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Abstract
Background: Cervical carcinoma (CC) remains a prevailing gynecologic malignancy.
Cuproptosis is a recently identified and extensively researched type of cellular death.
However, the understanding of cuproptosis-associated genes in CC and their correlation
with prognosis is still uncertain. Methods: We identified 6 genes related to cuproptosis
that were differentially expressed between normal cervical tissue and CC from 18
cuproptosis-related genes. We obtained prognostic information, along with associated
clinical information, in normal cervical tissue andCCs fromTCGA (TheCancer Genome
Atlas). Results: Six differentially expressed cuproptosis-associated genes were utilized
to develop a prognostic pattern and categorize the overall CC patients in the TCGA
cohort into low- or high-cohort groups. Gene Expression Omnibus (GEO) database
data were employed to certify the model of prognosis. There was a significantly higher
survival rate for CC patients in low-risk than in high-risk group (p = 0.001) for the TCGA
cohort. Both univariate (p = 0.0012) and multivariate Cox regression analyses (p <

0.001) illustrated that the risk score was obviously linked to poor survival. The outside
validation was carried out by data in GEO database. There also existed an exceedingly
obvious distinction in the survival rate between the two groups (p = 0.0239). There
were also evident differences between poor survival and risk score in univariate (p =
0.0242) as well as multivariate Cox regression analysis (p = 0.0279). KEGG (Kyoto
Encyclopedia of Genes and Genomes) and GO (Gene Ontology) were utilized. The
results forecasted that extracellular matrix organization, signaling receptor activator
activity, receptor ligand activity, neuroactive ligand-receptor interplay, and cytokine-
cytokine receptor interplay were closely associated with CC cuproptosis. Conclusions:
The risk prediction model based on genes related to cuproptosis could excellently predict
CC prognosis. The prognostic model can offer a vital reference for future biomarkers
and therapeutic targets for the sake of precise therapy of cervical carcinoma.
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1. Introduction

Globally, cervical cancer ranks fourth after breast, colorectal
and lung cancers, and first among gynecological cancers [1,
2]. The CC predominantly occurs because of the persistent
presence of high-risk human papillomavirus (HPV). However,
HPV infection alone is not the only reason for CC onset and
progression [3]. It has been reported that 15% to 61% CC
patients have distant or lymph node metastasis in the diagnosis
period. Above 70%CCpatients have parametrial infiltration or
metastasis in diagnosis period and cannot be surgically treated
[4]. The curative approaches including chemotherapy and
radiotherapy are employed wherein the prognosis of patients
is reduced [4]. HPV vaccine has been administered in various
countries, however the medical treatment via chemotherapy,
radiotherapy and surgery has excelled. CC morbidity and

mortality can decline in future, but its recurrence, metastasis
and drug resistance are challenging [5, 6].

The novel mechanism of copper-induced cell death has
recently gained attention [7]. Tsvetkov et al. [7] has
investigated that the abundance of intracellular copper
induces the formation of lipoylated DLAT (dihydrolipoamide
S-acetyltransferase) which plays a role in the mitochondrial
tricarboxylic acid (TCA) synthesis cycle. This has emerged
as a form of cellular death named as “cuproptosis” [7].
Common mammalian cells death modes include apoptosis,
necrosis, ferroptosis, necroptosis and autophagy-related
death. Earlier studies reveal that pyroptosis, ferroptosis and
necroptosis plays a role in the progression of CCs and other
gynecological cancers [8–10]. Ferroptosis as a component
of programmed cellular death is named because of the role
of iron in this process [11]. Copper as a trace metal in
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the cells maintains protein function. Copper also mediates
the cell death; however its specific mechanism is not well
understood as the cuproptosis has been discovered recently
[12]. According to Tsvetkov et al. [7], the copper ionophore
used for treating carcinoma causes cell death when combined
with copper, although elesclomol does not have the same
effect. This suggests that copper toxicity causes cell death
[7, 13, 14]. The copper-induced cellular death systems and
antitumor theragnostic utilization of copper compounds are
further explored [15]. There can be a link between cuproptosis
and cancer, and can take the lead in cancerous advancements,
however this connection is still unclear. Studies are required
to explore whether cuproptosis is related to CC and has a role
in its appearance and progression, and whether cuproptosis
related genes can function as prognostic markers of CCs.
Herein, the clinical data and RNA expression of normal

cervix were obtained from The Cancer Genome Atlas (TCGA)
and the Genotype Tissue Expression (GTEx) database, along
with CC tumor tissue from TCGA. Cuproptosis associated
genes were identified and classified from published studies [7].
A systematic study was conducted by constructing a predictive
model to identify the expression levels of cuproptosis related
genes in CCs and normal cervical tissues, and to investigate
the prognostic value of the model. The Kaplan-Meier (KM)
curve, area under the curve (AUC) and forest plot indicated
that the model had good prognostic performance. Another
part of CC patient tumor tissue was obtained through Gene
Expression Omnibus (GEO) database to validate the model.
KM, AUC, and forest plots reflected that the pattern had
prognostic performance among the validation cohort. Finally,
the functional enrichment analysis was performed on the dif-
ferentially expressed genes in high- and low-risk groups of the
model to investigate potential gene action mechanisms.

2. Methods

2.1 Dataset acquisition
We sequenced (RNA-seq) 306 cervical cancer patients and
three normal cervical tissues with corresponding clinical data
from the TCGA database on 15 March 2022. Data for ten
human normal cervical tissue samples were obtained from the
GTEx database. The external validation of CC patient RNA-
seq coupled with relevant clinical information originated from
the GEO database (ID: GSE30759).

2.2 Identification of differentially
expressed cuproptosis-related genes
Eighteen cellular cuproptosis associated genes from literature
were extracted: Lipoyltransferase 1 (LIPT1), Ferredoxin
1 (FDX1), ATPase Copper Transporting Beta (ATP7B),
Dihydrolipoamide Dehydrogenase (DLD), Lipoic Acid
Synthetase (LIAS), Glycine Cleavage System Protein H
(GCSH), Dihydrolipoamide Branched Chain Transacylase
(DBT), Dihydrolipoamide S-Acetyltransferase (DLAT),
Dihydrolipoamide S-Succinyltransferase (DLST), Pyruvate
Dehydrogenase E1 Subunit Beta (PDHB), Pyruvate
Dehydrogenase E1 Subunit Alpha 1 (PDHA1), ATPase
Copper Transporting Alpha (ATP7A), Solute Carrier

Family 31 Member 1 (SLC31A1), Succinate Dehydrogenase
Complex Iron Sulfur Subunit B (SDHB), Polymerase Delta
1 (POLD1), NADH : Ubiquinone Oxidoreductase Subunit B8
(NDUFB8), Translocase Of Outer Mitochondrial Membrane
20 (TOMM20) and Dihydropyrimidine Dehydrogenase
(DPYD) [7]. The data of only three cases of normal cervical
tissue from TCGA cohort, and that of ten normal cervical
samples fromGTEx database were obtained for identifying the
differentially expressed genes (DEGs). The “limma” package
was used to identify DEGs with p values 0.05. The protein-
protein interaction (PPI) network for cuproptosis-associated
genes was set up by using STRING (Search Tool for Retrieving
Interacting Genes), version 11.5 (https://string-db.org/).

2.3 Development and validation of
cuproptosis-related gene prognostic model
The association between cuproptosis-related genes and sur-
vival in TCGA was studied by Cox regression analysis. p
value was fixed at 0.2 to stop the omission, wherein six genes
related to survival were identified for further study. The
Least Absolute Shrinkage and Selection Operator (LASSO)
was chosen to recognize the candidate genes and boost one
prognostic model. Six cuproptosis-associated genes and their
coefficients were retained (λ), and the minimum criterion was
used to determine the penalty parameter. TCGA expression
dataset was utilized to determine the risk score by follow-
ing the normalization through “scale” function in R (Version
4.2.3, Lucent Technologies, Paris, France). Risk score was
calculated by risk score = P7i Xi Yi (X coefficient, Y gene
expression grade). TCGA CCs were categorized as high-
and low-risk subgroups based on median risk scores. The
overall survival (OS) time was compared with Kaplan-Meier
analysis for two subgroups. ROC curve analysis at 1, 2
and 5 years was conducted via the R packages “survminer”,
“survival” and “time-receiver operating characteristic (ROC)”.
CC cohort from GEO database (ID GSE30759) was employed
for validation. Moreover, individuals from GSE30759 were
divided into high- and low-risk subgroups. The groups were
then compared to validate the risk model.

2.4 Independent prognostic analysis of the
risk model
The data about grade and age were extracted from TCGA and
GEO. The model herein analyzed these variables along with
risk score. The multivariate and univariate Cox regression
models were used for analysis.

2.5 Functional enrichment analysis of DEGs
for low- and high-risk groups
DEGs were divided into two subgroups based on specific
criteria (false discovery rate (FDR) <0.05 and log2FC ≥1).
The KEGG and GO examinations of DEGs were conducted on
clusterProfiler software [16].

2.6 Statistical analysis
One-way analysis of variance (ANOVA) was used to compare
the gene expression levels between typical cervical tissue and
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CC, while Pearson’s chi-square test was used to compare cat-
egorical variables. To compare the operating systems among
the subcategories, we utilized two-sided log-rank and Kaplan-
Meier tests. Multivariate and univariate Cox regression pat-
terns were employed to assess the autonomous prognostic
significance of the risk models. All statistical analyses were
conducted using R software, specifically version 4.0.5. Fig. 1
shows cases the displayed flow chart.

3. Results

3.1 Identification of DEGs for normal and
tumor tissues
FifteenDEGswere identified (p< 0.05) despite the contrasting
expression levels of 18 cellular cuproptosis linked genes in 306
neoplasm and 13 normal organisms from GTEx and TCGA
data. Among them, twelve genes (TOMM20, ATP7A, SDHB,
DLD,DPYD, LIAS,DLST, PDHB, LIPT1, PDHA1,GCSH and
NDUFB8) were downregulated, and three genes (SLC31A1,
POLD1 and ATP7B) upregulated in cancer tissues. Fig. 2A
depicts a heatmap illustratingmRNA expression levels of these
genes. PPI analysis revealed about interactions of cuproptosis-
related genes (Fig. 2B). A minimum interaction score of 0.9

was established for analysing PPI (highest confidence), and
identified LIPT1, LIAS, PHDB,GCSH,DLAT,DLST, PDHA1,
SDHB,DBT andDLD as pivotal genes. All genes exceptDLAT
and DBT exhibited differential expressions between normal
and neoplasm tissues. Fig. 2C depicts a network that shows
correlation among cuproptosis associated genes.

3.2 DEGs based classification

Consensus clustering analysis was performed on 306 CC pa-
tients in TCGA to evaluate the association between expression
levels of fifteen cellular cuproptosis-associated DEGs and CC.
The intergroup correlation was minimum at k value of 2, while
the intragroup correlation was the highest when k increased
from 2 to 10, representing the clustering variable. The 306
CC patients were categorized into two groups using 15 DEGs
(Fig. 3A). Gene expression profiles and clinical parameters
such as age, grade and survival state were presented in the
heatmap. Therewas little difference between the two regarding
clinical characteristics among clusters (Fig. 3B). Furthermore,
overall survival (OS) times of two clusters were compared and
found significant differences (p = 0.00628, Fig. 3C).

FIGURE 1. The specified workflow picture of information dissection. GTEx: Genotype Tissue Expression; TCGA: The
Cancer Genome Atlas; CC: Cervical carcinoma; DEGs: differentially expressed genes; OS: overall survival; LASSO: Least
Absolute Shrinkage and Selection Operator; GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes; PPI:
protein-protein interaction; GEO: Gene Expression Omnibus.
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FIGURE 2. Illustrates the expression patterns of eighteen genes associated with cuproptosis and their interactions.
(A) heatmap illustrating the variation in gene expression related to cuproptosis between tumor and normal tissues. The p
values are displayed as ***p < 0.001 and **p < 0.01. (B) The PPI network showing interactions between genes in cuprotosis
(interaction score = 0.9). (C) The network of gene correlations related to cuproptosis (red line: positive relationship; blue line:
negative relationship). The intensity of colors indicates the association strength. TOMM20: Translocase Of Outer Mitochondrial
Membrane; SDHB: Succinate Dehydrogenase Complex Iron Sulfur Subunit B; DLST: Dihydrolipoamide S-Succinyltransferase;
PDHA1: Pyruvate Dehydrogenase E1 Subunit Alpha 1; NDUFB8: NADH:Ubiquinone Oxidoreductase Subunit B8; POLD1:
Polymerase Delta 1; SLC31A1: Solute Carrier Family 31 Member 1; DLD: Dihydrolipoamide Dehydrogenase; PDHB: Pyruvate
Dehydrogenase E1 Subunit Beta; DPYD: Dihydropyrimidine Dehydrogenase; DLAT: Dihydrolipoamide S-Acetyltransferase;
FDX1: Ferredoxin 1; ATP7B: ATPase Copper Transporting Beta; ATP7A: ATPase Copper Transporting Alpha; LIPT1:
Lipoyltransferase 1; GCSH: Glycine Cleavage System Protein H; DBT: Dihydrolipoamide Branched Chain Transacylase; LIAS:
Lipoic Acid Synthetase.

FIGURE 3. Tumor classification based on cuproptosis-associated DEGs. (A) A consensus clustering matrix of 306 CC
patients was developed (k = 2). (B) This heatmap shows the clinicopathologic features of two clusters categorized by means of
the DEGs (G1, G2 and G3). (C) Kaplan-Meier OS curves.
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3.3 Development of a prognostic risk model
in TCGA cohort
The survival information of 304 CC samples was matched with
corresponding patients. A preliminary screening of survival
related genes was conducted by univariate Cox regression
analysis. Six genes (GCSH, LIPT1, SDHB, NDUFB8, PDHA1
and TOMM20) with p < 0.2 were retained, wherein TOMM20
(95% confidence interval (CI): 1.0045–1.0248, p = 0.0046,
hazard ratio (HR) = 1.0146) and PDHA1 (95% CI: 0.9318–
0.9930, p = 0.0168, HR = 0.9619) had p < 0.05 (Fig. 4A).
Further assessment revealed two genes (GCSH and TOMM20)
with increased risk while four genes (LIPT1, SDHB, NDUFB8
and PDHA1) have protective relationship (Fig. 4A). The mul-
tivariate Cox regression exhibited that TOMM20 was an in-
dependent prognostic factor (p = 0.0051, 95% CI: 1.0048–
1.0273, HR = 1.0160, Fig. 4B). One 6-gene signature was
established via LASSO Cox regression analysis (Fig. 4C,D).
Risk score was determined as follows: Risk Score = (−0.03537
× NDUFB8 expression) + (−0.03083 × PDHA1 expression)
+ (0.13657 × GCSH expression) + (−0.30665 × LIPT1 ex-
pression) + (−0.01115 × SDHB expression) + (0.01586 ×
TOMM20 expression). Resultantly, 304 patients were divided
into two equal low- and high-risk subgroups by their median
scores (Fig. 4E). Patients of different risks were divided into
two clusters according to principal component analysis (PCA,
Fig. 4F). High-risk group compared to low risk had shorter
survival time and thus higher death rate (Fig. 4G). Fig. 4H
shows that the OS time was different for low-risk and high-
risk groups (p < 0.001). AUC was calculated from the time-
dependent ROC analysis to assess specificity and sensitivity of
the prognostic model. AUC reached 0.67 in one year, 0.739 at
2, and 0.688 at 5 (Fig. 4I).

3.4 External validation of risk model in GEO
cohort
Sixty-three CC patients from GEO cohort (GSE30759) were
included, while the cases with incomplete data were excluded.
Forty-eight CC patients were placed in the validation set.
Among GEO cohort, twenty-four patients were classified as
low risk while twenty-four as high-risk (Fig. 5A). Fig. 5B
shows that PCA separated the two subgroups. Patients from
low risk subgroups had lower mortality rates and thus longer
survival ratios than those from high-risk (Fig. 5C). KM results
also reflected an obvious gap in survival for high-risk and
low-risk groups (p = 0.0239, Fig. 5D). Risk model had great
predictive performance as indicated from the ROC curves
analysis in GEO cohort (AUC = 0.485 at one year, 0.598 at
two and 0.602 at five, Fig. 5E).

3.5 Independent predictive value of the risk
model
Univariate and multivariate Cox regression analyses assessed
whether the risk score model can function as an independent
prognostic factor. Univariate Cox regression analysis of GEO
and TCGA cohorts demonstrated that risk score was an in-
dependent prognostic factor (p = 0.0012, 95% CI: 1.4150–
4.0667, HR = 2.3988, and p = 0.0242, 95%CI: 1.1379–6.3776,

HR = 2.6939, Fig. 6A,B). Multivariate analysis also depicted
that the risk score was an independent prognostic factor in
GEO and TCGA cohorts (p < 0.001, 95% CI: 1.5056–4.3746,
HR = 2.5664, and p = 0.0279, 95% CI: 1.1172–6.8802, HR
= 2.7724, Fig. 6C,D). Moreover, there was difference in the
survival status and age of patients at high- and low-risk in the
heatmaps (Fig. 6E,F).

3.6 Functional analysis based on the risk
model
The “limma” R package was employed to extract DEGs with
FDR <0.05 and log2FC >1 for the subgroups classified by
prognosis model. In TCGA cohort, 376 DEGs were identified
for high- and low-risk groups based on risk score subgroups.
Among them, 177 genes were adjusted while 199 were down-
regulated. GO enrichment analysis and KEGG pathway analy-
sis were performed based on DEGs. GO analysis revealed that
DEGs were linked to the organization of extracellular matrix
and its structure in the BP group, collagen-containing extracel-
lular matrix, apical part of cell and apical plasma membrane in
the CC component and signaling receptor activator activity in
the MF component. From KEGG pathway analysis, the DEGs
were associated with cytokine-cytokine receptor interactions
and neuroactive ligand-receptor interactions (Fig. 7A,B).

4. Discussion

Several studies had used genes for prognosing CC patients,
however few cuproptosis-related genes were systematically
used in this regard [17–19]. Their focus was more on the cor-
relation between cuproptosis-related lncRNAs and CC prog-
nosis [20–24]. This work focused on the correlation between
cuproptosis-related genes and CC to define the cuproptosis
role in CC. The differentially expressed cuproptosis-related
genes including six cuproptosis-related risk signatures (GCSH,
LIPT1, SDHB,NDUFB8, PDHA1 and TOMM20) were utilized
to establish one prognostic model. TOMM20 demonstrated
a correlation with survival through multivariate and univari-
ate Cox regression analyses which reflected about its role as
autonomous prognostic indicator for CCs. The model herein
performed well in multiple Cox regression analyses, univariate
and multivariate Cox regressions, K-M survival analysis, and
AUC analysis in TCGA and GEO cohorts. This model thus
served to evaluate the prognosis-risk categorization and to
choose the treatments for CC patients.
The long-term prognosis of patients with recurrent and

metastatic CC remained challenging despite the advances in
therapeutic strategies including surgery, chemotherapy,
radiotherapy, and immunotherapy to treat CC [25].
Cuproptosis is a newly identified form of cellular death
and its mechanism is like that of ferroptosis [7]. Tsvetkov
et al. [7] first proposed cuproptosis as independent death
mechanism involving copper and mitochondria. Some
studies had explored the effect of copper ionophores such as
elesclomol through clinical trials on other cancers [26, 27].
The understanding of cuproptosis was limited regarding
the drug mechanism and lack of markers. Exploring the
cuproptosis mechanism and cellular copper toxicity might
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FIGURE 4. The constitution of the TCGA risk signature. (A) Using univariate Cox regression analysis, we examined the
OS for every cuproptosis-associated gene together with 6 genes with p < 0.2. (B) The six cuproptosis-associated genes were
analyzed with multivariate Cox regression. (C) LASSO regression analysis was performed to screen the most helpful prognostic
genes. (D) Tuning the parameter (lambda) selection in the regression of LASSO. (E) Allocation of the risk score by the prognostic
signature. (F) PCA plot for CCs on the foundation of the risk score. (G) The survival states for all patients. (H) KM curves for
the OS of patients in the low- and high-risk communities. (I) ROC curves illuminated the predictive efficiency of the risk score.

help in treating CC patients having resistance to other
programmed cell deaths. However, the role and prognostic
value of copper mortality in CC was unclear. One prognostic
model was thus set up based on six differentially expressed
cuproptosis-associated genes of prognostic value. These six
genes have been linked to carcinoma. Adamus et al. [28]
discovered that GCSH antisense regulation determined the
breast cancer cell viability. Chen et al. [29] found that LIPT1
was linked to bladder cancer prognosis and inhibited the
migratory ability of bladder cancer cells. Studies had revealed
that SDHB was associated with pheochromocytomas. Liu et

al. [30–34] indicated that miR-142-5p boosted the colorectal
carcinoma progression by targeting SDHB and promoting
aerobic glycolysis. Chung depicted that NDUFB8 was
linked to the local recurrence-free survival in nasopharyngeal
carcinoma. Wang et al. [35, 36] reported that γ-tocotrienol
impeded the oxidative phosphorylation and caused apoptosis
by hampering the mitochondrial compound I subunitNDUFB8
and compound II subunit SDHB. Zhuang et al. [37] stated that
exosomal miR-21-5p from SKOV3 ovarian cancer cells being
resistant to cisplatin, enhanced the glycolysis and hindered
the chemosensitivity of SKOV3 progenitor cells by targeting
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FIGURE 5. Validation of the risk model in the GEO cohort. (A) Patients in the GEO cohort based on their median risk
score in the TCGA cohort. (B) PCA plot for CCs. (C) The survival states for all patients. (D) KM curves comparing OS between
the high- and low-risk cohorts. (E) The curves of time-dependent ROC for CCs. PCA: principal component analysis; AUC: area
under the curve.

FIGURE 6. Multivariate Cox regression, along with univariate Cox regression according to risk score and clinical
characteristics. (A) Univariate analysis of TCGA cohort. (B) Multivariate analysis of the TCGA cohort. (C) Univariate analysis
of GEO cohort. (D) Multivariate analysis of GEO cohort. (E) Heatmap of TCGA cohort. (F) Heatmap of the GEO cohort.
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FIGURE 7. Functional analysis of DEGs between cohorts of TCGA. (A) Bubble plot for GO enrichment. (B) Bar plot of
the KEGG pathways. AGE: advanced glycation end products; RAGE: receptor for advanced glycation end products; ECM: extra
cellular matrix; IL: interleukin.

PDHA1. Liu et al. [38] reported that miR‑21‑5p regulated
the glycolysis and cancer progression in gastric carcinoma
by targeting PDHA1. Roche et al. [39] revealed that the
translocase of outside mitochondrial membrane compound
subunit 20 (TOMM20) boosted cancerous aggressiveness
and treatment resistance in the chondrosarcoma. Yang et
al. [40] found that PRR34-AS1 sponges miR-498 promoted
TOMM20- and ITGA6-mediated organism advancement
in hepatocellular carcinoma. Moreover, the KEGG and
GO function enrichment analyses in this study illustrated
that differentially expressed cuproptosis-associated genes
were involved in the cellular activity signaling pathways,
including extracellular matrix organization and receptor
ligand activity in GO, and neuroactive ligand-receptor
interaction and cytokine-cytokine receptor interaction in
KEGG. These differentially expressed cuproptosis-associated
genes participated in several biological functions, and in
signaling pathways linked to CCs. Developing a new risk
model of cuproptosis was thus important for treating and
prognosing cervical cancer.

This research has some limitations. First, the data used in
this study originated in public databases, and the sample size
was not large. Second, due to some clinical data being lacking,
we could not conduct a comprehensive clinical analysis. The
third limitation is the technical limitation. Due to the study
solely relies onmachine learning algorithmswithout validating
performance using clinical samples. Forth, further study like
large samples clinical research and basic research are needed
to determine the molecular mechanism of cuproptosis affects

the prognosis of CCs and the relevance of clinical translational
therapy.

5. Conclusions

By utilizing differentially expressed genes associated with
cuproptosis, this study effectively developed a risk prediction
model that demonstrates exceptional prognostic capabilities
for CC. The prognostic model can offer a vital recommen-
dation for future biomarkers, prognosis prediction, and may
provide an important direction in therapeutic targets for the
precise treatment of cervical cancer.
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