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ABSTRACT Disulfidoptosis, an emerging programmed cell death modality form, is linked to long non-coding RNAs
(lncRNAs). This study aimed to develop a disulfidoptosis-related lncRNA (drlncRNA) predictive algorithm for
endometrial carcinoma of uterine corpus (UCEC) and explore its association regarding overall survival (OS) and the
tumour immune microenvironment (TME). Molecular profiling and patient-derived clinical information of UCEC
individuals diagnosed in The Cancer Genome Atlas (TCGA) were analysed. Linear correlation coefficient identified
drlncRNAs, and Cox and LASSO regression established a 4-drlncRNA prognostic model. Patients were grouped by risk
score, with high-risk groups showing shorter OS. The model independently predicted OS, and high-risk patients had
higher tumour mutation burden (TMB) and altered immune infiltration within tumour tissues. This drlncRNA model
effectively predicts UCEC prognosis, aiding personalised treatment.

INTRODUCTION

Corpus uteri Uterine endometrial carcinoma
(UCEC) is ranked within the most prevalent gy-
naecologic malignancy malignancies affecting
women globally reproductive system, typically
occurring in postmenopausal women. Accord-
ing to global cancer statistics, UCEC ranks fourth
in incidence among female malignancies, follow-
ing breast, lung, and colorectal cancers. In 2022,
an estimated 65,950 new UCEC cases were diag-
nosed within the United States, representing
approximately 7 percent among the total female
incident malignancies. Projected incidence of
UCEC-related deaths is 12,550, representing about
4 percent of female mortality from malignancies
within the United States (Siegel et al. 2022).

Current therapeutic interventions for malig-
nancies encompass surgical resection, radiation
treatment, cytotoxic drug regimens, and hormon-
al modulation therapy, with specific plans tai-
lored to individual patient conditions (Wang et
al. 2022). Surgical resection is preferred for ear-
ly-stage endometrial cancer, while advanced cas-
es often require concurrent chemoradiation ther-
apy (Koskas et al. 2021). Recently, novel treat-
ments like immunotherapy and targeted therapy
have been developed and are under continuous
study and application (Gordhandas et al. 2023;

Hecking et al. 2022; Mutlu et al. 2022). Neverthe-
less, challenges remain, especially for high-grade
endometrial cancer, which tends to recur and is
prone to advanced or metastatic disease (Wang
et al. 2022). Advanced-stage diagnoses frequent-
ly occur in patients presenting with non-specif-
ic clinical manifestations, leading to difficult
treatments and poor prognosis. Current treat-
ments have limitations, including side effects of
endocrine therapy and immunotherapy (Kulkar-
ni et al. 2020; Murray et al. 2019; Patel et al. 2021),
and issues like chemotherapy resistance (Alhaj-Suli-
man et al. 2023), necessitating further exploration of
new treatment methods and strategies.

With advances in biotechnology and data
analysis, genomic data are increasingly used to
study the pathogenesis and treatment strate-
gies of endometrial cancer (Karpel et al. 2023).
Recent studies highlight the significant func-
tional influence of long noncoding RNAs (lncR-
NAs) (lncRNAs) in tumorigenesis endometrial
malignant neoplasm, identifying it as a potential
prognostic marker. LncRNA prognostic models
related to regulated cellular necrosis, including
programmed necrosis (Lin et al. 2023), ferropto-
sis (Qin et al. 2023), cuproptosis (Chen et al.
2022b), and pyroptosis (Liu et al. 2022), have
become research hotspots. Recently, Liu et al.
(2023) discovered a new manifestation of regu-
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lated cellular demise, termed disulfideptosis.
Under glucose deprivation starvation, cells with
high SLC7A11 manifestation accumulate intrac-
ellular disulfides like cystine, inducing disulfide
stress that increases disulfide bonds in the ac-
tin cytoskeleton, causing actin filament contrac-
tion, cytoskeletal destruction, and cell death.
Thus, this scientific examination aims at a pre-
dictive framework of lncRNA associated with
disulfideptosis (drlncRNA) to predict OS in
UCEC and propose new treatment strategies.

Objectives

This investigation seeks to delineate disul-
fideptosis-related long noncoding RNA tran-
scripts (drlncRNAs) in uterine corpus endome-
trial carcinoma (UCEC), construct a drlncRNA-
based prognostic framework for forecasting
overall survival, and examine its correlation in
the context of the tumour immune milieu and
sensitivity to anticancer drugs.

METHODOLOGY

Public Data Collection

Data from UCEC patients were accessed
through the genomic information Repository (GDC)
dataset interface (https://portal.gdc.cancer.gov/
repository). Ribonucleic acid sequencing (RNA-
sequencing (seq) datasets (seq)) data were col-
lected employing the fragments per kilobase mil-
lion (FPKM) normalisation method platform and
normalised through logarithmic transformation.
Specimens lacking comprehensive clinical data
were excluded to avoid statistical bias. A total of
544 patients, comprising 554 neoplastic tissue spec-
imens and 23 healthy controls tissue samples, were
included. These participants were stratified for par-
titioning into training versus validation subsets
at a 1:1 allocation proportion.

Identification of Differentially Expressed
Disulfideptosis-related LncRNAs

A panel of ten disulfideptosis-related genes-
linked the following ten genes, namely, GYS1,
LRPPRC, NCKAP1, NDUFA11, NDUFS1, NUB-
PL, OXSM, RPN1, SLC3A2 and SLC7A11, iden-
tified from previous research. Their transcrip-
tional abundance in malignant and non-malig-
nant specimens were analysed via DESeq2 al-

gorithm with univariate Cox proportional haz-
ards modelling (p < 0.05). Survival-associated
value was assessed by integrating these genes
with immunohistochemical data via the Human
Protein Atlas database resource (HPA; https://
www.proteinatlas.org/). Pearson association
study identified disulfideptosis-associated ln-
cRNAs (drlncRNA) using a filter condition with
Pearson correlation coefficients exceeding 0.3
(p<0.001). The Wilcoxon test and threshold pa-
rameters for |log2FC|>1 and p.adj.<0.05 selected
tumour-normal specific lncRNAs with differen-
tial expression patterns. Overlapping the select-
ed lncRNAs determined DE-drlncRNAs, and a
risk forest diagram was created.

Establishment and Evaluation of drlncRNA
Prognostic Model

Matching the expression of DE-drlncRNAs
with survival rates, prognostic lncRNAs were
pinpointed via univariate Cox proportional haz-
ards modelling in DE-drlncRNAs (P<0.05). Pen-
alised Cox modelling via ‘survival’ and ‘glmnet’,
screened for the best prognostic-related DE-drln-
cRNAs. Using multivariate Cox proportional
hazards modelling, the researchers developed a
drlncRNA prognostic index. Patient-specific risk
scores were computed via the established equa-
tion. Risk Score = (Expression of AC139795.2 ×
0.516042024432212) + (Expression of Z69733.1 ×
0.607799707479734) + (Expression of EMSLR ×
0.609578526049159) + (Expression of AC020765.2
× (-0.545526642504592)).

The coefi represents the regression coeffi-
cient, while exp denotes the lncRNA expression
values after normalisation. The median cutoff
classified UCEC stratified subjects into distinct
prognostic categories. The “survival” R pack-
age executed Kaplan-Meier survival analysis
(KM). Kaplan-Meier evaluation across training,
validation, and complete cohorts set to compare
OS of the groups. ROC curve analysis evaluation
via the ‘pROC’ and ‘Hmisc’ packages, evaluated
the model’s predictive precision, measured by the
area under the curve (AUC). The chi-square vali-
dation evaluated the correlation pertaining to the
prognostic risk stratification system and clinical
pathological pathological characteristics. Cox re-
gression analysis (univariable and multivariable)
assessed the risk score’s independent prognostic
significance.
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Construction and Evaluation of the Nomogram

The researchers developed a prognostic pre-
diction model via the ‘rms’ package alongside
the ‘survival’ R package to forecast the prog-
nostic index and clinical outcomes pathological
attributes of UCEC subjects. Calibration curves
and time-related ROC curve analyses evaluated
the nomogram’s effectiveness.

Functional Enrichment Analysis

Molecular function classification (GO) and
pathway enrichment analysis (KEGG) pathway
functional overrepresentation, utilising the “clus-
terProfiler” R software toolkit, identified enriched
pathways of risk differential genes. Results were
presented in a bar chart, showing enriched path-
ways in biological processes, cellular compo-
nents, and molecular functions, as defined by
the Gene Ontology (GO) consortium. These
screening criteria existed as logFC filter = 0.05
and fdr = 0.05. GSEA toolkit (v4.3.2; http://
www.gsea-msigdb.org/gsea/index.jsp) analysed
potential enriched pathways between groups. A
p.adj. <0.05 and a modelled estimate of 1000
reached statistical significance.

Analysis of Tumour Mutational Burden (TMB)
and Immune Cell Infiltration Levels

Tumour-specific genetic alteration profiles
of UCEC patients from TCGA were evaluated
with the ‘maftools’ R package to investigate TMB
differences among groups. K-M survival analy-
sis divided subjects into low and high TMB
stratification using median-derived cutoffs val-
ue. Linear correlation assessment via Pearson’s
method determined the association of prognos-
tic score and TMB. The CIBERSORT algorithm
evaluated leukocyte population levels, and tumour
immune dysfunction and exclusion (TIDE) frame-
work resource (http://tide.dfci.harvard. edu/) as-
sessed immunological evasion propensity across
prognostic strata.

Drug Sensitivity Evaluation

The ‘pRRophetic’ computational toolkit pre-
dicted half-maximal inhibitory concentrations of
common antineoplastic agents from the Genom-
ics of Drug Sensitivity in Cancer (GDSC) data-
base (https://www.cancerrxgene.org/) to assess

pharmacological responsiveness differences
across prognostic strata.

Statistical Analysis

Statistical significance was set at P<0.05 un-
less specified in other cases stated. Statistical
computations were conducted using R 4.1.3. Pear-
son correlation analysis calculated correlation
coefficients, with log-rank statistics determined
KM survival plot statistical significance. The
“heatmap” R package created a heatmap. Cox pro-
portional hazards modeling with univariate and
multivariable adjustments, using SPSS version 25,
identified independent prognostic factors. Statis-
tical visualisation was performed using GraphPad
Prism v9.0 to produce forest diagrams.

RESULTS

Differentially Expressed Disulfideptosis-
related Genes in UCEC

The study flowchart is presented in Figure
1. The researchers analysed ten disulfide stress-
associated genetic factors in 554 UCEC samples
and 23 normal tissue samples. The analysis re-
vealed that 6 genes (GYS1, NCKAP1, NDUFA11,
NUBPL, OXSM and RPN1) that showed signifi-
cant differential expression, while LRPPRC,
NDUFS1, SLC3A2, and SLC7A11 did not show
significant differences between UCEC and normal
tissue samples (Fig. 2A-J: Fig. 2A for GYS1, Fig. 2B
for LRPPRC, Fig. 2C for NCKAP1, Fig. 2D for ND-
UFA11, Fig. 2E for NDUFS1, Fig. 2F for NUBPL,
Fig. 2G for OXSM, Fig. 2H for RPN1, Fig. 2I for
SLC3A2, Fig. 2J for SLC7A11). Kaplan-Meier (KM)
curve analysis indicated that abnormal expression
of LRPPRC (Fig. 2L), NDUFA11 (Fig. 2N), and
OXSM (Fig. 2Q) exhibited a correlation with over-
all survival (OS) in the TCGA-UCEC dataset
(P<0.05), whereas the expression of GYS1 (Fig. 2K),
NCKAP1 (Fig. 2M), NDUFS1 (Fig. 2O), NUBPL
(Fig. 2P), RPN1 (Fig. 2R), SLC3A2 (Fig. 2S), and
SLC7A11 (Fig. 2T) showed no significant associa-
tion with OS. Protein abundance protein expres-
sion data from the Human Protein Atlas (HPA) re-
source were served to examine OXSM (Fig. 2U, V)
and LRPPRC (Fig. 2W, X) in UCEC tissues com-
pared to normal tissues. However, no immuno-
histochemical data for NDUFA11 in UCEC tis-
sues were available in the HPA database. The
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evidence indicates disulfideptosis contributes to
pathogenic processes and prognosis of UCEC.

Establishment of the drlncRNA Signature
Prognostic Model

Using criteria with log2-transformed fold
changes exceeding 1 in absolute value and FDR-
controlled p-values below 0.01, the researchers
identified 16,876 TCGA-identified differentially
expressed long noncoding RNAs (lncRNAs).
Pearson’s product-moment correlation revealed
525 disulfideptosis-associated long noncoding
RNAs (lncRNAs). A Sankey diagram further vi-
sualized the correlation between disulfidepto-
sis-related genes and all 660 drlncRNAs identi-
fied in the initial screening (Fig. 3D). The com-
plete cohort was stratified into random subsets
UCEC TCGA-enrolled patients into a training
set and a validation settesting group and con-
ducted LASSO-regularised Cox proportional
hazards modelling in the training cohort. This
analysis additionally screened out the 12 best
DE-drlncRNAs related to prognosis, of which
three were protective factors and nine were risk
factors (Fig. 3B, C). The 12 optimal prognostic-

related DE-drlncRNAs are explicitly listed in Fig.
3A, and a shock plot was used to illustrate their
correlation with disulfideptosis-related genes (Fig.
3E). A survival prediction model composed of four
long noncoding RNA (lncRNA) signatures were
developed through multivariable proportional
hazards model proportional hazards modelling (Fig.
3F). Patient-specific risk scores were computed via
the designated algorithm:

Risk Score = AC139795.2 × (0.516042024432212) +
Z69733.1 × (0.607799707479734) + EMSLR × (0.609578
526049159) + AC020765.2 × (-0.545526642504592).

The clinicopathological features of the UCEC
subjects within both the model development and
validation sets were shown in Table 1.

Evaluation and Validation of drlncRNA
Prognostic Risk Models

The heatmap showed that AC139795.2,
Z69733.1, and EMSLR were hazard factors, while
AC020765.2 was a protective factor for UCEC
prognosis. The Kaplan-Meier analyses demon-
strated markedly inferior outcomes among pa-
tients stratified to the elevated-risk group pa-
tient subgroup shorter versus the low-risk group

Fig. 1. Flowchart of this study
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Fig. 2. Correlation between disulfideptosis-related genes and prognosis of endometrial cancer
A-J: Expression differences of 10 disulfideptosis-related genes in normal tissues and endometrial cancer tissues
K-T: Correlation between high and low expression of the 10 disulfideptosis-related genes in endometrial cancer
tissues and OS prognosis of endometrial cancer
U, V: OXSM immunohistochemical smears of endometrial cancer tissue and normal tissue
W, X: LRPPRC immunohistochemical smears of endometrial cancer tissue and normal tissue

Fig. 3. Establishment of the drlncRNA signature prognostic model
A: 12 best prognostic-related DE-drlncRNAs
B: LASSO coefficients of the 12 best prognostic-related DE-drlncRNAs
C: 10-fold cross-validation for variable selection in the LASSO algorithm.
D: Sankey diagram showing the correlation between disulfideptosis-related genes and all 660 drlncRNAs
E: Shock plot showing the correlation of disulfideptosis-related genes with the 12 best prognostic-related DE-drlncRNAs
F: Regulatory relationship between the four drlncRNAs involved in the prognosis model and disulfideptosis-related
genes



DISULFIDOPTOSIS-RELATED LNCRNA PROGNOSTIC MODEL IN UCEC 137

Int J Hum Genet, 25(3): 132-150 (2025)

cohort, accompanied by markedly shorter over-
all survival (OS), validated during the model de-
velopment phase, testing, and entire dataset.
This was reflected in the risk score distribution
of training group (Fig. 4A), test group (Fig. 4B),
and all patients (Fig. 4C) showing a clear gradi-
ent between high and low risk subgroups; the
OS distribution (Fig. 4D: training group, Fig. 4E:
test group, Fig. 4F: all patients) corresponded
with risk scores, with higher mortality in the high-
risk group; the expression levels of the 4 drlncR-
NAs (Fig. 4G: training group, Fig. 4H: test group,
Fig. 4I: all patients) further confirmed the differ-
ential expression patterns of hazard and protec-
tive factors. Kaplan-Meier survival analysis re-
sults (Fig. 4J: training group, Fig. 4K: test group,
Fig. 4L: all patients) consistently verified short-
er OS in the high-risk group across all cohorts.
These findings demonstrate that the prognostic
model exhibits reliable predictive accuracy sen-
sitivity and predictive ability regarding overall
survival (OS) in UCEC patient cohort.

Kaplan-Meier Survival Analysis of PFS and
Principal Component Analysis (PCA) of the
drlncRNA Risk Model

To elucidate the clinical relevance and pre-
dictive capacity of the drlncRNA signature, Fig-
ure 5 was constructed. Figure 5A displays a for-
est plot from univariate Cox regression, outlin-
ing hazard ratios (HRs) of clinical factors (age,
tumor stage) in relation to overall survival (OS)
in UCEC. Figure 5B presents a multivariate Cox
regression forest plot, adjusting for confound-
ers to identify independent prognosticators.
Time-dependent receiver operating characteris-
tic (ROC) curves were used to gauge predictive
accuracy over time: Figure 5C shows ROC curves
for 1-, 3-, and 5-year OS based on the drlncRNA
signature, with area under the curve (AUC) val-

ues of 0.817, 0.822, and 0.814, respectively; Fig-
ure 5D depicts ROC curves for the same time
points using a combination of the drlncRNA sig-
nature and clinical stage, yielding AUCs of 0.819,
0.818, and 0.819, confirming the model’s strong
predictive performance. Figure 5E illustrates
Kaplan-Meier survival curves comparing OS
across groups stratified by the drlncRNA risk
score (high-risk vs. low-risk) and clinical stage,
revealing notable survival disparities. Figure 5F
combines a calibration plot and risk score distri-
bution, with box plots and density curves show-
ing predicted risk distributions across sub-
groups defined by age, stage, and grade, and
dotted lines marking the median risk cutoff. The
nomogram calibration curve in Figure 5G evalu-
ates the agreement between nomogram-predict-
ed probabilities (for 1-, 3-, and 5-year OS) and
actual observed survival, demonstrating good
concordance. Subgroup analyses by tumor grade
(G1, G2, G3) were also conducted: Figure 5H
shows Kaplan-Meier curves for G1 tumors; Fig-
ure 5I for G2 tumors; and Figure 5J for G3 tu-
mors. These results indicate the drlncRNA sig-
nature can stratify prognosis within grade sub-
groups, particularly in G3 tumors where high-
risk patients have significantly poorer survival.

The Clinical Significance of Prognostic
Models

Multivariate and single-variable Cox regres-
sion validated the autonomous prognostic sig-
nificance pertaining to risk score and histologic
grade prognostic variables influencing overall
survival (OS) in UCEC patients (P<0.001). The
forest plots from univariate (Fig. 6A) and multi-
variate (Fig. 6B) Cox regression illustrate the
hazard ratios of risk score, age, and histologic
grade, confirming the independent prognostic
value of the risk score. The risk score exhibited

Table 1: The clinical and pathological characteristics of the UCEC patients in both the training and testing sets

Covariates Type     Total(n=544)           Test(n=272)              Train(n=272) P value

Age <=65 307 (56.43%) 149 (54.78%) 158 (58.09%) 0.4286
Age >65 235 (43.2%) 123 (45.22%) 112 (41.18%)
Age Unknown 2   (0.37%) 0   (0%) 2   (0.74%)
Grade G1 99 (18.2%) 46 (16.91%) 53 (19.49%) 0.7044
Grade G2 121 (22.24%) 60 (22.06%) 61 (22.43%)
Grade G3 324 (59.56%) 166 (61.03%) 158 (58.09%)
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Fig. 4. Prognostic value of the risk model in different ensembles
A-C: Risk score distribution of drlncRNA-based EC patients in the training group, test group, and all patients
D-F: OS distribution in the training group, test group, and all patients.
G-I: The expression levels of 4 drlncRNAs in the training group, test group, and all patients
J-L: Kaplan-Meier survival analysis of patient OS in the training group, test group, and all patients
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Fig. 5. Kaplan-Meier survival analysis of patient PFS according to the drlncRNA risk model (A) and
principal component analysis of the drlncRNA risk model (B-E)
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Fig. 6 Validation of the clinical significance of pathological models
A: Multivariate Cox regression analysis
B: Univariate Cox regression analysis
C: Multivariate ROC analysis
D: Based on time-dependent ROC analysis
E: C-index analysis
F: Construction of the nomogram.
G: Calibration curve of the nomogram.
H-J: OS K-M survival analysis of high and low risk groups for patients in pathological grades G1, G2,
and G3
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better OS prediction performance than age along-
side histopathological grading, as indicated
through elevated area under the ROC curve
(AUC) metrics in multivariate and time-depen-
dent ROC analyses (Fig. 6C, D). The prognostic
index also showed good consistency in predict-
ing the OS of UCEC patients, indicated by high-
er C-index values than age and pathological grade
(Fig. 6E). A nomogram combining the risk score
with various clinical pathological information
predicted the OS of UCEC patients (Fig. 6F), and
the calibration curve showed high accuracy in
predicting survival rates (Fig. 6G). Stratified anal-
ysis of the elevated risk group demonstrated
markedly reduced overall survival outcomes
within the pathological grade G3 subgroup
(P=0.004) (Fig. 6H-J).

Enrichment Analysis of Functions and Pathways

Gene ontology (GO) annotations set enrich-
ment assessment revealed that the gene sets
demonstrated significant enrichment within mo-
lecular functions such as signal receptor bind-
ing receptor-mediated signalling, ligand-binding
functionality and microtubule binding. Enrich-
ments were also found in cellular components
like the fibrous extracellular matrix with collagen
components, antigen-binding immunoglobulin
assemblies and synapses between neurons, and
in biological processes such as axonogenesis,
pattern specification process, synaptic organi-
sation, and localisation (Fig. 7A-D). Pathway-
based functional enrichment analysis revealed sig-
nificant enrichments in KEGG annotated pathways,
and the gene sets showed significant enrichment
in biological pathways associated with axonogen-
esis, synaptic organisation, localisation, and pat-
tern specification process (Fig. 7E-G). Gene set
enrichment analysis (GSEA) did not show statisti-
cally overrepresented signaling cascades within
either the elevated-risk group cohort versus the
minimal-risk counterpart (Fig. 7H-J).

Analysis of Immune Cell Infiltration and TIDE

The researchers juxtaposed proportions per-
taining to 13 immune parameters cell functions
and quantified 22 immune cell infiltration pat-
terns across high-risk versus low-risk cohorts.
Several immune cell functions, such as II inter-

feron response, immune checkpoints, T lympho-
cyte activation pathways, T cell suppressive sig-
nalling, and pro-inflammatory effects, were more
significant among the low-risk group. Conversely,
the elevated-risk group subgroup demonstrat-
ed higher significance for I interferon response
and I major histocompatibility complex (Fig. 8A).
Applying the CIBERSORT method, the research-
ers identified distinct infiltration percentages of
immune cells: the elevated-risk group cohort ex-
hibited elevated levels of macrophages, particu-
larly M2-polarised subsets, along featuring ele-
vated levels of activated dendritic cell subsets,
while the infiltration rate of plasma cells, CD8+ T
cells, immunosuppressive Treg lymphocytes and
quiescent dendritic cells was higher among the
low-risk group (Fig. 8B). Pearson correlation
analysis showed that the infiltration values of
M1-polarised macrophages (M1) (Fig. 8G), M2-
polarised macrophages (alternative activation)
(Fig. 8H), activated dendritic cells (Fig. 8I), and
monocytes demonstrated a robust positive as-
sociation with the risk stratification index
(p<0.05), whereas plasma cells (Fig. 8C), CD8+ T
cells (Fig. 8D), regulatory T cells (Tregs) (Fig.
8E), and quiescent dendritic cells (Fig. 8F) ex-
hibited significant inverse associations (Fig. 8J
for integrated correlation analysis). The TIDE
database indicated that TIDE potential demon-
strated a marked reduction among the elevated-
risk group individuals as opposed to those in
the low-risk category (Fig. 8K).

Tumor Mutational Burden Analysis

As shown in Figures 9A and 9B, the top five
most frequent genetic mutations, exhibited sig-
nificant intergroup variability. TP53, PTEN,
PIK3CA, ARID1A, and TTN had higher muta-
tion rates within the elevated-risk group cohort,
PTEN, PIK3CA, ARID1A, TTN, and PIK3R1 had
elevated mutation rates in the low-risk cohort.
Patients with low tumour mutation burden (TMB)
within the elevated-risk group cohort exhibited
the shortest OS (P<0.001) (Fig. 9C), with elevat-
ed tumour mutational burden correlating to ex-
tended overall survival among all UCEC patients
(P<0.001) (Fig. 9D). Additionally, the elevated-
risk group exhibited a marked elevation in tu-
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Fig. 7. GO and KEGG enrichment analysis
A-D: GO enrichment analysis
E-G: KEGG enrichment analysis
H-J: GSEA enrichment analysis
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Fig. 8. Analysis of immune cell infiltration and immune escape potential
A: Differences in immune cell function between high and low risk groups
B: Difference in the proportion of immune cell infiltration between high and low risk groups
C-J: Correlation analysis of regulatory Tregs, T cells CD8, plasma cells, monocytes, macrophages M2,
macrophages M1, resting dendritic cells, and activated dendritic cells infiltration in EC tissues and
risk score
K: Difference analysis of tumour immune escape potential between high and low risk groups
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Fig. 9. Tumour mutational burden analysis
A, B: Waterfall diagram of mutant genes in low-risk and high-risk groups
C: Kaplan-Meier survival curves for OS stratified by TMB and risk score
D: Kaplan-Meier survival curve of OS stratified by TMB
E: Differences in TMB between high and low risk groups
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mour mutational burden (TMB) relative versus
the low-risk cohort (P=0.008) (Fig. 9E).

Antineoplastic Drug Sensitivity Prediction
Using Risk Score

UCEC significant intergroup disparities dif-
ferences presented among high-risk versus low-
risk patient cohorts sensitivity to 75 drugs
(P<0.001). Individuals within the elevated-risk
cohort exhibited an elevated probability of be-
ing sensitive to sarubulin and phenformin, while
those individuals within the low-risk cohort dem-
onstrated an elevated propensity for respond to
Bryostatin-1, BX-912, cyclospirulina, dasatinib,
etoposide, bleomycin, ecoteron B, rullotinib,
saratinib, sunitinib, lipoic acid, tipifarnib, and
other 73 drugs (Fig. 10).

DISCUSSION

According to an investigation by Liu et al.
(2022) ten disulfide-related genes, involving gly-
cogen synthase 1 (GYS1), leucine-rich pentatri-
copeptide repeat-containing protein (LRPPRC),
NCK-associated protein 1 (NCKAP1), NADH
dehydrogenase (ubiquinone) Fe-S protein 11
(NDUFA11), NADH dehydrogenase (ubiquino-
ne) Fe-S protein 1 (NDUFS1), nucleotide-bind-
ing protein-like (NUBPL), 3-oxoacyl-[acyl-carri-
er-protein] synthase (OXSM), ribophorin I
(RPN1), solute carrier family 3 member 2
(SLC3A2), and solute carrier family 7 member 11
(SLC7A11), are linked to the process of disul-
fide stress-induced cell death. The present study
found that six of these genetic loci including
GYS1 (glycogen synthase), NCKAP1 (cytoskel-
etal regulator), NDUFA11 (mitochondrial com-
plex I subunit), NUBPL (iron-sulfur cluster assem-
bly factor), OXSM (fatty acid synthase compo-
nent), and RPN1 (proteasome-associated protein),
showed significant differences in expression be-
tween UCEC samples and normal tissues. KM
curves indicated that abnormal expression of LRP-
PRC, NDUFA11 and OXSM in the TCGA-UCEC
dataset was associated with OS.

GYS1 encodes glycogen synthase, an en-
zyme crucial for glycogen synthesis in the liver
and muscle (Gotoh et al. 2022). Xiaoguang Liu et
al. (2023) identified GYS1 and various genes in-

volved in mitochondrial electron transport chain
(NDUFS1, NDUFA11, NUBPL, and LRPPRC) as
top synergistic genetic factors, whose inactiva-
tion synergistically induces cell death with glu-
cose starvation. Another study found that treat-
ment with endometrial bleeding-associated fac-
tor LEFTY2 markedly upregulated GYS1 mRNA
expression and protein abundance in UCEC cell
lines Ishikawa and HUCEC1a. In Ishikawa cells,
both glucose uptake and glycogen levels exhib-
ited notable elevations, effects not observed in
benign human endometrial cells (Zeng et al.
2020). In the current study, GYS1 was upregulat-
ed in UCEC but not related to OS. The research-
ers speculate that high GYS1 expression in UCEC
may promote glycogen content upregulation,
inhibiting disulfideptosis and potentially serv-
ing as a critical driver in endometrial carcinoma
pathogenesis. The NCKAP1 gene encodes a
protein implicated in the reorganisation of the
cytoskeleton and cellular locomotion, with vary-
ing prognostic implications in different cancers.
High NCKAP1 expression shows a correlation
with unfavourable outcomes in colon malignant
neoplasm (Kwon et al. 2023) and breast cancer,
where it stabilises the WASF3 complex, promot-
ing metastasis (Teng et al. 2016). Conversely, in
HCC, NCKAP1 improves prognosis by enhanc-
ing Rb1/p53 activation and functions as an in-
hibited predictive biomarker in clear cell renal
carcinoma (Chen et al. 2022a; Zhong et al. 2019).
The study found NCKAP1 downregulated in
UCEC but not related to OS. According to
Xiaoguang Liu et al. (2023), NCKAP1 loss re-
duced protein levels of other WRC components
in SLC7A11 high-expressing cells, inhibiting dis-
ulfideptosis. The researchers speculate that low
NCKAP1 expression in UCEC may disrupt WRC,
inhibiting disulfideptosis in UCEC cells. The
NDUFA11 gene, encoding a mitochondrial com-
plex I subunit, is associated with various can-
cers. Down-regulation of NDUFA11 is linked to
breast cancer (Lin et al. 2022). The current study
found NDUFA11 upregulated in UCEC and as-
sociated with poor OS prognosis. LRPPRC is a
multifunctional gene involved in mRNA transla-
tion and mitochondrial energy metabolism (Cui
et al. 2019). Studies have shown that LRPPRC
knockdown reduces apoptosis resistance, inva-
sion, and colony development in lung adeno-
carcinoma and Hodgkin lymphoma cells (Tian et
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Fig. 10. Prediction of sensitivity of risk score to chemotherapy drugs by IC50 value
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al. 2012), and facilitates programmed cell death
in androgen-insensitive prostate carcinoma cells
(Zhang et al. 2019). High LRPPRC expression is
linked to poor prognosis in UCEC (Miao et al.
2021). The study confirmed where elevated LR-
PPRC expression correlates with unfavourable
overall survival in UCEC, though no significant
difference was observed between UCEC and
normal tissues. NUBPL was found to be lowly
expressed in UCEC, with no relation to OS. Yu-
hui Wang et al. (2017) identified NUBPL as a
gene implicated in metastasis promoting colon
cancer cell metastasis via epithelial-mesenchy-
mal transition. OXSM, encoding a β-ketoacyl
synthase, plays a role in mitochondrial fatty acid
elongation. High OXSM expression is associat-
ed with poor prognosis in oral squamous cell
carcinoma (Zhang et al. 2022). The investigation
revealed elevated OXSM expression in UCEC,
correlating with poor OS prognosis. RPN1, within
the oligosaccharyltransferase (OST) complex,
serves critically pertaining to N-glycan biosyn-
thesis. Jiajun Ding et al. (2021) found RPN1 am-
plified in breast carcinoma, with elevated expres-
sion linked to poorer prognosis. RPN1 knock-
down curtailed the growth and infiltration of
mammary carcinoma cells while promoting pro-
grammed cell death through ER stress. This in-
vestigation found RPN1 highly expressed in
UCEC, though not significantly correlated with
OS prognosis.

The researchers used 544 TCGA database
samples containing comprehensive clinical data
coupled with transcriptomic sequencing infor-
mation to evaluate and determine the levels of
disulfideptosis-associated lncRNAs within
UCEC patients and forecast OS. Via the utilisa-
tion of LASSO coupled with multivariable sur-
vival analysis analyses, the researchers identi-
fied four disulfideptosis-associated lncRNAs,
developing a predictive model using their char-
acteristics. Based on risk scores, subjects were
categorised as minimal-risk and elevated-risk
cohorts, and Kaplan-Meier estimates showed
significantly shorter OS for the elevated-risk
cohort. ROC curve analysis demonstrated the
model’s accuracy, validated on test and entire
sets, suggesting the prognostic index serves as
a standalone prognostic factor for overall sur-
vival (OS). A comprehensive diagnostic model
including risk score, age, and pathological grade

performed well in predicting OS, with calibration
curves showing good agreement between actu-
al and predicted OS times. The researchers’
disulfideptosis-related lncRNA (drlncRNA) sig-
nature includes RAC139795.2, Z69733.1, AC0207
65.2,  and EMSLR. AC020765.2, an autophagy-re-
lated lncRNA, acts as a protective element in non-
small cell lung carcinoma (Hu et al. 2022). EMSLR,
an oncogenic lncRNA, mediates aggressive can-
cer phenotypes and affects cell cycle progression
(Hegre et al. 2021; Priyanka et al. 2022). EMSLR
expression demonstrates a correlation with un-
favourable outcomes in muscle-invasive bladder
cancer and UCEC (Jiang et al. 2022; Zhou et al.
2022). The findings support the tumour-suppres-
sive role of AC020765.2 and the promoting role of
EMSLR in UCEC. For the other two lncRNAs, no
relevant tumour research exists, providing new
perspectives for further improving OS prediction
in UCEC and exploring disulfideptosis-UCEC
mechanisms.

The tumour microenvironment (TME) signif-
icantly impacts cancer progression (Quail and
Joyce 2013; Wood et al. 2014), comprising host
and cancer cell components (Anderson and Si-
mon 2020; Baghban et al. 2020). Using the R
packages GSVA and GSEAbase, the researchers
assessed immune cell infiltration disparities be-
tween high- and low-risk groups and investigat-
ed the association between risk score and im-
mune function. High-risk group patients dem-
onstrated elevated infiltration rates of M1 and
M2 macrophages alongside activated dendritic
cells, whereas plasma cells, CD8+ cytotoxic T
lymphocytes (CTLs), Tregs, and dormant den-
dritic cells exhibited elevated infiltration levels
within the low-risk cohort. High-risk patients had
higher immune function escape potential. Tu-
mour-associated macrophages (TAMs) serve as
key TME components (Anderson and Simon
2020; Hao et al. 2012; Sun 2016). In UCEC tissue,
M1 macrophages provide pro-inflammatory re-
sponses, while M2 macrophages support the
tumour immunosuppressive microenvironment
(Dilara Fatma and Özkan 2023; Doran et al. 2020;
Pantano et al. 2013; Zhou et al. 2020). Tregs and
dendritic cells (DCs) in the TME inhibit each
other (Sakaguchi et al. 2020; Wang et al. 2020;
Yang et al. 2017). Higher CD8+ T cell infiltration
is an independent predictor of improved OS
(Jiménez-Sánchez et al. 2023). The results sug-
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gest potential mechanisms activating DCs and
inhibiting Tregs in high-risk patients, reducing
tumour immune escape potential, and implying
that immunotherapy may yield greater efficacy
in high-risk patient cohorts. Significant genetic
mutation discrepancies existed among the two
groups, with low TMB in high-risk patients as-
sociated with shorter OS. TP53 and PTEN had
the highest mutation rates in the high-risk co-
hort and low-risk subsets, respectively. TP53
represents an extensively researched tumour
suppressor crucial for genome stability (Bala-
burski et al. 2010; Bernard et al. 2020; Dong et al.
2017; Sabapathy and Lane 2018; Sasaki et al.
2023). PTEN regulates metabolic processes to
maintain cellular homeostasis (Chen et al. 2018;
Lacroix et al. 2020; Trotman and Pandolfi 2003),
with PTEN mutations linked to better survival
and TP53 mutations to poor survival in UCEC
(Srivastava and Vinod 2023). The study showed
the best OS prognosis in high-TMB individuals
classified as low-risk, aligning with previous re-
search. The elevated tumour mutational burden
among high-risk individuals supports using the
risk model for individualised UCEC treatment.

There were also certain constraints within
the study. The drlncRNA prognostic model was
solely developed and verified utilising the TCGA
dataset, requiring further independent verifica-
tion. Secondary evaluation of openly accessi-
ble datasets may introduce sampling prejudice.
Disulfideptosis is newly defined, needing more
research to explore related genes, pathways, and
mechanisms. Experimental validation is neces-
sary to investigate drlncRNA regulation in EC
progression and invasion.

In conclusion, the study identified prognos-
tic indicators derived from risk score factor, re-
vealing substantial variations in tumour-infiltrat-
ing lymphocyte patterns and mutational burden
across risk strata. These results offer novel perspec-
tives on disulfideptosis’s function in UCEC and of-
fer new avenues for personalised therapeutic ap-
proaches.

CONCLUSION

This study identified a predictive framework
integrating four disulfideptosis-associated long
noncoding RNAs that effectively predicts prog-
nostic outcomes in patients with endometrial

carcinoma of the uterine corpus (UCEC). High-
risk patients classified by the model showed
shorter survival, higher tumour mutation bur-
den, and distinct immune cell infiltration patterns,
including increased macrophage and dendritic
cell infiltration. The model, combined with clini-
cal features, enhances prognostic accuracy and
provides insights into disulfideptosis-related
mechanisms in UCEC.

RECOMMENDATIONS

Future studies should validate this prognos-
tic model using external cohorts to confirm its
generalisability. Experimental investigations are
needed to clarify the functional roles of the four
drlncRNAs in disulfideptosis and UCEC progres-
sion. Additionally, exploring targeted therapies
based on the identified immune microenviron-
ment differences could improve personalised
treatment for UCEC patients.
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