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Healthcare, Qingyuan, China

Background: Disulfidptosis and ferroptosis are two different programmed cell death
pathways, and their potential therapeutic targets have important clinical prospects.
Although there is an association between the two, the role of genes associated with
these two forms of cell death in the development of endometrial cancer
remains unclear.

Methods: In this study, RNA sequencing (RNA-seq) and clinical data were obtained
from public databases, and comprehensive analysis methods, including difference
analysis, univariate Cox regression, and Least Absolute Shrinkage and Selection
Operator (LASSO) analysis were used to construct a disulfidptosis/ferroptosis-
related genes (DFRGs) prognostic signature. To further explore this new feature,
pathway and functional analyses were performed, and the differences in gene
mutation frequency and the level of immune cell infiltration between the high- and
low-risk groups were studied. Finally, we validated the prognostic gene expression
profile in clinical samples.

Results: We identified five optimal DFRGs that were differentially expressed and
associated with the prognosis of uterine corpus endometrial carcinoma (UCEC). These
genes include CDKN2A, FZD7, LCN2, ACTN4, and MYH10. Based on these DFRGs, we
constructed a robust prognostic model with significantly lower overall survival in the
high-risk group than in the low-risk group, with differences in tumor burden and
immune invasion between the different risk groups. The expression of two key genes,
ACTN4 and LCN2, was verified by immunohistochemistry and RT-gPCR.
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Conclusion: This study established a clinical prognostic model associated with
disulfidptosis/ferroptosis-related genes, and the expression characteristics of key
genes were validated in clinical samples. The comprehensive assessment of
disulfidptosis and ferroptosis provides new insights to further guide patient
clinical management and personalized treatment.

UCEC, uterine corpus endometrial carcinoma, disulfidptosis, ferroptosis, prognostic
signature, immune infiltration

1 Introduction

Uterine corpus endometrial carcinoma (UCEC) is a common
malignant gynecological disease, and the prevalence rate of UCEC
has increased by 132% in the past three decades (1). Currently, the
key to the diagnosis of endometrial cancer is the pathological
evaluation of endometrial tissue, but this invasive test is only
useful for patients who have undergone endometrial biopsy or
ultrasound and who exhibit endometrial thickening. Despite
treatment guidelines from the European Society of Gynecologic
Oncology, which are based on clinical staging and molecular
subtyping, there are differences in the prognoses of patients with
endometrial cancer according to risk group (2). Approximately 15%
of patients with urothelial carcinoma (UCEC) are at an advanced
stage at the time of diagnosis. In addition, approximately 15 to 20%
of patients are at risk of recurrence after initial surgical treatment (3,
4), and the prognosis for this subset of patients remains poor (5).
Research on the early diagnosis of endometrial cancer and its
prognostic risk factors is still in its infancy. Currently, no feasible
clinical prognostic model has been developed, which limits the
effective formulation of personalized treatment strategies.
Disulfidptosis is a unique type of cell death pathway identified in
recent biological studies (6). Excessive cystine induces rapid
apoptosis due to the increase in disulfide bond pressure, which
has extraordinary potential value in predicting the end of cells and
the effectiveness of immunotherapy. Ferroptosis, a specific form
related to iron-dependent cell death, has received extensive
attention in the treatment of drug-resistant endometrial cancer in
recent years (7-9)and some articles have reported that some
ferroptosis-related genes have important value in predicting the
prognostic status of endometrial cancer patients (10, 11).

Although disulfidptosis and ferroptosis are two different forms
of cell death, they share a common regulator plasma carrier family 7
memberl1 (SLC7A11). Cancer cells rely on SLC7A11 cystine input
to maintain redox balance and cell survival, which can inhibit the
occurrence of ferroptosis, and SLC7A11 downregulation and
methylation can induce ferroptosis in endometrial cancer cells
(12, 13), however, when the SLC7A11 gene is overexpressed and
glucose deprivation occurs, disulfidptosis death is triggered.
Therefore, this exploratory work is the first to link disulfidptosis
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with ferroptosis. By analyzing large-scale public data resources, we
screened genes related to these two phenomena (disulfidptosis/
ferroptosis-related genes, (DFRGs)) and established a prognostic
model of their coexistence. This model provides a comprehensive
perspective for understanding the composite effects of DFRGs on
UCEC. After careful screening, we identified five genes associated
with survival probability (CDKN2A, FZD7, LCN2, ACTN4, and
MYH10) as useful biomarkers for disease identification and
prognostic assessment. Based on the risk ratings of these genes,
we subdivided UCEC patients into several different prognostic
classes. We subsequently compared the differences between the
higher- and lower-risk categories in terms of immune score, and
immune cell penetration, and initially confirmed them in actual
clinical tissue samples. The aim of this study was to determine the
feasibility of a personalized medical protocol for UCEC patients,
with the expectation of optimizing their postoperative
recovery prospects.

2 Materials and methods
2.1 Dataset information

RNA sequencing data (HTSeq-FPKM) and clinical prognostic
information on UCEC patients were obtained from the TGCA
database (https://portal.gdc.cancer.gov/). A total of 589 cases were
included in the analysis, including 554 endometrial cancer samples
and 35 normal tissue samples. (Supplementary Figure S1). Out of
these, 560 cases included clinical information. we implemented the
following preprocessing steps to ensure data quality: (1) Cases with
a reported survival time of zero or those lacking survival time
information were excluded from our analysis, resulting in the
removal of 16 cases. (2) In instances of missing clinical data other
than survival time, we applied appropriate imputation methods
where feasible or documented exclusions to maintain data integrity
and transparency.

We screened 512 ferroptosis-associated genes (FAGs) through a
comprehensive review of the FerrDb database (14) (http://
zhounan.org/ferrdb/legacy/index.html, July 1, 2023), which is a
curated resource focused on genes and molecules associated with
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ferroptosis. The identification of the disulfidptosis-related genes
mainly referenced the protein-protein interaction network of the
proteins with disulfide bonds, reported by Liu et al. (15). We applied
a filter to include only those genes that had at least two supporting
studies cited in the literature. This led to the inclusion of the
following key genes: NADPH, INF2, SLC7A11, CD2AP, DLIM1,
MYH9, ACTN4, IQGAP1, MYH10, FLNB, FLNA, MYL6, TLN1,
DSTN, CAPZB and ACTB.

2.2 Differential analysis of disulfidptosis-
related and ferroptosis-associated genes

In this study, a preliminary collation of the RNA-seq dataset
and associated clinical information was performed to eliminate
incomplete records. First, the “Limma” R software package was used
to screen the differentially expressed disulfidptosis/ferroptosis-
related genes (DE-DFRGs) using the criteria of [log2FC| > 0.5
and FDR < 0.05. This selection was made to capture potential
candidate genes that may play a role in cancer prognosis to the
greatest extent possible, balancing sensitivity and specificity. The
correlation between disulfidptosis and ferroptosis was calculated via
the Spearman method using the “psych” R software, and a Holm-
adjusted significance test was performed with P value correction to
generate a network showing the association between the two.

2.3 Construction of the DFRG prognostic
model and validation

To explore the DE-DFRGs associated with disease prognosis,
we first partitioned the dataset into a training set (70%) and a
validation set (30%). In the training set, we performed Cox
proportional hazard model analysis on the independent variables
and identified differentially expressed genes that were considered
significantly associated with the survival period. Subsequently, Least
Absolute Shrinkage and Selection Operator (LASSO)-Cox
regression analysis was performed to filter out genes with strong
collinearity, aiming to identify genes that are critical for prognosis.
Specifically, we performed variance inflation factor (VIF) analysis
prior to applying LASSO-Cox regression, predictors with VIF
values greater than 5 were considered indicative of
multicollinearity and were either removed or combined where
appropriate. Additionally, we have included details on the
optimization of the regularization parameter using 10-fold cross-
validation, which helps to minimize the overfitting risk and
determine the most appropriate lambda value. The predictive
models were established using the “GLMnet” and “Survival”
packages in R software. The prognostic risk score of the TCGA-
UCEC cohort was estimated using the “Model Predictions” R
package, and patients were classified into different prognostic
classes according to the median risk score (low -risk or high
-risk). The Kaplan-Meier method, stratified Cox regression,
multivariate Cox regression, and ROC curve analysis were used to
confirm the validity and reliability of the prognostic model.
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Calibration curves were generated via a canonical graph model to
produce a prognostic graph depicting the survival of patients with
endometrial cancer at 1-, 3-, and 5- years. Additionally, we
conducted external validation using two independent
transcriptomic datasets from the GEO database (GSE21882 and
GSE115810). Applying our prognostic model to these cohorts, we
compared risk factors associated with different 5-year survival
outcomes and tumor differentiation levels.

2.4 GO, KEGG and mi-RNA
regulatory relationship

Gene ontology (GO) and Kyoto Encyclopedia (KEGG)
enrichment analyses were used to further explore the biological
processes and pathways associated with the DFRGs, via ‘Cluster
Profiler’ R software (version 3.14.3). Due to the high number of tests
performed in enrichment analysis, we utilized the Benjamini-
Hochberg (BH) method to control the false discovery rate (FDR),
thereby improving the reliability of the findings. In addition, the
UCEC miRNA sequence data were obtained from the TCGA
database. The “Limma” package of R was used to explore the
differences in miRNA expression. Prognostic miRNAs were
screened via a univariate Cox regression model. We employed
Pearson or Spearman correlation coefficients to assess the
relationships between miRNAs and their target genes, depending
on the distribution of the data.

2.5 Tumor mutational burden analysis

After the analysis, single nucleotide polymorphism (SNP)
information for UCEC was extracted from the TCGA database,
which is helpful for exploring the associations between prognosis
and cancer. Through the “maftools” R software package, the TMB
value of each patient was calculated. Only non-synonymous
variants in coding regions were considered for the TMB
calculation, as these are more likely to have functional
implications in tumor biology. Previous studies have shown that
using the median is a common practice in TMB analysis, ensuring
that our approach aligns with established conventions in the field.
Accordingly, all patients were subsequently divided into two groups
based on the median TMB value: one group included samples with
high TMB values, and the other included samples with low TMB
values. We identified the top variant genes with significant
differences when high and low -risk categories were compared
and explored the correlation between the TMB and risk score.

2.6 Immune infiltration of the
disulfidptosis/ferroptosis-related
prognostic model

We obtained the abundance of infiltrating immune cells
through various algorithms adopted by the TIMER 2.0 (http://
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timer.cistrome.Org/) database. To account for potential batch
effects and noise in the immune infiltration data, we utilized the
ComBat method from the “sva” package in R, which adjusts for
batch effects in the data. Twenty-two immune cell infiltrates
between different risk groups were evaluated via the CIBERSORT
algorithm, and the results were visualized via the “vioplot” R
package. The prognostic differences between different immune
infiltration profiles were subsequently analyzed.

2.7 Expression levels of key prognostic
genes in biological samples

In this study, we collected postoperative biological samples and
paraffin-fixed sections from patients treated at Guangdong Women
and Children’s Hospital from January 2023 to August 2023. The
patients signed a consent form before surgery for the donation of
their excised tissue, which was stored in our pathology laboratory,
for scientific research. After the model was constructed, this study
submitted a clinical sample use application to the Ethics Committee
of Guangdong Women and Children Hospital according to
standard procedures and received ethical approval (Approval No.
202301078). Five endometrial cancer tissue samples and sections
were approved for key gene validation, one of which was used for
preexperiments (clinical information is detailed in Appendix File 2).

During the sample application process, the samples were
reviewed by pathology experts and labeled as tumor tissue or
adjacent tissue. Fresh tissue indicated a sample retained for rapid
pathological testing during surgery and was stored in liquid
nitrogen, a -80°C environment or a dry ice transport box until it
was used for detection. The mRNA expression levels of CDKN2A,
FZD7, LCN2, ACTN4 and MYH10 were quantitatively analyzed via
real-time quantitative polymerase chain reaction (RT-qPCR). We
specified that all experiments were performed in triplicate and
included information on the assessment of technical variability.
Each sample was analyzed in at least three independent biological
replicates to account for biological variability. we employed the
AACt method for relative quantification of gene expression. The
statistical methods used to analyze the RT-qPCR results included a
paired t-test for comparing expression levels between tumor and
adjacent normal tissues when analyzing matched samples.

RNA was extracted from the tumor samples and normal tissues
via TRIzol reagent (Ambion, USA). A quantitative reverse
transcription kit (Promega, USA) was subsequently used to
reverse transcribe the products into ¢cDNA. Quantitative PCR
(qPCR) is a technique for measuring the DNA content of a
sample in real time. The SYBR-Green reagent of the Vazyme
Company was used to carry out real-time fluorescence
quantitative qPCR detection, and the expression level of each
sample was corrected and standardized to the expression level of
actin. The primers used are detailed in Appendix S3.

All the slides were processed by first incubating them at 60°C
for 20 minutes, deparaffinizing them in xylene, and rehydrating
them in gradient ethanol. After incubation with 3% hydrogen
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peroxide for 10 min, the slides were soaked in 0.01 M citrate
buffer (pH 6.0) to recover the antigen for 30 min. The slides were
incubated overnight at 4°C with their corresponding antibodies
after being blocked with 5% bovine serum albumin. Then, another
biotinylated antibody was added at room temperature for one hour.
The progress of immunohistochemical staining was monitored by
using diaminobenzidine as the reaction medium, and restraining

was performed with hematoxylin.

2.8 Statistical analysis

In this study, we adopted a series of analytical validation methods
for bioinformatics and statistical analysis. Differentially expressed
gene screening and model construction are primarily performed
using R software (4.2.0), which is derived from publicly available
versions in CRAN and Bioconductor. For differential expression
analysis, we utilized the DESeq2 package, using the DESeq()
function to normalize and analyze RNA-seq data. For survival
analysis, the survival package was used, specifically the coxph()
function to fit Cox proportional hazards models, and analysis of
survival curves was conducted using the survfit() function. For
LASSO-Cox regression, we implemented the glmnet package,
utilizing the cv.glmnet() function for cross-validation and lambda
optimization. For immune infiltration analysis with CIBERSORT, we
utilized custom R scripts compatible with the CIBERSORT algorithm
to process RNA-seq data. Enrichment analysis for GO and KEGG
was performed using the clusterProfiler package with functions such
as enrichGO and enrichKEGG. The t test and Wilcoxon rank sum
test were performed to analyze the differences between two sample
groups, whereas the Kruskal-Wallis test was used to analyze the
differences between two or more sample groups. We set the threshold
for statistical significance to p<0.05, and all data analysis was
performed via R software.

3 Results

3.1 Differential expression of disulfidptosis-
related and ferroptosis-associated genes
in UCEC

We analyzed the differential expression of 16 disulfidptosis-
related genes and 512 ferroptosis-related genes in the TCGA-UCEC
cohort (Supplementary Figure S1). DE-DFRGs were identified via
the “limma” R package, and expression heatmaps were generated
for normal versus tumor tissues (Figures 1A, B). Finally, 10 genes
associated with disulfidptosis (Figure 1C) and 41 genes associated
with ferroptosis (Figure 1D) were screened and mapped to
volcanoes. In addition, we explored the correlation between the
differential genes related to disulfidptosis and ferroptosis and found
that there was a significant positive correlation between the
expression of disulfidptosis genes and the expression of most
ferroptosis genes (Figure 1E, Appendix File 4).
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FIGURE 1

Differential expression of disulfidptosis- and ferroptosis-related genes. (A,

B) Heatmap showing the disulfidptosis- and ferroptosis-related genes in

tumor and normal adjacent tissues. Green represents downregulation, and red represents upregulation of the gene. (C, D) Volcano map of 9
differential disulfidptosis-related genes and 178 differential ferroptosis-related genes. (E) Interactive correlation heatmap between differential
disulfidptosis-related genes and ferroptosis-related genes (p <0.01 = **, and p < 0.05 = *).

3.2 Establishment of the DFRG model

To further screen DFRG genes related to survival prognosis, we
first performed univariate Cox regression on the differential genes
associated with disulfidptosis and ferroptosis, calculated the
relationships between the changes in the expression of individual
genes and the prognostic characteristics of patients (Supplementary
Figure S2), followed by further screening of the common differential
genes via a LASSO regression model (Figures 2A, B). Finally, a
prognostic risk model based on five genes was constructed with the
following formula: risk score = [CDKN2A expression x (1.3412)] +
[FZD7 expression x (0.7441)] + [LCN2 expression x (-0.5069)] +
[ACTN4 x (0.7265)] + [MYHI10 expression X (-0.7140)]. Using the
median risk score as a criterion for differentiation, we subdivided
UCEC patients into high- and low-risk groups (Figure 2C). The
statistical distributions of the five different DE-DFRG expression
patterns are illustrated below (Figure 2D). The data from the KM
curve revealed that overall survival was significantly lower in the
high-risk group than in the low-risk group (Figure 2E).

3.3 Validation of model accuracy
Time-based ROC curve analysis was performed to determine
the predictive efficacy of the signal, and the area under the

operating characteristic curve (AUC) of the observed object was
0.689 at 365 days; at 1905 and 1825 days, the values were 0.652 and
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0.727, respectively (Figure 3A). We then constructed a model for
predicting one-, three-, and five-year survival in patients with
UCEC based on relevant prognostic indicators, which showed
significant accuracy in predicting the outcome (Figure 3B). We
evaluated the risk signature regard to pathological features (tumor
stage), high risk was significantly associated with more severe
stages (Figures 3C, D). We included two additional analyses to
further validate our prognostic model. we compared the risk
scores for patients those who survived to five years with those
who did not (GSE21882 from GEO dataset), and the risk scores
between normal/G1 stage tumors with G2/G3 stage tumors
(GSE115810 from GEO dataset). The results indicated that
patients with poorer 5-year survival outcomes (Figure 3E) and
lower tumor differentiation (Figure 3F) had significantly higher
risk scores.

3.4 Functional enrichment analysis and
correlation analysis of microRNA

To explore the hidden biological attributes related to risk
assessment indicators, this study analyzed the KEGG and GO
functions of differentially expressed genes (DEGs) in high- and
low-risk categories. The results revealed that the pathways
involved in glycosphingolipid biosynthesis, extracellular
mechanism interactions, and signaling are diverse and complex
(Figures 4A, B). In addition, through deep mining of the TCGA-
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FIGURE 3

Internal validation of the DE-DFRG model by TCGA-UCEC. (A) Time-dependent ROC curve and AUC of the prognostic signature in UCEC patients
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I-1'and IlI-1V disease. (E) Violin plot of risk scores between patients who survived for five years and those who did not. (F) Violin plot of risk scores

between normal/G1 stage tumors to G2/G3 stage tumors.
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FIGURE 4

GO/KEGG enrichment analysis of DE-DFRGs and miRNA correlation analysis. (A, B) GO and KEGG functional enrichment analyses of the differentially
expressed genes. (C—G) Relationships between miRNAs and the expression of 5 DE-DFRGs in the model.

3.5 Relationship between the tumor
mutational burden and the risk model

The genetic variant density of a tumor, defined as the number of
variants found per megabase (MutS per MB), has been associated
with the quality of life and prognosis of cancer patients. High levels
of tumor genetic variant density (TMB-H) indicate that patients
may benefit more from immunotherapy. To more thoroughly
explore the role of the risk-prognosis model in predicting the
extent of tumor progression, this study explored the association
between the model and TMB. First, we performed a Kaplan-Meier
analysis on survival data from patients with varying TMB levels and
found that patients with higher TMB exhibited better survival rates
(Figure 5A), which aligns with current perspectives in the field.
Subsequently, we analyzed the correlation between TMB and risk
scores, revealing that lower risk scores were associated with higher
mutation rates (Figure 5B), indicating a better prognosis. Figure 5C
illustrates the differences in gene mutation characteristics between
low-risk and high-risk groups, suggesting that variations at the gene
level may be key factors contributing to differing prognoses:PTEN
(65%), PIK3CA (49%), ARID1A (46%), TP53 (38%) and TTN
(38%) were the top five mutated genes.

3.6 Signaling-related immune infiltration
and LMRG-FAG based immune response

Recent studies have revealed two key structural changes in the
tumor microenvironment, the dissociation of disulfidptosis and
ferroptosis, which are closely related to the immune response of
tumors. Using the CIBERSORT algorithm tool, we aimed to
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estimate the distribution of twenty-two immune cell classes in
patients with UCEC (Figure 6A), and the Violin plot revealed
significant differences in the expression levels of regulatory T cells
(Tregs), monocytes, macrophages, and neutrophils in different risk
classes (Figure 6B). Thereafter, we calculated the infiltration scores
for 22 types of immune cells and grouped the UCEC patients based
on the median scores. A Kaplan-Meier analysis was performed in
conjunction with survival data, and the results indicated that higher
immune infiltration scores were associated with better patient
prognosis (Figures 6C-E). Significant heterogeneity in patient
survival was observed in the infiltration of several types of
immune cells (NK cells, CD8+ T cells, regulatory T cells and
highly invasive cells).

3.7 Immunohistochemistry and RT-qPCR
validation of key prognostic genes

We subsequently confirmed the expression of prognostically
relevant genes in clinical samples via real-time quantitative reverse
transcription polymerase chain reaction (RT-qPCR) and
immunohistochemistry. The experimental data revealed the
expression levels of several genes in tumor samples via real-time
quantitative polymerase chain reaction (RT-qPCR). Specifically,
ACTN4, FZD7, and MYH10 were expressed at low levels in these
tumors, whereas LCN2 and CDKN2A were expressed at high levels
(Figures 7A-E). This finding is in accordance with transcriptional
data from The Cancer Genome Atlas (TCGA) based on urothelial
cancer (UCEC) samples. The results revealed that the expression of
ACTN4 and LCN2 was positive in the cytoplasm and partly in the
nucleus and that the expression level of ACTN4 was low
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(Figure 7F), whereas the expression level of LCN2 was high in
tumor tissue (Figure 7G). This finding was also confirmed by real-
time quantitative polymerase chain reaction (RT-qPCR) data.
(Photos with higher magnification are detailed in Appendix File 5).

4 Discussion

UCEC is a common malignant disease of female reproductive
organs, and its prevalence has increased in recent years. For patients,
the precise determination of disease stage has a significant effect on
the treatment efficacy and patient prognosis. For the first time, the
International Federation of Gynecology and Obstetrics (FIGO) has
included molecular subtypes in its revised staging guidelines for
endometrial cancer in 2023, aiming to provide a more accurate
assessment of the prognosis of patients with UCEC. Therefore, the
study of new molecular markers and cell communication pathways
will provide key theoretical support for interdisciplinary treatment
strategies for endometrial cancer. Currently, several ferroptosis-
related models have been developed to predict the prognosis of
UCEC patients, which are based on a single variable and do not
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fully consider the complexity of the tumor microenvironment (16,
17). Recent findings indicate a close relationship between ferroptosis
and disulfidptosis. Disulfidptosis and ferroptosis are two forms of
regulated cell death that share some biochemical pathways and
mechanisms. Both processes involve the accumulation of reactive
oxygen species (ROS) and perturbations in cellular redox
homeostasis, leading to oxidative damage. Recent studies suggest
that disulfidptosis may act in concert with ferroptosis, where the
oxidative stress from disulfide accumulation can potentially promote
ferroptosis (18). In our exploration, we comprehensively considered
the correlation between disulfidptosis and ferroptosis. First, we
revealed ferroptosis-disulfidptosis differential genes by dissecting
gene transcription in tumor and normal tissues. The Lasso
algorithm was subsequently applied to filter out the most
influential predictor variables, and we constructed a prognostic
assessment model consisting of five key genes. Through the analysis
of Kaplan—Meier curves, ROC curves and calibration curves the
stability, accuracy and reliability of the model were verified.

Recent studies have revealed a strong association between
disulfide metabolism and tumor development. In fact, many
tumor cells are subjected to oxidative stress, which causes

frontiersin.org


https://doi.org/10.3389/fimmu.2025.1492541
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Huang et al.

abnormalities in disulfide metabolism, thereby significantly
affecting the survival and proliferation of cancer cells (19, 20).
The metabolic activity of tumor cells, especially the formation of
disulfide bonds, is associated with various biological characteristics
of tumors, such as resistance to antibiotics, tumor spread, and
immune system evasion (21, 22). Recent studies have shown that
specific long noncoding RNAs associated with disulfide
dysregulation can provide significant prognostic information for
UCEC patients (23). Ferroptosis is caused by the combined effects
of intracellular oxidative stress and membrane lipid peroxidation,
which leads to the destruction of cells and the termination of life
activities. Ferroptosis-related genes and long noncoding RNA
coding genes in endometrial carcinomatous tissues are often
mutated and epigenetically modulated in contrast to those in
conventional tissues (9), resulting in their differential expression
in regulating the viability, migration, and invasion of endometrial
cancer cells (7, 12). Although a direct association between these
genes and endometrial cancer has not yet been established,
ferroptosis gene markers play a key role in assessing the
prognosis of endometrial cancer patients and formulating
targeted treatments. To deepen the research in the field of cancer
therapy, explore the interaction between disulfidptosis and
ferroptosis signal transduction pathways, reveal the internal
relationship between them, and translate this insight into
innovative strategies for anticancer therapy, we must build a
closer bridge between them.

A recent study revealed that UCEC is one of the two cancer
types with the highest mutation rates in disulfidptosis-related genes,
whereas mutations in the ACTN4 and MYHI10 genes are closely
linked to poor survival (18). In the actin-binding protein family, the
ACTN4 protein, which was described by Honda and other
researchers in the early stage and is considered a nonmuscle o-
actinin closely linked to the migration ability of tumor cells, has
attracted much attention (24). ACTN4 influences the cell cycle and
cell motility and plays a key role in the development and spread of
cancer (25), and some studies have shown that ACTN4 behaves
differently in endometriotic lesions than in the normal
endometrium (26). The MYH10 gene is responsible for the
production of nonmuscle myosin IIB (NMIIB), a protein that
plays a crucial role in cell adhesion. It also plays a key role in
many tumor processes, including promoting cancer cell migration,
invasion of surrounding tissues, synthesis of the extracellular matrix
(ECM), and triggering the transformation of epithelial cells into
mesenchymal cells. CDKN2A is considered to play a key clinical
role in assessing various prognostic mechanisms of endometrial
cancer (16, 27, 28), possibly related to cell cycle dysregulation
caused by CDKN2A deletion (29). Lipocarin 2 (LCN2), a new
member of the lipocarin family, is closely related to immune
function. Studies have shown that the expression level of LCN2 is
increased in many malignant tumors. including lung cancer, breast
cancer, prostate cancer, pancreatic cancer and esophageal cancer.
Moreover, studies indicate that LCN2 induced ferroptosis is closely
related to tumor progression (30). LCN2 serum levels play an
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important role in the diagnosis of endometrial cancer (31), and
upregulation of LCN2 expression promotes drug resistance in
endometrial cancer cells and inhibits the ferroptosis process (32).
One of the receptors of Wnt signaling, Frizzled 7 (FZD7), plays a
key role in the canonical and atypical Wnt pathways. Abnormal
activation of the Wnt/B-catenin signaling pathway is closely related
to endometrial hyperplasia and its related carcinogenesis (33), and
plays a vital role in promoting the spread and migration of tumor
cells. Studies have revealed that FZD7 gene expression often
increases when ovarian cancer tissues are resistant to platinum-
based drugs (34). This increased gene expression increases the
sensitivity of tumor cells to ferroptosis.

MicroRNAs(miRNAs) have been shown to coordinate various
biological processes and diseases, including the occurrence and
progression of cancer (35). Research has shown that miRNAs not
only control mRNA expression but also target long noncoding RNAs
(36). In recent years, abnormal expression of miRNAs has been
reported to be associated with the occurrence of various cancers, and
abnormal expression of miRNAs can also induce different epigenetic
changes. After screening key prognostic genes, our study further
identified hsa-mir-4758 as co-associated with disulfidptosis/
ferroptosis-related genes. A comprehensive transcriptome analysis
revealed that hsa-mir-4758 is associated with hormone-dependent
cancer risk (37). A miRNA-based prognostic model for endometrial
cancer also suggested that high expression of hsa-mir-4758 in EC
tissue is associated with poor prognosis and a lower survival rate in
patients with endometrial cancer (38). This finding may suggest the
significant potential value of hsa-mir-4758 in the occurrence and
prognosis of endometrial cancer (39).

The characteristic of disulfidptosis is the accumulation of disulfide
bonds and the subsequent cellular stress. Cancer cells undergoing
disulfidptosis can release a variety of cytoplasmic contents and
inflammatory factors, triggering a robust immune response by
promoting immune cell infiltration and reprogramming the
immunosuppressive tumor microenvironment (TME). This process
can activate immune cells and facilitate the occurrence of
inflammatory responses (40). On the other hand, ferroptosis is
primarily induced by lipid peroxidation caused by iron overload,
during which reactive oxygen species (ROS) are generated that can
also influence immune cell function. This may alter the recruitment
and activation of immune cells within the tumor microenvironment
(41). Different forms of regulated cell death can modulate immune
infiltration in the tumor microenvironment, thereby affecting
therapeutic efficacy against tumors and the overall progression of
cancer (42). Immune cells play crucial roles in the stroma of tumors,
and they have a significant impact on tumor progression and
prognosis (43). Therefore, we performed an in-depth analysis of the
immune cell composition in patients with different prognostic grades.
The performance of regulatory T cells (Tregs), monocytes,
macrophages, and neutrophils varies significantly across risk classes.
These observations suggest that patients at lower risk may be more
sensitive to immunotherapy, suggesting that they may benefit more
from immunotherapy.
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However, it must be recognized that our study has inherent
limitations. First, our data are based on transcriptome data, so there
remains a considerable journey ahead from our research
conclusions to their application in a clinical setting. Specifically,
understanding how risk stratification derived from our signature
could influence the selection between standard therapies and novel
treatments requires substantial evidence-based research. Follow-up
studies (both prospective and retrospective) are essential to confirm
the accuracy of our model. In addition, we need to pay attention to
the consistency of samples of various ethnic groups. Moreover, the
results of the analysis of the tumor mutation burden and immune
invasion profile were only from the TCGA, and more prospective
experimental data are needed to confirm these conclusions. Finally,
further exploration of the molecular mechanism of UCEC-related
risk genes is necessary to explore effective therapeutic targets.

Nonetheless, we believe that our study holds significant value in
the exploration of prognosis in endometrial cancer. It underscores
the importance of collaboration among oncologists, pathologists,
and bioinformaticians to effectively implement our prognostic
features in clinical practice. To this end, we are committed to
conducting further research at both the foundational and clinical
levels to validate our findings and enhance their applicability in
real-world settings.

5 Conclusions

In summary, by selecting five genes associated with
disulfidptosis/ferroptosis-related genes, we created a predictive
model of the clinical outcome for UCEC patients based on the
TCGA database and validated it internally. In addition, this study
explored the mutation burden and immune cell infiltration level of
tumors in different prognostic risk groups, which provided possible
biomarkers and preliminary evidence for the development of
personalized treatment.
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