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Background: Endometrial cancer (EC) is a kind of common gynecological tumor. Further study on the
markers related to the prognosis of endometrial cancer is important for women worldwide.

Methods: The Cancer Genome Atlas (TCGA) database was used to obtain the transcriptome profiling
and clinical data. A model was built using packages based on R software. Immune-related databases were
employed to analyze the infiltration of immunocytes. Quantitative real-time PCR (qRT-PCR), cell counting
kit-8 (CCK-8), and transwell assays were utilized to investigate the role of CFAP58-DT in EC.

Results: Following Cox regression analysis, 1,731 ferroptosis-related long non-coding RNA (IncRNA)
were screened, and a 9-related IncRNA prognostic model was constructed. Patients were classified as high-
and low-risk according to their expression spectrum. Kaplan-Meier (KM) analysis showed that the prognosis
of low-risk patients was poor. Operating characteristic curves, decision curve analysis, and a nomogram
suggested the model could independently guide prognostic evaluation, with higher sensitivity, specificity, and
efficiency than other common clinical characteristics. Gene Set Enrichment Analysis (GSEA) was conducted
to determine the enriched pathways among the two groups and evaluation of the immune-infiltrating
conditions were performed to help improve immune therapy. Finally, we conducted cytological studies on
the model’s most important indicators.

Conclusions: Overall, we identified a prognostic ferroptosis-related IncRNA model based on CFAPS58-
DT for predicting the prognosis and immune-infiltrating conditions in EC. We concluded that the potential
oncogenic role of CFAP58-DT can further guide immunotherapy and chemotherapy.
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Introduction increasing in recent years and is affecting younger patients
In 2021, there were 66,570 estimated new cases and 12,040 (2,3). Geriatric patients, late-stage, or poorly differentiated
estimated new deaths recorded in the United States, patients have a worse prognosis. However, approximately
making endometrial cancer (EC) one of the most common 20% Of patients eXhlblt low—risk pathological results (4)
gynecological tumors (1). The incidence of EC has been Currently, there are limitations in evaluating the risk of
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recurrence and metastasis and formulating treatment
plans solely based on pathology, resulting in excessive or
insufficient treatment. Therefore, further study on the
markers related to the prognosis of EC is important for
women worldwide.

Ferroptosis refers to iron-dependent programmed
cell death, with morphological, biochemical, and genetic
features (5-7), which leads to a decrease in mitochondria
and cristae and an increase in membrane density. The
nucleus exhibits no obvious morphological changes.
Ferroptosis is characterized by increased lipid peroxidation
and reactive oxidative species (ROS) in the cell. Some
characteristic genes, including glutathione peroxidase
4 (GPX4), glutathione synthetase (GSS), and acyl-CoA
synthetase long chain family member 4 (ACSL4), are
also altered. Ferroptosis is involved in a series of cancer
processes, including diagnosis, prognosis, carcinogenesis,
cancer resistance, and treatment of hepatocellular carcinoma
(8-10), renal cell carcinoma (11-13), glioma (14-16), ovarian
cancer (17-19), and so on. Furthermore, drugs such as
quercetin, simvastatin and amentoflavone, as well as genes
including CircRAPGEFS5, protein tyrosine phosphatase
non-receptor type 18 (PTPN18) and tyrosine kinase (ELKI)
Oncogene participated in regulation of ferroptosis and
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thus played a role in EC (20-26). What’s more, ferroptosis
plays an important role in anti-tumor immunity. TLR2 on
macrophages eliminates ferroptosis cells by recognizing
phosphatidylethanolamine on ferroptosis cells, neutrophils
maintain the inflammatory reaction after iron death in
relevant tissues, and CD8" T cells kill cancer cells by
stimulating ferroptosis (27).

Long non-coding RNA (IncRNA) are non-coding RNAs
that are over 200 nucleotides in length; they do not encode
proteins but regulate gene expression (28,29). Compelling
evidence has been presented that IncRNAs play a crucial
role in various tumors (30,31). For instance, the IncRNA
OIP5-AS1 exerts an inhibitory effect on the progression
of EC via modulation of the PTEN/PI3K pathway (32).
Additionally, certain IncRNAs may even serve as predictive
factors that are strongly correlated with the prognosis of
EC patients (33). Notably, IncRINAs have been established
to play a pivotal role in the tumor microenvironment
(TME) (34). For instance, the upregulation of the IncRNA
MALATT1 contributes to survival, proliferation, and
migration in the ovarian TME via cell apoptosis (35). The
IncRNA KRT19P3 prevents breast cancer progression
via immune pathways, thereby reducing programmed cell
death 1 ligand 1 (PD-L1) expression and enhancing cluster
of differentiation (CD) 8" T cell expression (36). Moreover,
as a crucial feature of the TME, hypoxia activates the
IncRNA HABON and prolongs the survival of liver cancer
tissues through the inhibition of necroptosis (37). Besides,
there was a report saying that the signature composed of
11 ferroptosis-related IncRNAs accurately predicted the
prognosis of ovarian cancer patients (38). However, the
ability of ferroptosis-related IncRNAs to predict prognosis
and guide treatment has not been investigated exhaustively.

Therefore, we utilized the machine learning method
to analyze The Cancer Genome Atlas (TCGA) data
and constructed a model of ferroptosis-related IncRNA
(FerlncRNA) to predict the survival time of EC patients
and determine the underlying connection with the TME.
CFAPS58-DT is an RNA Gene, and is affiliated with the
IncRNA class. And there were few studies in roles of
CFAP58-DT in cancers. We also employed in vitro cell
experiments to verify the effects of CFAP58-D'T; the model’s
key IncRNA, on cell viability and migration. We present
the following article in accordance with the TRIPOD
and MDAR reporting checklists (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-6659/rc).
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Figure 1 Study flow diagram. TCGA, The Cancer Genome Atlas; mRNA, messenger RNA; IncRNA, long non-coding RNA; FerrRNA,
ferroptosis related differentially expressed RNA; FerrlncRNA, ferroptosis related differendally expressed IncRNA; GO, Gene Ontology;
KEGG, Kyoto Encyclopedia of Genes and Genomes; KM, Kaplan-Meier; ROC, receiver operating characteristic; GSEA, Gene Set

Enrichment Analysis; DCA, decision curve analysis; CCKS8, cell counting kit 8.

Methods

The entire data analysis process is depicted in Figure 1.

Data acquisition and tissue collection

Patients who were pathologically diagnosed with uterine
corpus endometrial carcinoma (UCEC) up to October 24",
2022 were enrolled and their messenger RNA (mRNA)
expression and clinical data were obtained from TCGA
database (https://portal.gdc.cancer. gov/repository). After
removing cases with incomplete clinical information, 526
UCEC patients and 23 patients with normal endometrial
tissues remained. Next, we downloaded the GTF files from
Ensembl (http://asia.ensembl.org) to distinguish mRNAs
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and IncRNAs. A total of 382 ferroptosis-related genes
were received from the FerrDb database (http://www.
zhounan.org/ferrdb/) for the co-expression analysis of the
ferroptosis-related IncRNAs (gene correlation coefficients
>0.4 and P<0.001). The study was conducted in accordance
with the Declaration of Helsinki (as revised in 2013).

Differentially expressed gene (DEG) analysis

The “limma” R package in R software (R 4.2.0, USA) was
employed to search for differentially expressed ferroptosis-
related genes and IncRNAs (DEFRGs and DEFerlncRNAs)
between the tumor and normal tissues. The Wilcoxon

signed-rank test was performed to screen the DEFRGs and
DEFerlncRNAs [false discovery rate (FDR) <0.05].
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Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) functional enrvichment

The “clusterProfiler” R package was employed to perform
GO and KEGG pathway analyses of the DEFRGs. The
“ggplot2” R package was applied to visualize the the top
enriched pathways (P<0.05).

Construction and confirmation of the prognostic model of
DEFerincRNA

Univariate Cox analysis was conducted to initially screen
DEFerIncRNA related to survival after Benjamini &
Hochberg (BH) correction (P<0.001). Least absolute
shrinkage and selection operator (LASSO) analysis via the
“elmnet” R package was applied to minimize the deviance with
a 10-round cross-validation. Then, multivariate Cox analysis
was performed to correct and obtain the corresponding
coefficient of each gene. We then calculated the risk score
(score = sum of products of expression level of each gene
and corresponding coefficient) according to the references
(39,40). and patients were divided into high- and low-risk
groups according to the median risk score value. The “Rtsne”
R package was used to calculate the expression spectrum and
group the patients. Moreover, principal components analysis
(PCA) was conducted using the “stats” package. Kaplan-
Meier (KM) analysis was performed using the “survive” and
“survminer” packages to illustrate the prognostic differences
between the two groups. The “survivalROC” package was
utilized to draw the receiver operating characteristic (ROC)
curves at multiple time points.

Clinical evaluation of the prognostic model of DEFerincRNA

The relationship between the risk score and clinical
indicators was analyzed by univariate and multivariate
Cox regression analyses to evaluate the model’s diagnostic
performance. The “limma” and “ggupbr” packages were
applied to draw forest maps. Using the “ComplexHeatmap”
R software package, the Chi-square test was used to
analyze the relationship between the model and clinical
indicators. Patients aged <60 years old were grouped, and
the remaining patients were placed in the other group.
Moreover, patients with stages I, II, III, and IV were in
four groups, while patients with grades 1, 2, and 3 were in
three groups. The Wilcoxon signed-rank test was utilized
to compare the group risk score differences of these clinical
indicators. The ROC curves were applied to assess the
sensitivity and specificity of the model. Decision curve
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analysis (DCA) was performed to integrate the preferences
of patients or decision-makers into the analysis to meet
the needs of clinical decision-making (41). A nomogram
was constructed based on the model to predict the overall

survival (OS) of UCEC patients at 1, 3, and 5 years.

GSEA of the prognostic model of DEFerlncRNA

Gene Set Enrichment Analysis (GSEA) software
(GSEA_4.0.3, USA) was applied for the c2.cp.kegg.
v.7.2.symbols.gmt gene sets to comprehend the enriched
pathway differences with FDR <0.25 and nominal (NOM)
P<0.05 after 1,000 permutations in the high-risk versus low-
risk groups.

Evaluation of the immune-infiltrating condition of the
prognostic model of DEFerlncRNA

Immune-related databases were used to analyze the
immune-cell characteristics in patients with different risk
scores by Spearman correlation analysis (P<0.05). The
“gsva” R package compared the normalized gene expression
data with the gene sets possessing common biological
functions, chromosomal localization, and physiological
regulation in single sample Gene Set Enrichment Analysis
(ssGSEA) (42). The differences in 16 types of immune cells
and 13 immune-related functions between the high- and
low-risk groups were determined.

Cell culture and siRNA transfection

HEC-1A and Ishikawa cell lines were purchased from
Procell (Wuhan, China). The cells were cultured in
McCoy’s 5SA and Roswell Park Memorial Institute (RPMI)
1640 medium (VivaCell Biosciences Ltd., Shanghai,
China) supplemented with 10% Fetal Bovine Serum (FBS)
(Procell, Wuhan, China) in a 37 °C, 5% carbon dioxide
(CO,) incubator. Small-interfering-RINA(SiRNA) targeted
CFAPS58-DT were ordered from GenePharma (Suzhou,
China), and the following sequences were used: si-CFAP58-
DT#1 (sense: GGUUGAUGAAUAAAUGCAATT; anti-
sense: UUGCAUUUAUUCAUCAACCTT), si-CFAP58-
DT#2 (sense: GGUGCAGAGCUUAAGGCAUTT; anti-
sense: AUGCCUUAAGCUCUGCACCTT), negative
control (NC) (sense: UUCUCCGAACGUGUCACGUTT;
anti-sense: ACGUGACACGUUCGGAGAATT). Green
fluorescent protein (GFP)-transfect-mate (GenePharma,
Suzhou, China) was used for transfection.
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RNA extraction and quantitative rveal-time PCR (qRT-PCR)

Total cell RNA was extracted by the Trizol (Takara Bio,
Kusatsu, Japan) method followed by reverse transcription
using the PrimeScript™ RT reagent Kit with a genomic
DNA (gDNA) Eraser (Perfect Real Time; Takara Bio,
Shiga, Japan). qRT-PCR was performed using the ABI
7500 Fast system with the ChamQ Universal SYBR
qPCR Master Mix (Vazyme Biotech Co., Ltd., China).
The primer sequences used were as follows: CFAP58-
DT (forward: GGGCATCTACCACACTTCACTTCC;
reverse: GGACCACGGACAAAGACGATCATG),
glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
(forward: CAGGAGGCATTGCTGATGAT; reverse:
GAAGGCTGGGGCTCATTT). LncRNA expression was
calculated using the 27*“ method relative to GAPDH.

Transwell assay

Eight-pm-pore Transwell chambers coated with or without
Matrigel (BD, San Diego, USA) (Corning, NY, USA) were
used for cell invasion and migration detection. 600 pL of
complete medium was added into the lower chamber of
the 24-well plate, and the chambers were then placed in
the plate, 200 L (1.0x10* cells/200 pL. for migration and
3.0x10* cells for invasion) of cell suspension were taken into
the upper chamber and finally placed into the incubator
for 24 h. After 24 h, 4% paraformaldehyde was applied for
30 minutes for fixing and 0.1% crystal violet was used for
20 min for staining. Cells were observed in five visual fields
under a 200x microscope (Nikon, USA) and counted.

Cell viability assay

The cell suspension [100 pL (3,000 cells)/hole] was
inoculated and the culture plate was placed in the incubator
for pre-culture (37 °C, 5% CO,). Ten pL of cell counting
kit (CCK) solution (Procell, Wuhan, China) was then
added to each hole. The culture plate was incubated in
the incubator for 2 h and the absorbance was measured at
450 nm using a microplate reader (TECAN, Switzerland).

Statistical analysis

Statistical analysis was conducted using the R package
and GraphPad Prism 9 software (La Jolla, CA, USA).
All experiments were repeated three times. Variance
homogeneous and normal distributed continuous variables
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were analyzed using the unpaired student’s #-test, otherwise,
the Mann-Whitney U-test or Kruskal-Wallis H-test was
used. DEGs were screened by a Wilcoxon signed-rank test
(false discovery rate, FDR <0.05), and BH corrections were
used to adjust p values. The relationship between IncRNA
and clinicopathological characteristics were evaluated using
logistic regression analyses and a heatmap graph. P<0.05
was considered statistically significant.

Results
Patients included in TCGA database

Patients who were pathologically diagnosed with UCEC
up to October 24™, 2022 were enrolled in this study, and
their mRNA expression and clinical data were obtained
from TCGA database (https://portal.gdc.cancer. Gov/
repository). After removing cases with incomplete clinical
information, 526 UCEC patients and 23 patients with
normal endometrial tissues remained. The UCEC patients’
details are shown in https://cdn.amegroups.cn/static/public/
atm-22-6659-1.xlsx.

Differentially expressed FRGs and FerlncRNA analysis

The expression data were obtained from TCGA database
and annotated with Ensembl GTF files. Correlation
analysis of the ferroptosis-related gene and IncRNA was
performed, yielding 1,731 FerlncRNAs (available online:
https://cdn.amegroups.cn/static/public/atm-22-6659-1.xlsx).
A total of 1,404 DEFerIlncRNAs (available online: https://
cdn.amegroups.cn/static/public/atm-22-6659-1.xlsx) were
identified, among which 608 were down-regulated and 796
were up-regulated. Also, 209 of 382 ferroptosis-related
genes were found to be differently expressed in tumor and
normal tissues (available online: https://cdn.amegroups.cn/
static/public/atm-22-6659-1 .xlsx).

GO and KEGG functional enrichment of DEFRGs

According to the GO analysis, DEFRGs were enriched
in response to oxidative stress, chemical stress, starvation,
external stimulus, autophagy, autophagosomes, and
antioxidant activity (Figure 2A, available online: https://cdn.
amegroups.cn/static/public/atm-22-6659-1.xlsx). Apoptosis,
autophagy, ferroptosis, cellular senescence, forkhead box
O (FoxO) signaling, central carbon metabolism in cancer,

ROSs, hypoxia inducible factor 1 (HIF-1) signaling, PD-
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Figure 2 Functional enrichment of DEFRGs. (A) GO and (B) KEGG analyses of DEFRGs. DEFRGs, differentially expressed ferroptosis-
related genes; GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, biological process; CC, cell component; ME,

molecular function.

L1 expression, and programmed cell death protein 1 (PD-1)
checkpoint, nucleotide-binding oligomerization domain
(NOD)-like receptor signaling, and the mechanistic target
of rapamycin kinase (mTOR) and epidermal growth factor
receptor tyrosine kinase domain (ErbB) signaling pathways
were among the many common pathways involved in
carcinogenesis (Figure 2B, available online: https://cdn.
amegroups.cn/static/public/atm-22-6659-1 xlsx).
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Construction of the prognostic model of DEFerincRNA

The univariate Cox analysis with a P value <0.001 of
OS screened 20 prognostic DEFerlncRNAs (Figure 3A4).
LASSO regression analysis indicated that 13 DEFerlncRNA
were more significant (Figure 3B,3C), and multivariate
Cox analysis finally confirmed nine DEFerlncRNAs for
constructing the model. The IncRNA in the model was
then investigated through univariate and multivariate
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Figure 3 Construction of the prognostic model of DEFerlncRNA. (A) Univariate Cox analysis of 20 identified prognostic DEFerlncRNAs;
(B,C) LASSO Cox analysis of 13 prognostic DEFRGs; (D,E) univariate and multivariate Cox analyses of the 9 IncRNAs in the model.
DEFerlncRNA, differentially expressed ferroptosis-related IncRNA; IncRNA, long non-coding RNA; DEFRGs, differentially expressed

ferroptosis-related genes; LASSO, least absolute shrinkage and selection operator.

Cox analyses (Figure 3D,3E). The patient’s risk score was
calculated as follows: risk score = expression condition
of AC103563.2 x (0.245115408) + expression condition
of DMI1-AS x (0.256214921) + expression condition of
AC080013.4 x (0.08810844) + expression condition of
LINCO01629 x (0.140964966) + expression condition of
AC009237.15 x (0.062121601) + expression condition of
BOLA3-AS1 x (0.160408677) + expression condition of
RABI11B-AS1 x (-0.149834647) + expression condition of
AC244517.7 x (0.387741188) + expression condition of
CFAP58-DT x (0.772955964). The correlation between
this 9 IncRNAs model and FRGs is displayed in Figure 4.

Confirmation of the prognostic model of DEFerlncRNA

The expression spectrum classified the patients as either
high- or low-risk (Figure 54, available online: https://cdn.
amegroups.cn/static/public/atm-22-6659-1.xlsx). Meanwhile,
we visualized the survival status with an increasing risk
score (Figure 5B). Next, PCA and t-distributed stochastic
neighbor embedding (t-SNE) analyses suggested that the
grouping condition was good (Figure 5C,5D). Furthermore,

© Annals of Translational Medicine. All rights reserved.

KM analysis showed the patients in the low-risk group had a
poor prognosis (Figure SE). The area under the ROC curves
(AUCs) were above 0.7, with the 1-year AUC reaching 0.758
(Figure 5F).

Clinical evaluation of the prognostic model of DEFerlncRNA

The univariate and multivariate Cox analysis including
the clinicopathological characteristics showed that the
DEFerlncRNA prognostic model could be an independent
prognostic index (Figure 6A4,6B). The clinicopathological
characteristics were significantly correlated and had a
positive relationship with the risk score (Figure 74-7D).
Thus, our model can predict the diagnosis to some degree.
In addition, the AUCs of the ROC curves and DCA
indicated that our model was the most efficient (Figure
8A4,8B). The nomogram uniting the model and clinical
features was utilized for survival prediction (Figure 8C).

GSEA of the DEFerincRNA prognostic model

DEGs were employed for GSEA to determine the enriched

Ann Transl Med 2023;11(3):151 | https://dx.doi.org/10.21037/atm-22-6659
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Figure 4 The correlation between IncRNAs in the model and FRGs. LncRNAs, long non-coding RNA; FRGs, ferroptosis-related genes.

pathways among the two groups. DEGs in the low-risk
group were enriched in antigen processing and presentation
(Figure 94), natural killer cell-mediated cytotoxicity (Figure
9B), cell adhesion molecules (CAMs) (Figure 9C), the Janus
Kinase-Signal Transducer and Activator of Transcription
(JAK-STAT) signaling pathway (Figure 9D), the cytosolic
and sensing pathway (Figure 9E), and the apoptosis pathway
(Figure 9F). DEGs enriched in extracellular cell matrix
(ECM) receptor interaction (Figure 9G), focal adhesion
(Figure 9H), and the hedgehog signaling pathway were
found in the high-risk group (Figure 9I).

Evaluation of the immune-infiltrating condition of the
DEFerincRNA prognostic model

We found that patients with high-risk scores had
higher infiltration of immune cells, such as neutrophils,
macrophages, plasma cells, and T cells, using a conjoint
analysis of many well-known immune-related databases
(Figure 10A, available online: https://cdn.amegroups.cn/
static/public/atm-22-6659-1.xlsx). The ssGSEA analysis
indicated that most of the immune cell proportions and
immune functions differed significantly between the two

groups (Figure 10B,10C).

© Annals of Translational Medicine. All rights reserved.

Knockdown of CFAPS8-DT inhibits EC cells’ viability and
migration

CFAPS58-DT exhibited the largest coefficient in the model,
so we further studied the expression of CFAP58-DT of EC
as well as its effect on cell biological behavior. To explore
the roles of CFAP58-DT on the viability, invasion, and
migration of EC cells, we built a downregulated CFAPS58-
DT model in the HEC-1A and Ishikawa cell lines.
Figure 114 displays the knockdown efficiency. The CCK-8
experiments indicated that cell viability decreased following
CFAP58-DT knockdown (Figure 11B,11C). The Transwell
assays demonstrated that the invasion and migration abilities
of the two cell lines were attenuated following CFAP58-DT
downregulation (Figure 11D,11E).

Discussion

Ferroptosis is associated with numerous human processes
and diseases, including tumor inhibition, neuronal
degeneration, the antiviral immune response, and
ischemia-reperfusion injury. Therefore, ferroptosis could
be promoted to eliminate harmful cancer cells and virus-
infected cells, or inhibited to protect healthy cells. It has

Ann Transl Med 2023;11(3):151 | https://dx.doi.org/10.21037/atm-22-6659
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Figure 5 Confirmation of the DEFerlncRINA prognostic model. (A) Risk score and (B) survival status of EC patients; (C) PCA, (D) t-SNE
were applied to study the grouping condition; (E) KM analysis showed that patients in the low-risk group had a poorer prognosis than

those in the high-risk group; (F) ROC curves at multiple time points. DEFerlncRINA, differentially expressed ferroptosis-related IncRINA;

IncRNA, long non-coding RNA; EC, endometrial cancer; PCA, principal components analysis; t-SNE, t-distributed stochastic neighbor

embedding; KM, Kaplan-Meier; ROC, receiver operating characteristic; AUC, area under the ROC curve.

also been reported that ferroptosis plays an important
role in EC (22,43). However, there are no reports on the
DEFerlncRNA model in EC.

Transcriptome profiling in TCGA database and
382 FRGs were screened to differentiate ECs from normal
tumors. Finally, we found that 1,731 FerlncRNA and
209 FRGs were significantly differentially expressed in EC.

Further functional analysis of 209 DEFRGs using GO and
KEGG indicated that these genes were enriched in a variety
of carcinogenic processes. The response to oxidative stress,
autophagy, PD-L1 expression, and PD-1 checkpoint, HIE,
and mTOR signaling pathways are all well-known cancer-
related pathways. Lysosomal stress, as previously stated,
can lead to the inactivation of the mTOR autophagy-

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2023;11(3):151 | https://dx.doi.org/10.21037/atm-22-6659
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related pathway and the nuclear translocation of TFEB
(triggered by transcription factor EB). TFEB dependently
enhances lysosomal proteins and superoxide dismutase
(SOD) expression and then inhibits ROS production and
ferroptosis (44). In addition, a recent study has shown
that tyrosine-protein kinase receptor TYRO3 (TYRO3)
is highly expressed in tumors, inhibiting the ferroptosis of
tumor cells caused by anti-PD-1/PD-L1 and promoting
the formation of the tumor precursor microenvironment
by reducing the M1/M2 macrophage ratio, resulting in
drug resistance to PD-1/PD-L1 treatment (45). Miess et al.
reported in 2018 that the expression level of von hippel-

© Annals of Translational Medicine. All rights reserved.

lindau tumor suppressor (VHL), a regulator of hypoxia-
inducible factors, is related to ferroptosis induction in clear
cell renal cell carcinoma (ccRCC) (46). According to Li ez al.,
FG-4592, as an inhibitor of prolyl hydroxylase of HIF,
activates nuclear factor erythroid 2-related factor 2 (Nrf2)
and decreases ferroptosis in the initial process of folic acid-
induced kidney injury (47). Overall, although ferroptosis is
known to affect cancer cell progression, further exploration
in EC is still needed.

Recently, the relationship between IncRNA and
ferroptosis has been reported. For example, the IncRNAs
MTIDP and LINCO00618 accelerates ferroptosis, while

Ann Transl Med 2023;11(3):151 | https://dx.doi.org/10.21037/atm-22-6659
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the IncRNAs OIP-AS1, RP11-89, and LINCO00336
induce ferroptosis resistance in cancers, highlighting the
importance of FerlncRNA in carcinogenesis (48-52).
Therefore, through Cox regression analysis, 9
DEFerlncRNAs were utilized for model construction in
this study. Also, the conformation and clinical evaluation
of the DEFerIncRNA prognostic model suggested that it
could be an independent prognostic index with improved
sensitivity, specificity, and efficiency in EC. The DEGs
between the two groups were then found to be functionally
enriched in the GSEA and immune characteristics. Using
GSEA software, we identified that antigen processing
and presentation, natural killer cell-mediated cytotoxicity,
CAMs, the JAK-STAT signaling pathway, the cytosolic and

© Annals of Translational Medicine. All rights reserved.

sensing pathway, the apoptosis pathway, ECM receptor
interaction, focal adhesion, and the hedgehog signaling
pathway were all enriched.

The next step was to compare the immune-infiltrating
conditions of the two groups. The results indicated that
most of the immune cell proportions and immune functions
were significantly different between the two groups.
Dendritic cells and T cells were shown to be downregulated
in the high-risk group. To initiate an immune response,
antigen-presenting cells absorb, process, and transmit
ferroptotic cells to T cells, activate T cells, and stimulate
cytokine secretion (5). Although some previous studies have
investigated ferroptosis and immune infiltrating conditions,
further research is still needed to uncover the underlying

Ann Transl Med 2023;11(3):151 | https://dx.doi.org/10.21037/atm-22-6659
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Figure 9 GSEA of the DEFerlncRNA prognostic model. (A-F) Pathways enriched in the low-risk group; (G-I) pathways enriched in the
high-risk group. GSEA, Gene Set Enrichment Analysis; DEFerlncRINA, differendally expressed ferroptosis-related IncRINA; IncRNA, long

non-coding RNA.

mechanism.

Our model’s highest coefficient is CFAP58-D'T; and high
CFAP58-DT expression is related to poor EC outcomes.
So, we explored the effects of CFAP58-DT on the viability,
invasion, and migration of EC cells and discovered that
CFAP58-DT knockdown significantly reduced cell viability,

© Annals of Translational Medicine. All rights reserved.

invasion, and migration abilities of HEC-1A and Ishikawa
cells.

Although we employed machine learning methods to
construct a 9-FerIncRNA model and conducted some
experiments to discover the role of CFAP58-DT in vitro,
our research has significant limitations that should be

Ann Transl Med 2023;11(3):151 | https://dx.doi.org/10.21037/atm-22-6659
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Figure 10 Evaluation of the immune-infiltrating condition of the DEFerlncRNA prognostic model. (A) Heatmap of the immune-

infiltrating cells condition; (B) immune cell proportion, and (C) immune function differences through ssGSEA analysis. ***, P<0.001; **,

P<0.01; *, P<0.05; ns, not significant. DEFerlncRNA, differentially expressed ferroptosis-related IncRINA; ssGSEA, single-sample Gene Set

Enrichment Analysis.

considered. Firstly, since there are no other open databases
with EC-related clinical and survival information, further
efforts in terms of the inclusion, detection, and follow-up
of EC patients are needed to verify the constitution of this
model, and EC needs to be further studied. Lastly, more
experiments are needed to explore the immune conditions
and risk score differences in EC.

© Annals of Translational Medicine. All rights reserved.

Conclusions

In summary, we used machine learning methods to identify
a 9-FerlncRNA (AC103563.2, DM1-AS, AC080013.4,
LINCO01629, AC009237.15, BOLA3-AS1, RAB11B-ASI,
AC244517.7, CFAP58-DT) model including CFAP58-D'T
for the prediction of EC prognosis and immune-infiltrating

Ann Transl Med 2023;11(3):151 | https://dx.doi.org/10.21037/atm-22-6659
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after CFAP58-DT downregulation in the HEC-1A and Ishikawa cell lines; 0.1% crystal violet was used for 20 min for staining. Cells
were observed in five visual fields under a 200x microscope (Nikon, USA) and counted. ****, P<0.0001; ***, P<0.001; ns, not significant.

qRT-PCR, quantitative real-time PCR; OD, optical density; NC, negative control.

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2023;11(3):151 | https://dx.doi.org/10.21037/atm-22-6659



Annals of Translational Medicine, Vol 11, No 3 February 2023

conditions. We also inferred the potential oncogenic role
of CFAP58-DT in EC. However, the model constructed
in this study and the roles of IncRNAs in EC still require
further clinical research. Moreover, the mechanism and
relationship between IncRNAs should also be considered
more closely.
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