNAs were identified as cuproptosis‑related 
lncRNAs (Fig. 2A). The RNA‑seq data and clinical records 
of 378 patients with OV were collected from TCGA‑OV 
dataset. These patients with OV were randomly divided 
into a training set (n=189) and a validation set (n=189), 
both of which had similar clinical characteristics (Fig. 2B). 
Univariate Cox regression analysis was performed to 
identify the cuproptosis‑related lncRNAs with prognostic 

significance in the training set. Among these lncRNAs, a risk 
model was constructed using LASSO regression and multi‑
variate Cox regression. The risk model was calculated as the 
following formula: Risk = (0.687927022 x RP11‑552D4.1) ‑ 
(0.659783022 x A P 0 01372.2)  ‑  (0.652465319 x 
RP11‑505K9.1) ‑ (1.627006889 x LINC00996). Among the 
lncRNAs identified, RP11‑552D4.1 was found to be a risk 
factor, while AP001372.2, RP11‑505K9.1 and LINC00996 
were protective factors. The correlation between these 
4  lncRNAs and the identified cuproptosis‑related genes 

Figure 2. Identification of cuproptosis‑related lncRNAs with prognostic significance in OV based on TCGA‑OV cohort. (A) Sankey diagram was plotted 
according to the correlation between cuproptosis‑related genes and lncRNAs. (B) Clinical characteristics of the training and validation sets based on TCGA‑OV 
cohort. (C) Heat map of the correlations between 4 lncRNAs and genes associated with cuproptosis in the prognostic risk model. TCGA, The Cancer Genome 
Atlas; OV, ovarian cancer; lncRNA, long non‑coding RNA.

https://www.spandidos-publications.com/10.3892/ol.2025.15048
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is shown in Fig. 2C. LINC00996 with the highest correla‑
tion coefficient in the risk model is significantly positively 
correlated with NLRP3 (P<0.001).

Predictive ability of the risk model. The expression of 
4 lncRNAs (RP11.552D4.1, AP001372.2, RP11.505K9.1 and 
LINC00996) in the training set, validation set and whole group 
are shown using heat maps in Fig. 3A‑C. Patients with a risk 
score of >1 were considered high‑risk, while those with a risk 
score of ≤1 were considered low‑risk. (Fig. 3D‑F). Compared 
with the low‑risk group, more deaths were observed in the 
high‑risk group (Fig. 3G‑I) in the training and validation set 
and whole group. Kaplan‑Meier survival curves demonstrated 
that the prognosis of patients with OV in the low‑risk group 
was superior compared with the high‑risk group (training 
set, P<0.001; validation set, P=0.007; whole group, P<0.001; 
Fig.  3J‑L). These results suggested that the risk model is 
reliable in predicting the prognosis of patients with OV.

Immune function analysis of the risk model. There is an 
association between cuproptosis and immune function (35). 

Excessive intracellular copper can lead to cuproptosis, which 
subsequently triggers immunogenic cell death and activates 
antitumor immune responses, thereby reprogramming 
the immunosuppressive tumor microenvironment  (35,36). 
Moreover, cuproptosis‑inducing drugs can markedly inhibit 
tumor growth and hold promising prospects for broad clinical 
application (35,36). Recent research has developed nanomedi‑
cines that can induce cuproptosis, which can notably inhibit 
tumor growth and promote immune responses, and in combi‑
nation with programmed cell death 1 immunotherapy, they can 
markedly enhance antitumor efficacy (37). Thus, a thorough 
investigation into the association between cuproptosis and 
immune function holds promise for refining immunotherapy 
and enhancing antitumor efficacy in OV.

Based on immune function analysis, the generated heat 
map demonstrated that the high‑ and low‑risk groups differed 
significantly in their immune functions (Fig. 4). The high‑risk 
group had poorer immune functions in major histocompat‑
ibility complex (MHC)‑class‑I, type  Ⅰ interferon (IFN) 
response, chemokine receptor (CCR), antigen‑presenting cell 
(APC) co‑inhibition, parainflammation, human leukocyte 

Figure 3. Predictive ability of the prognostic risk models. The expression levels of RP11‑552D4.1, AP001372.2, RP11‑505K9.1 and LINC00996 in the 
(A) training set, (B) validation set and (C) whole group. Patients in the (D) training set, (E) validation set and (F) whole group were divided into low‑risk and 
high‑risk groups. Survival status of the low‑risk and high‑risk groups in the (G) training set, (H) validation set and (I) whole group showed that compared with 
the low‑risk group, more deaths were observed in the high‑risk group. Kaplan‑Meier survival curves of the low‑risk and high‑risk groups in the (J) training 
set, (K) validation set and (L) whole group showed that the prognosis for patients with ovarian cancer in the low‑risk group was more superior. All the original 
data came from TCGA‑OV cohort.
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antigen (HLA), cytolytic activity, inflammation‑promoting, 
T cell co‑stimulation, check‑point and T cell co‑inhibition. 
Therefore, the changes in immune function in the high‑risk 
group may result in the progression of patients with OV.

Clinical significance of the risk model. Using univariate and 
multivariate Cox regression, the risk model was identified as 
an independent prognostic risk factor in OV (Fig. 5A and B). 
Additionally, the area under curve (AUC) of the ROC was 
calculated, which measured the prediction accuracy of the 
risk model. The closer the AUC value was to 1, the better the 
differentiation of the risk model and the higher the prediction 
accuracy of the risk model. As shown in Fig. 5C, the AUC of 
the risk model was 0.686, which demonstrated good differ‑
entiation and prediction accuracy. Moreover, the prognostic 
predictions of the risk model displayed good predictive perfor‑
mance for OS in patients with OV (1‑year, AUC=0.686; 3‑year, 
AUC=0.655; and 5‑year, AUC=0.644; Fig. 5D). The calibration 
curve for 1‑, 3‑ and 5‑year OS also showed reliable predictive 
ability of the risk model (Fig. 5E) and the C‑index of the risk 
model outranked that of other factors (Fig. 5F). Furthermore, 
PCA was performed based on all genes (Fig.  6A), the 
cuproptosis‑related gene set (Fig. 6B), the cuproptosis‑related 
lncRNA set (Fig. 6C) and the risk model (Fig. 6D). There 
were markedly different distribution of the high‑ and low‑risk 
groups in the PCA based on the risk model, suggesting that 
the risk model may serve as a promising biomarker for risk 
stratification. In summary, the risk model could accurately 
predict prognosis and has notable clinical value.

Effect of LINC00996 in patients with OV. In the risk model, 
the correlation coefficient of LINC00996 was the highest 
compared with the other lncRNAs, indicating that it may 
serve a crucial role in cuproptosis in OV. Certain studies have 
reported the function of LINC00996 in several malignant 
tumors, such as colorectal cancer and lung adenocarcinoma, yet 
its potential role and importance in OV remain incompletely 
understood (38,39). Furthermore, data from GEPIA suggested 

that the LINC00996 expression level is lower in patients with 
OV with a higher International Federation of Gynecology and 
Obstetrics (FIGO) stage compared with those with a lower 
FIGO stage (40) (Fig. 7A). Kaplan‑Meier survival curves also 
demonstrated that the lower the expression of LINC00996, the 
lower the survival rate of patients with OV (Fig. 7B). These 
results suggest that LINC00996 may serve an inhibitory role 
in OV.

Effect of LINC00996 on the biological behavior of OV cells. 
After transfecting siLINC00996‑1 and siLINC00.996‑2 into 
OVCAR3 cells to knockdown LINC00996 expression, the role 
of LINC00996 in OV cells was further explored (Fig. 8A). 
The results of the CCK‑8 assay revealed that knockdown of 
LINC00996 improved the proliferative ability of OV cells 
(Fig. 8B). Moreover, the results of the Transwell assay demon‑
strated that the knockdown of LINC00996 enhanced the 
migration ability of OV cells (Fig. 8C and D). Elesclomol facil‑
itates the intracellular translocation of Cu2+, thereby inducing 
mitochondrial dysfunction and triggering cuproptosis (26). 
After culturing the cells with different concentrations of 
elesclomol‑Cu2+ solution (ranging from 10‑9 to 10‑4 mol/l), a 
CCK‑8 assay was performed to assess the sensitivity of the 
cells to cuproptosis. The results suggested that the knockdown 
of LINC00996 reduced the sensitivity of OV cells to cupro‑
ptosis (Fig. 8E).

Regulatory mechanism of LINC00996 binding to ELAV‑like 
RNA binding protein 1 (ELAVL1) in cuproptosis. Based on the 
results from lncLocator, LINC00996 was determined to be 
primarily located in the cytoplasm (Fig. 9A). This subcellular 
localization suggested that LINC00996 may bind to RBPs 
or act as an miRNA sponge. According to the correlation 
between LINC00996 and genes associated with cuproptosis, 
LINC00996 was significantly positively correlated with 
NLRP3 (P<0.001) (Fig. 2C). Moreover, to predict the RBPs 
that can bind to LINC00996 as well as the target mRNAs, 
stringent filtering conditions were set in ENCORI. RBPs 

Figure 4. Immune function analysis of the risk model. The results showed that the high‑risk group had poorer immune functions in MHC‑class‑I, type Ⅰ 
IFN response, CCR, APC co‑inhibition, parainflammation, HLA, cytolytic activity, inflammation‑promoting, T cell co‑stimulation, check‑point and T cell 
co‑inhibition. **P<0.01 and ***P<0.001. MHC, major histocompatibility complex; IFN, interferon; CCR, chemokine receptor; APC, antigen‑presenting cell; 
HLA, human leukocyte antigen. All the original data came from TCGA‑OV cohort.

https://www.spandidos-publications.com/10.3892/ol.2025.15048
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interacting with LINC00996 were predicted using ENCORI, 
filtered by CLIP Data ≥1. The results showed that ELAVL1 and 
muscleblind‑like splicing regulator 1 may bind to LINC00996. 
Subsequently, the target mRNAs of the aforementioned two 
RBPs were predicted, filtered by CLIP Data ≥4 and pan‑cancer 
count ≥10. The results suggested that ELAVL1 could interact 
with NLRP3 mRNA (Fig. 9B).

Regulatory mechanism of LINC00996 as an miRNA sponge 
in cuproptosis. Previous studies have suggested that miRNA 
recognize and bind to target mRNA, typically promoting 
mRNA degradation or inhibiting its translation. Additionally, 
lncRNAs can bind to specific miRNAs and modulate the 

expression levels of the target mRNAs, thereby forming a regu‑
latory network consisting of lncRNA‑miRNA‑mRNA (22). In 
the present study, the miRNAs that interact with LINC00996 
were predicted utilizing the DIANA tools. The findings revealed 
that hsa‑miR‑20a‑5p, hsa‑miR‑106a‑5p, hsa‑miR‑106b‑5p, 
hsa‑miR‑17‑5p, hsa‑miR‑34a‑5p and hsa‑miR‑93‑5p could 
interact with LINC00996. Based on ENCORI, the target 
mRNAs of these 6 miRNAs were then predicted (Fig. 10A). 
Consequently, a comprehensive lncRNA‑miRNA‑mRNA 
regulatory network pertinent to cuproptosis was constructed 
(Fig. 10B). Notably, among the aforementioned 6 miRNAs, 
hsa‑miR‑106a‑5p, hsa‑miR‑106b‑5p, hsa‑miR‑17‑5p and 
hsa‑miR‑93‑5p may act on NLRP3 mRNA. This comprehensive 

Figure 5. Clinical value of the risk model. (A) Univariate analysis and (B) multivariate analysis demonstrated that the risk model was an independent prognostic 
risk factor for patients with OV. (C) Receiver operating characteristic curve of the risk model displayed good differentiation and prediction accuracy. (D) AUC 
values of risk model displayed notable precision and accuracy in patients with OV. (E) The calibration curve for 1‑, 3‑ and 5‑year OS showed reliable predictive 
ability of the risk model. (F) Concordance index of the risk model outranked that of other factors. OV, ovarian cancer; AUC, area under the curve; OS, overall 
survival. All the original data came from TCGA‑OV cohort, and the analysis was carried out by R.
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lncRNA‑miRNA‑mRNA regulatory network will be further 
verified in subsequent studies.

Discussion

In the present study, after analyzing the TCGA‑OV cohort, 
a prognostic risk model based on cuproptosis‑associated 
lncRNAs was constructed. Survival analysis, ROC curves, 
calibration curves, C‑index and PCA demonstrated the reli‑
ability of the constructed risk model. The potential mechanism 
of LINC00996 in the aforementioned risk model was then 
predicted using ENCORI and DIANA tools. The prognostic 
risk model can divide patients with OV into high‑ and 
low‑risk groups. Furthermore, the immune function analysis 
demonstrated that MHC‑class‑I, type Ⅰ IFN response, CCR, 
APC co‑inhibition, parainflammation, HLA, cytolytic 
activity, inflammation‑promoting, T  cell co‑stimulation, 
check‑point and T cell co‑inhibition were improved in the 
low‑risk group (41‑45). MHC‑class‑I can present intracellular 
peptides, which are recognized by CD8+ T cells, thus inducing 

an antitumor immune response (41‑43). The findings of the 
present study suggested that the low‑risk group had a more 
optimal immune function in MHC‑class‑I, indicating that the 
improved prognosis in the low‑risk group may be associated 
with the antitumor immune response induced by MHC‑class‑I. 
However, the effect of different immune functions between 
groups on the prognosis of patients with OV needs further 
analysis and experimental verification.

Excess intracellular copper can interact with lipid acyl‑
ated proteins, and this process triggers irregular clustering 
of lipid‑acylated proteins and depletion of Fe‑S clusters, ulti‑
mately culminating in cuproptosis (26,46). However, the role 
of cuproptosis in tumor progression and its regulatory mecha‑
nism are poorly understood. The present study constructed a 
prognostic risk model of lncRNAs associated with cuproptosis 
and demonstrated that patients with OV in low‑risk group had 
an improved prognosis. We hypothesized that patients with 
OV in the low‑risk group would be more sensitive to cupro‑
ptosis than those in the high‑risk group. Cuproptosis provides 
new perspectives on the treatment approach of OV, and the 

Figure 6. PCA of the risk model. The PCA based on (A) all genes, (B) the cuproptosis‑related gene set, (C) the cuproptosis‑related long non‑coding RNA set and 
(D) the risk model. The results showed different distribution of the high‑risk and low‑risk groups in PCA based on the risk model. PCA, principal component 
analysis. All the original data came from TCGA‑OV cohort, and the analysis was carried out by R programming (version 4.1.1).

https://www.spandidos-publications.com/10.3892/ol.2025.15048
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induction of cuproptosis may be an emerging treatment option. 
Moreover, O'Day et al (47) reported that combination therapy 
of elesclomol and paclitaxel could markedly increase the 

survival rate of patients with stage IV metastatic melanoma. 
In the present study, after culturing with elesclomol‑Cu2+, the 
sensitivity of OV cells to cuproptosis was positively associated 

Figure 7. LINC00996 may play an antitumor role in OV. (A) The levels of LINC00996 in OV at different International Federation of Gynecology and 
Obstetrics stages according to GEPIA. (B) Kaplan‑Meier survival curve showed that low expression of LINC00996 was associated with a lower the survival 
rate in patients with OV according to GEPIA. OV, ovarian cancer; HR, hazard ratio.

Figure 8. Effect of LINC00996 on the biological behavior of OVCAR3 cells. (A) LINC00996 was knocked down in OVCAR3 cells through transfection 
with siRNA. (B) CCK‑8 assay demonstrated that knocking down LINC00996 can improve the proliferative ability of OVCAR3 cells. (C) Transwell assay of 
OVCAR3‑siControl, ‑siLINC00996‑1 and OVCAR3‑siLINC00996‑2 (scale bar, 50 µm). (D) Transwell assay demonstrated that knocking down LINC00996 
can enhance the migration ability of OVCAR3 Cells. (E) CCK‑8 assay demonstrated that knocking down LINC00996 can reduce the sensitivity of OVCAR3 
Cells to cuproptosis. *P<0.05, **P<0.01 vs. siControl. si, small interfering RNA; CCK‑8, Cell Counting Kit‑8.
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with the level of LINC00996. Therefore, LINC00996 could 
be a new prognostic biomarker for OV, and the induction of 
cuproptosis may be a potent treatment for patients with OV.

The key lncRNA of the prognostic risk model in the 
present study was LINC00996, which was significantly posi‑
tively correlated with the cuproptosis‑related gene, NLRP3. 
According to previous reports, lncRNAs that are located in 
the nucleus can regulate chromatin structure and histone 
modifications and affect gene transcription, while lncRNAs 
that are localized in the cytoplasm can regulate mRNA 
translation and degradation (48,49). LINC00996 is mainly 
localized in the cytoplasm, suggesting that LINC00996 regu‑
lates cuproptosis in OV through binding RBPs or acting as 
an miRNA sponge (Fig. 11). Data from ENCORI suggested 
that the RBP, ELAVL1, can bind to LINC00996. ELAVL1 
can increase mRNA stability and serves a vital role in tumor 

Figure 9. Mechanism of LINC00996 binding to ELAVL1 to regulate cuproptosis. (A) LINC00996 was mainly located in the cytoplasm according to lncLocator. 
(B) Prediction of the RNA binding proteins of LINC00996 and target RNAs according to the ENCORI. The results suggested that ELAVL1 could interact with 
NLRP3 mRNA. ELAVL1, ELAV‑like RNA binding protein 1; NLRP3, NLR family pyrin domain containing 3.

Figure 10. Mechanism of LINC00996 as a miRNA sponge to regulate cuproptosis. The DIANA tools was used to predict the miRNAs that interact with 
LINC00996, and ENCORI was used to predict the target genes of these miRNAs. hsa‑miR‑20a‑5p, hsa‑miR‑106a‑5p, hsa‑miR‑106b‑5p, hsa‑miR‑17‑5p, 
hsa‑miR‑34a‑5p and hsa‑miR‑93‑5p could interact with LINC00996. The target mRNAs of these 6 miRNAs were further predicted. The results were shown 
in (A) Sankey and (B) competing endogenous RNA network diagrams. miR, microRNA; lncRNA, long non‑coding RNA.

Figure 11. Schematic diagram. The reduction of LINC00996 in ovarian 
cancer can regulate NLRP3 mRNA by decreasing the binding of ELAVL1 or 
acting as an miRNA sponge, thereby reducing the sensitivity to cuproptosis. 
ELAVL1, ELAV‑like RNA binding protein 1; NLRP3, NLR family pyrin 
domain containing 3; miRNA; microRNA.
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progression  (50,51). Additionally, NLRP3 was the target 
mRNA of ELAVL1 based on ENCORI. ELAVL1 can bind 
to adenine and uridine‑rich stability elements to improve 
mRNA stability  (52‑55). Liu  et  al  (56) reported that in 
rheumatoid arthritis fibroblast‑like synoviocytes and human 
umbilical vein endothelial cells, the nucleocytoplasmic 
shuttling of ELAVL1 is initiated and ELAVL1 expression 
is notably elevated in the cytoplasm, which increases the 
stability of NLRP3 mRNA and promotes NLRP3 expression, 
after TNF‑α and calreticulin dual stimulation. Furthermore, 
in high glucose‑treated cardiomyocytes and in human diabetic 
hearts, Jeyabal et al (57) also reported that ELAVL1 knock‑
down reduced the expression level of NLRP3. Therefore, we 
hypothesized that LINC00996 can increase the stability of 
NLRP3 mRNA by binding to ELAVL1 in OV cells, thereby 
regulating sensitivity to cuproptosis. The present study found 
that LINC00996, as a sponge, can bind to hsa‑miR‑20a‑5p, 
hsa‑miR‑106a‑5p, hsa‑miR‑106b‑5p, hsa‑miR‑17‑5p, 
hsa‑miR‑34a‑5p and hsa‑miR‑93‑5p. Among these miRNA, 
hsa‑miR‑106a‑5p, hsa‑miR‑106b‑5p, hsa‑miR‑17‑5p and 
hsa‑miR‑93‑5p can act on NLRP3 mRNA.

The present study has the following limitations: First, it 
used a dataset of 378 patients with OV from TCGA to explore 
a cuproptosis‑related risk model, but further validation of 
the risk model in cohorts from other institutions is needed to 
ensure broader applicability. Second, while preliminary vali‑
dation was performed using cell experiments, further in vitro 
and in vivo experiments are required to verify the interactions 
and regulatory mechanisms.

In conclusion, the present study constructed a prognostic 
risk model based on lncRNAs associated with cuproptosis in 
OV and explored the regulatory mechanism of LINC00996 in 
cuproptosis. The results provide new perspectives to assess the 
role of cuproptosis in OV; however, more validation experi‑
ments are required to further explore this role.
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