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Background: Uterine corpus endometrial carcinoma (UCEC) is a common type of gynecological cancers, second only to cervical 
cancer in incidence. Thus, it is necessary to develop effective therapies and identify biomarkers for its prognosis. Solute carrier family 
7 member 11 (SLC7A11) is well known for its role in maintaining the intracellular glutathione level and preventing oxidative-stress- 
induced cell death. However, the association between SLC7A11 expression and prognosis as well as the correlation between tumor- 
infiltrating immune cells (TIICs) and immunotherapy of UCEC has rarely been reported. This study aims to evaluate the prognostic 
significance and immune cell infiltration level of SLC7A11 in UCEC.
Methods: Bioinformatics analysis tools and databases, including R software, National Center for Biotechnology Information (NCBI), 
The Cancer Genome Atlas (TCGA), GEPIA2, Sangerbox, Kaplan–Meier (K-M) Plotter, TISIDB, and TIMER2, were utilized to 
measure the expression level and clarify the clinical significance of SLC7A11 in UCEC.
Results: SLC7A11 expression was dramatically up-regulated in UCEC patients and associated with prognosis. DNA methylation 
levels in the SLC7A11-promoter region were significantly higher in normal participants than in patients with UCEC. We also showed 
that SLC7A11 overexpression was associated with TIICs, immune checkpoint blockers (ICBs), and immunotherapy response in 
UCEC. The half-maximal inhibitory concentration (IC50) results obtained with the cohort from TCGA showed that Z-VAD-FMK 
(Caspase inhibitor), S-Triphenylmethyl-L-cysteine (S-Trityl-L-cysteine), and TAE684 (ALK inhibitor) had higher IC50 values in low- 
expression patient (p < 0.05).
Conclusion: SLC7A11 overexpression is associated with favorable prognosis of patients with UCEC and is associated with TIICs and 
the responses to immunotherapy.
Keywords: solute carrier family 7 member 11, uterine corpus endometrial carcinoma, prognosis, tumor-infiltrating immune cells, 
bioinformatics analysis

Introduction
Endometrial cancer (EC) is one of the most frequently diagnosed types of gynecological cancers, second only to cervical 
cancer in incidence.1 More than 50,000 women die from EC worldwide each year.2 Despite the development of 
diagnostic techniques and treatment means, the prognosis of advanced EC remains unsatisfactory.3,4 The therapeutic 
methods of EC mainly include surgery, radiotherapy, chemotherapy, and hormonal therapy.5,6 In the past decades, radical 
surgical resection and/or chemotherapy have been widely used for EC treatment.4 However, postoperative recurrence 
following radical resection is the main cause of early mortality of patients with EC.7,8 In the aspect of chemotherapy, 
although the first-line chemotherapeutic drugs for EC, namely, cisplatin and paclitaxel, can effectively inhibit cancer cell 
growth, their application is limited by the chemoresistance of cancer cells.9 In recent years, immunotherapy and targeted 
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therapy have been proved to be more effective and reliable EC treatment methods.10,11 Therefore, identifying new 
therapeutic targets, especially immune-related targets, to slow or even halt disease progression is an urgent priority.

Ferroptosis in tumor cells is described as a cell death mechanism involving the accumulation of iron-dependent reactive 
oxygen species (ROS).12,13 In recent years, ferroptosis has been found to be involved in the tumorigenesis of a variety of 
tumors.14,15 Solute carrier family 7 member 11 (SLC7A11) is well known for its role in maintaining intracellular glutathione 
levels and preventing oxidative-stress-induced cell death, such as ferroptosis. In addition, SLC7A11 is frequently over
expressed in cancers.16 It is the central regulator of ferroptosis, with its reduced expression level being the marker for 
ferroptosis.17 Various studies have shown that the SLC7A11 and SLC7A11-induced ferroptosis are involved in the tumor
igenesis of human tumors, including colorectal cancer,18 gastric cancer,19 hepatocellular carcinoma,20 and lung cancer.21 For 
example, Zhang et al21 uncovered a Uc.339/miR-339/SLC7A11 axis which leads to dysregulation in the ferroptosis in lung 
adenocarcinoma and constitutes an underlying mechanism that drives the tumorigenesis and metastasis of lung cancers. 
However, to our knowledge, the biological effects of SLC7A11 on EC have not been well understood.

In this study, through a bioinformatic study, we visualized the expression and prognostic value of SLC7A11 across 
EC and analyzed its association with immune cell infiltrates and immune biomarkers. In addition, we conducted a data 
mining to systematically explore whether SLC7A11 overexpression is associated with the response of patients with 
cancer to immunotherapy. Finally, we validated the expression level of tumor tissues from UCEC patients for SLC7A11 
with immunohistochemistry staining.

Materials and Methods
Ethics Approval
This study conforms to the principles outlined in the Declaration of Helsinki, all the cases used in this study were 
approved by the Academic Committee of Shulan (Hangzhou) Hospital. Written informed consent was obtained from the 
study participants prior to the study commencement.

Multi-Omics Analysis of SLC7A11
In order to comprehensively understand the gene function, the multi-omics analysis of SLC7A11 was performed based 
on several databases. We first studied the chromosome localization of SLC7A11 in humans using the GeneCards 
database22 (https://www.genec ards.org/). Then, we obtained the location of the conserved domain from the UniProt 
database23 (https://www.uniprot.org/) and visualized it using Illustrator for Biological Sequences24 (IBS, http://ibs.biocu 
ckoo.org/) online service. Subsequently, the three-dimensional (3D) structures of SLC7A11 in UCSC were predicted by 
Genome Browser25 (http://genome.ucsc.edu/). To further understand the biological role of SLC7A11, we confirmed the 
cellular locations of proteins in human cells based on the Human Protein Atlas26 (HPA, https://www.proteinatlas.org/) 
database. In addition, the evolutionary conservation of amino acids in SLC7A11-encoded protein was estimated using the 
“HomoloGene” module of the National Center for Biotechnology Information (NCBI) (https://www.ncbi.nlm.nih.gov/). 
The mammalian phylogenetic tree was generated using the online tool in NCBI.

Expression Analysis and of SLC7A11
We first explored the mRNA expression levels of SLC7A11 in cancerous and noncancerous tissues using the “Gene_DE” 
module of TIMER2.027 (http://timer.comp-genomics.org/). The significance was explored by the Wilcoxon test, and the 
distribution of gene expression levels was displayed using box plots. The GEPIA228 (http://gepia2.cancer-pku.cn) 
database containing The Cancer Genome Atlas (TCGA) data and Genotype-Tissue Expression (GTEx, https://www. 
gtexportal.org) data of UCEC samples and normal samples was searched. The information obtained was utilized to 
compare the mRNA expressions of SLC7A11 in UCEC and paracancerous tissues. GSE1702529 (Jul 09, 2009, USA, 
GPL570) dataset was obtained from the Gene Expression Omnibus (GEO, http://www.ncbi.nlm.nih.gov/geo) database for 
the validation of SLC7A11 expression results. “Limma” R package (R version 4.2.0, https://www.rstudio.com/) was used 
for differential expression analysis and p < 0.05 was regarded significant. In addition, a paired difference analysis of 19 
samples was performed to compare SCL7A11 expression levels in EC tissues and paired paracancerous tissues.
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Immunohistochemistry (IHC) and Quantitative Real-Time Polymerase Chain Reaction 
(qRT-PCR)
Thirty-five pairs of paraffin-embedded UCEC and corresponding paracancerous tissues were collected from Shulan 
(Hangzhou) Hospital. Four-micron slices were mounted onto charged slides and baked at 60°C for 2 h. Then, these four- 
micron sections were incubated with 1:200 dilution of SLC7A11/xCT Polyclonal antibody (Catalog number: 26864-1-AP, 
Proteintech). After incubation with the anti-rabbit secondary antibody for 1 h at room temperature, the result of antibody 
staining was shown by diaminobenzidine (DAB). Finally, the samples were dehydrated and mounted. All slices were 
visualized using the microscope (Nikon Eclipse E100, Nikon digital sight DS-U3, Japan). Total mRNA was isolated from 
transfected cells using Trizol reagent. Reverse transcriptase was used to convert RNA to cDNA (EasyScript® All-in-One First- 
Strand cDNA Synthesis SuperMix for qPCR, TransGen Biotech). mRNA expression levels were measured by qRT-PCR. 
Primer sequences are shown in Table S1.

Prognostic Analysis of SLC7A11 in UCEC
To explore the potential prognostic value of SLC7A11, we analyzed the relationship between SLC7A11 expression and 
survival prognosis, including overall survival (OS) and disease-free survival (DFS) based on the Kaplan–Meier (K-M) 
curve outputted by Kaplan-Meier Plotter30 (http://kmplot.com/analysis/). We also established a nomogram that integrated 
SLC7A11 expression values and other clinicopathological features to predict 1-, 3-, and 5-year OS rates of UCEC 
patients. The predictive performance of the nomogram was measured by receiver operating characteristic (ROC) curve 
via the “timeROC” R package. Furthermore, the calibration curves of 1-, 3-, and 5-year OS were plotted.

DNA Methylation Analysis of SLC7A11 in UCEC
We first compared the methylation levels of SLC7A11 in normal and tumor samples using UALCAN. We then obtained 
the relationship between the promoter methylation level of SLC7A11 and the tumor stage as well as pathologic 
classification. In addition, the correlation between SLC7A11 transcription expression, copy number and promoter 
methylation level in distinct cancer subtypes were computed via MEXPRESS31 (https://mexpress.be/) by Pearson 
correlation analysis. The MethSurv32 (https://biit.cs.ut.ee/methsurv/) was used to visualize SLC7A11 methylation and 
the correlation between SLC7A11 hyper/hypomethylation and OS obtained based on the K-M curve. Furthermore, 
a Spearman regression analysis based on the GSCA web-based analysis platform was conducted to assess the correlation 
between DNA methylation and miRNA expression.

Immune Cell, Immune Checkpoint, and Immunotherapeutic Response Analysis
In order to explore the degree of immune cell infiltration in subgroups characterized by different expression levels in the 
TCGA datasets, we calculated the enrichment scores of tumor-infiltrating immune cells (TIICs) in high-expression and 
low-expression subgroups using the CIBERSORT algorithm based on R. Furthermore, correlations between SLC7A11 
expression and TIICs were assessed using lollipops and scatter plots. The relationship between the SLC7A11 expression 
and the profile of TIICs was also obtained from TIMER. Next, the TISIDB33 (http://cis.hku.hk/TISIDB/index.php) 
website was searched to analyze the relationship between SLC7A11 and the abundance of immune checkpoint blockers 
(ICBs) molecules in UCEC. Statistically significant results (p < 0.05) were shown in scatter plots. In addition, the 
TIMER database was searched to validate the correlation between SLC7A11 and key ICBs, including PD-1, PD-L1, 
CTLA-4, and PD-L2.

SLC7A11 Expression and Drug Sensitivity
The relationships between the half-maximal inhibitory concentration (IC50) of chemotherapeutic drugs and the SLC7A11 
expression levels were investigated using the “pRRophetic” R package. With this algorithm, the IC50 of different drugs was 
predicted for UCEC samples by searching the Genomics of Drug Sensitivity in Cancer (GDSC, www.cancerrxgene.org/). 
Furthermore, the chemical structural formula and molecular formula of significant chemotherapeutic drugs were explored.

International Journal of General Medicine 2023:16                                                                             https://doi.org/10.2147/IJGM.S398351                                                                                                                                                                                                                       

DovePress                                                                                                                         
483

Dovepress                                                                                                                                                             Fang et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=398351.pdf
http://kmplot.com/analysis/
https://mexpress.be/
https://biit.cs.ut.ee/methsurv/
http://cis.hku.hk/TISIDB/index.php
http://www.cancerrxgene.org/
https://www.dovepress.com
https://www.dovepress.com


Results
Multi-Omics Analysis of SLC7A11
This research project aims to evaluate the oncogenic role of SLC7A11 in UCEC. The SLC7A11 (Gene ID: 23657, 
updated on May 15, 2022) gene is located on chromosome 4q28.3 and contains 22 exons (Figure 1A). SLC7A11 
(NM_014331.4) is induced by Nrf2 in human cancers. It encodes cystine/glutamate transporter (NP_055146.1) protein 
and contains one conserved domain (TIGR00911) (Figure 1A). The tertiary structure of SLC7A11-encoded protein was 
predicted based on the UCSC database (Figure 1B). In addition, the genomic regions, transcripts, and products were 
displayed (Figure S1A). We found that SLC7A11-encoded protein was mostly localized in the vesicles of human cells 
(Figure 1C), such as A-549 (human non-small cell lung cancer cells) and U-2 OS (human osteosarcoma cell line) 
(Figure 1D). Our finding has shown that the SLC7A11-encoded protein was highly conserved across species, such as 

A

B

C D

Figure 1 Chromosome localization, protein structure and protein localization analysis of Solute carrier family 7 member 11 (SLC7A11). (A) Chromosome localization and 
conserved domain of SLC7A11 in human. (B) The comparative three-dimensional (3D) structure of SLC7A11 protein. (C) The localization of SLC7A11 protein in human 
cells. (D) Analysis of SLC7A11 protein localization in A-549 (human non-small cell lung cancer cells) and U-2 OS (human osteosarcoma cells) cell lines.
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Homo sapiens, Pan troglodytes, Canis lupus familiaris, Macaca mulatta, Bos taurus, Rattus norvegicus and Mus 
musculus (Figure S1B). The phylogenetic tree of SLC7A11-encoded protein was constructed and it presented the 
evolutionary relationship across species (Figure S1C). These results suggest a vital role of SLC7A11 in the biological 
function of eukaryotes.

Pan-Cancer Analysis of Expression of SLC7A11
We first analyzed the pattern of SLC7A11 expression in various tumors and normal tissues. As shown in Figure 2A. 
SLC7A11 expression levels were increased in various tumor tissues, including colon adenocarcinoma (COAD), breast 
invasive carcinoma (BRCA), kidney renal clear cell carcinoma (KIRC), esophageal carcinoma (ESCA), head and neck 
squamous cell carcinoma (HNSC), stomach adenocarcinoma (STAD), cholangiocarcinoma (CHOL), prostate adenocar
cinoma (PRAD), kidney renal papillary cell carcinoma (KIRP), liver hepatocellular carcinoma (LIHC), lung adenocarci
noma (LUAD), kidney chromophobe (KICH), lung squamous cell carcinoma (LUSC), rectum adenocarcinoma (READ), 
and UCEC. These results indicate that SLC7A11 expression is associated with most tumor development.

Differential Expression Analysis of SLC7A11 in UCEC
We determined that SLC7A11 was more highly expressed in UCEC tissues than in paracancerous tissues (Figure 2A). 
This expression pattern was validated by GEPIA2, as shown in Figure 2B. The higher expression of SLC7A11 in UCEC 
tissues was also observed in different probes from the GSE17025 dataset (Figure 2C–E). R software analysis of 
SLC7A11 mRNA levels in cancer and para-cancerous tissues of the same UCEC patients from TCGA showed 
a consistent result that the SLC7A11 was up-regulated (Figure 2F). These results suggest that SLC7A11 is differentially 
expressed in UCEC and normal tissues and its expression may be associated with tumor progression. For further 
validation, the expression level of the SLC7A11 gene was analyzed by IHC. It was found that SLC7A11 mRNA is 
more highly expressed in tumor tissues than in normal tissues (Figure 3A–B). This result was further validated by qRT- 
PCR for 10 paired tumorous and adjacent tissue samples (Figure 3C). These results are similar to those that we have 
previously reported for different databases.

Prognostic Value of SLC7A11 in UCEC
Furthermore, the prognostic value of SLC7A11 was analyzed using the Kaplan–Meier plotter database. The hazard ratios and 
p values indicated that SLC7A11 was significantly associated with OS, with a higher expression representing better OS, but 
was not significantly associated with DFS (Figure 4A and B). The survival time in the upper quartile of the SLC7A11 high- 
expression cohort was 103.73 months, which was significantly higher than that of the low-expression cohort (37.57 months). 
These results show that a higher SLC7A11 expression level may predict a better prognosis in patients with UCEC. In order to 
determine potential prognostic indicators and predict prognosis for patients with UCEC, Cox proportional hazards regression 
analysis was performed to exclude confounder effects for 394 UCEC patients with effective survival information. It was found 
that the clinicopathological parameters, including age (<= 65Y and >65Y) (p = 6.7e-4, HR = 2.77, 95% CI 1.54–4.97), tumor 
stage (Stage I, Stage II, Stage III, and Stage IV) (p = 2.6e-4, HR = 1.62, 95% CI 1.25–2.11), and tumor grade (G1, G2, and G3) 
(p = 0.01, HR = 1.80, 95% CI 1.14–2.84) were significantly associated with prognosis in UCEC (Table 1). We next established 
a nomogram that integrated SLC7A11 expression levels and clinicopathological features, including age, tumor grade and 
tumor stage, to predict the 1-, 3-, and 5-year OS (Figure 4C). Furthermore, the ROC analysis showed that the AUCs for 1-, 3-, 
and 5-year OS prediction were 0.84 (95% CI 0.96–0.7), 0.75 (95% CI 0.84–0.66), and 0.79 (95% CI 0.87–0.70), respectively 
(Figure 4D). The value obtained by the calibration curve for OS is in good agreement with the value predicted by the 
nomogram and the observed value (Figure 4E). These results validated the accuracy of the model in predicting OS in patients 
with UCEC.

DNA Methylation Analysis of SLC7A11 in UCEC
To determine whether DNA methylation affects the tumorigenesis and development of UCEC, we first compared 
methylation levels of SLC7A11 in tumor and paracancerous tissue. As shown in Figure 5A, DNA methylation levels 
in the SLC7A11-promoter region were significantly higher in normal participants than in patients with UCEC. In 
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addition, we found that DNA methylation levels of SLC7A11 are higher at advanced tumor stages (stage 3 and stage 4) 
than at early tumor stages (stage 1 and stage 2) (Figure 5B). These results imply that the higher DNA methylation levels 
of SLC7A11 were correlated with the advanced tumor stage of patients with UCEC. DNA methylation levels of 
SLC7A11 were also detected in different types of UCEC, with the highest level observed in mixed serous and 

A

B

C D

E F

Figure 2 Expression analysis of Solute carrier family 7 member 11 (SLC7A11). (A) SLC7A11 expression level in tumor and normal tissues in The Cancer Genome Atlas (TCGA) pan- 
cancer data using TIMER. (B) Analysis using the GEPIA2 database showed that SLC7A11 had higher expression in Uterine corpus endometrial carcinoma (UCEC) compared to normal 
tissues. (C-E) the boxplots were used to compare the expression levels of SLC7A11 gene in the different probe, including (C) 207528-s-at, (D) 209921-at, and (E) 217678-at, of Gene 
Expression Omnibus (GEO) datasets. (F) Paired differential analysis of SLC7A11 in UCEC in the TCGA database. (*p < 0.05, **p < 0.01, ***p < 0.001).
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endometrioid carcinoma, followed by the uterine serous carcinoma/uterine papillary serous carcinoma and uterine 
endometrioid carcinoma (Figure 5C). Additionally, the heat map of DNA methylation is displayed in Figure 5D. In 
cases from MEXPRESS, which were categorized based on clinical factors, including histological type, clinical stage and 
sample type, SLC7A11 displayed differences in expression patterns and copy number patterns (Figure S2A and S2B). We 
observed that five CpGs of SLC7A11 were significantly associated with the prognosis of UCEC (Figure 5E–I). The result 
also showed that SLC7A11 expression was significantly and inversely correlated with DNA methylation in the 
SLC7A11-promoter region (Figure 5J). Based on the MEXPRESS database, we also found that low promoter DNA 
methylation region was significantly associated with a high SLC7A11 expression status in most CpG islands 
(Figure S2C).

A

B C

Figure 3 Solute carrier family 7 member 11 (SLC7A11) expression of Uterine corpus endometrial carcinoma (UCEC) tissue and the corresponding paracancerous tissue. 
(A) The expression level of SLC7A11 in UCEC and noncancerous tissues by immunohistochemistry. (B) SLC7A11 expression was high in 35 UCEC tissues than in the 
corresponding normal tissues by immunohistochemistry. (C) SLC7A11 expression was high in 10 UCEC tissues than in the corresponding normal tissues by quantitative 
real-time polymerase chain reaction (qRT-PCR).
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Relationship Between SLC7A11 and Immune Cell Infiltration
The density of 22 tumor related immune cells from each sample was evaluated using CIBERSORT. It was found that naive 
B cells, memory B cells, activated CD4 memory T cells, gamma delta T cells, regulatory T cells (Tregs), and follicular helper 
T cells were the main immune cells affected by SLC7A11 expression (Figure 6A). Additionally, the expression of SLC7A11 
was positively correlated with the infiltration level of activated CD4 memory T cells (R = 0.19, p = 0.019), follicular helper 
T cells (R = 0.27, p = 6.0e-04), and gamma delta T cells (R = 0.24, p = 0.0032), but positively correlated with the infiltration level 
of Tregs (R = −0.24, p = 0.0025) (Figure 6B-F). We further explored the relationship between SLC7A11 expression level and 
TIICs in UCEC with the TIMER database. The results demonstrated that SLC7A11 expression level had positive correlations 
with several TIICs, including neutrophil (cor = 0.178, p = 2.19e−03), CD4+ T cell (cor = −0.154, p = 8.69e−03), CD8+ T cell 

A B C

D

E

Figure 4 Predictive value of Solute carrier family 7 member 11 (SLC7A11) expression for clinical outcomes in Uterine corpus endometrial carcinoma (UCEC). (A and B) 
The Kaplan–Meier (K-M) curves of overall survival (OS) (A) and disease free survival (DFS) (B) shows the difference between the low- and high-expression of SLC7A11 in 
UCEC based on Kaplan-Meier Plotter database. (C) Composite nomogram prediction of 1-, 3-, and 5-year OS. (D) Time-dependent receiver operating characteristic (Td- 
ROC) curves for nomogram-mediated prediction of 1-, 3-, and 5-year OS in UCEC patients. (E) Calibration plot of the predictive nomogram.

Table 1 The Cox Proportional Hazards Regression Analysis for Various Clinicopathological 
Parameters

Clinicopathological Parameters HR 95% CI p-value

Age (≤65Y and >65Y) 2.77 1.54–4.97 6.70e-4

Stage (Stage I, Stage II, Stage III, and Stage IV) 1.62 1.25–2.11 2.60e-4

Grade (G1, G2, and G3) 1.80 1.14–2.84 0.01

Abbreviations: HR, hazard ratio; CI, confidence interval; Y, years; G, grade.
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(cor = 0.325, p = 1.57e-08) and dendritic cell (cor = 0.235, p = 4.98e−05) (Figure 6G). Many of chemokines are important for 
the regulation of chemotaxis of immune cells, especially T lymphocyte, monocytes/macrophages, and eosinophils.34 As listed in 
Table 2, SLC7A11 expression was significantly positively correlated with T lymphocyte-related chemokines and monocyte/ 
macrophage-related chemokines (CCL22), mast cell-related chemokines (CCR3 and CXCR4), eosinophil-related chemokines 
(CCL24) in UCEC. These findings indicate that SLC7A11 expression may regulate immune cell infiltration in UCEC.

A B C

E

G H

I J

FD

Figure 5 The DNA methylation analysis of Solute carrier family 7 member 11 (SLC7A11) in Uterine corpus endometrial carcinoma (UCEC). (A) Promoter methylation 
level of SLC7A11 in UCEC and normal tissues were analyzed with The Cancer Genome Atlas (TCGA) data by using UALCAN database. (B) Expression level of SLC7A11 
methylation level in different TNM stages of UCEC. (C) Expression level of SLC7A11 methylation level in different pathological subtypes of UCEC. (D) The heat map 
showed the SLC7A11 DNA methylation at CpG sites. (E-I) the Kaplan–Meier (K-M) curves of overall survival (OS) shows the difference between the low- and high- 
expression of SLC7A11methylation of cg06206831 (E), cg07661704 (F), cg13028471 (G), cg00534274 (H), and cg04474257 (I) CpG sites in UCEC. (J) Correlation between 
SLC7A11 mRNA expression and DNA methylation level was analyzed.
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SLC7A11 Expression Was Correlated with Immune Checkpoint Molecules
We selected some important immune molecules, which have been verified to be associated with the efficacy of ICBs, to 
explore the associations between SLC7A11 expression and immune checkpoint molecules (Figure 7A). SLC7A11 
expression was positively correlated with immunostimulators, including TGFBR1 (rho = 0.271, p = 1.50e-10), CD274 
(rho = 0.148, p = 5.36e-04), CTLA4 (rho = 0.189, p = 0.55e-06), IDO1 (rho = 0.148, p = 5.27e-04), IL10 (rho = 0.218, 
p = 2.87e-07), KDR (rho = 0.197, p = 3.75e-06), PDCD1 (rho = 0.111, p = 9.71e-03), PDCD1LG2 (rho = 0.111, p = 
9.74e-03), and TIGIT (rho = 0.087, p = 0.043) in UCEC (Figure 7B–J). Furthermore, the expression of SLC7A11 was 
significantly negatively correlated with the following ICBs: CD160 (rho =- 0.182, p = 2.05e-05), PVRL2 (rho = −0.286, 
p = 1.27e-11), and VTCN1 (rho = −0.153, p = 3.30e-04) in UCEC (Figure 7K–M). Considering the importance of the 
PD-1 (PDCD1), PD-L1 (CD274), PD-L2 (PDCD1LG2), and CTLA-4 to immune escape and immunotherapy, we 
analyzed the correlation between SLC7A11 expression and these ICBs based on the GEPIA2 database. The results 

A B
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Figure 6 Correlation of Solute carrier family 7 member 11 (SLC7A11) expression with immune cells infiltration level in Uterine corpus endometrial carcinoma (UCEC). (A) 
Comparison of the enrichment scores of 22 types of immune cells between in high-SLC7A11 expression subgroup and low-SLC7A11 expression subgroup in the The 
Cancer Genome Atlas (TCGA) cohort. (B) The correlation between the SLC7A11 expression and immune cells. (C-F) The significant correlation between the SLC7A11 
expression and immune cells including T cells follicular helper (C), T cells gamma delta (D), T cells regulatory (Tregs) (E), and T cells CD4 memory activated (F) in UCEC. 
(G) The correlation between the SLC7A11 expression and immune cells was conducted in the TIMER database and evaluated by Spearman correlation.
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further confirmed that SLC7A11 expression is significantly associated with PD-1 (cor = 0.119, p = 5.60e-03, Figure 7O), 
PD-L1 (cor = 0.251, p = 2.73e-09, Figure 7P), PD-L2 (cor = 0.169, p = 7.42e-05, Figure 7Q), and CTLA-4 (cor = 0.192, 
p = 6.46e-06, Figure 7R) in UCEC. These results showed that SLC7A11 expression was increased in UCEC tumor 
tissues and implied that the upregulation of SLC7A11 in UCEC might play a considerable role in tumor immunotherapy.

SLC7A11 Expression and Drug Sensitivity
The IC50 values of four common chemotherapy drugs were predicted in different SLC7A11 expression subgroups. The 
results obtained with the cohort from TCGA showed that Z-VAD-FMK (Caspase inhibitor), S-Triphenylmethyl- 
L-cysteine (S-Trityl-L-cysteine), and TAE684 (ALK inhibitor) had higher IC50 values in low-expression patients, 
indicating that high-expression patients could be more sensitive to these chemotherapy drugs (Figure 8A–C). 
However, salubrinal had higher IC50 values in high-expression patients, indicating that low-expression patients could 
be more sensitive to this chemotherapy drug (Figure 8D). The chemical structural formula and molecular formula of 
these chemotherapy drugs were displayed (Figure 8E–H).

Table 2 The Correlation Between SLC7A11 Expression and 
Chemotactic Activity for Immune Cells in UCEC

Immune Cells Chemokine Cor P-value

Monocytes/macrophages CCL2 −0.063 4.10E-01

CCL3 −0.054 4.80E-01

CCL5 −0.066 3.80E-01
CCL7 0.015 8.40E-01

CCL8 −0.051 5.00E-01

CCL13 0.035 6.50E-01
CCL17 −0.045 5.50E-01

CCL22 0.22 3.30E-03
T lymphocyte CCL2 −0.063 4.10E-01

CCL1 −0.043 5.70E-01

CCL22 0.22 3.30E-03
CCL17 −0.045 5.50E-01

Mast cells CCR1 0.093 2.20E-01

CCR2 0.038 6.20E-01
CCR3 0.2 9.60E-03
CCR4 0.061 4.30E-01

CCR5 0.072 3.50E-01
CXCR2 0.027 7.20E-01

CXCR4 0.53 5.60e-14
Eosinophils CCL11 0.0082 9.10E-01

CCL24 0.29 9.90e-05
CCL26 0.083 2.80E-01

CCL5 −0.066 3.80E-01
CCL7 0.015 8.40E-01

CCL13 0.035 6.50E-01

CCL3 −0.054 4.80E-01
Neutrophils CXCL8 0.054 4.80E-01

Note: P value less than 0.05 is shown in bold. 
Abbreviations: SLC7A11, Solute carrier family 7 member 11; CXCL, C-X-C motif 
chemokine ligand; CCL, C-C motif chemokine ligand; CXCR, C-X-C motif chemokine 
receptor; CCR, C-C motif chemokine receptor; UCEC, Uterine corpus endometrial 
carcinoma.
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Figure 7 The Correlation between Solute carrier family 7 member 11 (SLC7A11) expression and immune checkpoint blockers (ICBs) in TISIDB and TIMER. (A) The 
panoramic association between the SLC7A11 expression and ICBs (red represents the positive correlation, and blue represents the negative correlation). (B-M) The 
significant association between the SLC7A11 expression and most ICBs, including TIGIT (B), CD274 (C), CTLA4 (D), IDO1 (E), IL10 (F), KDR (G), PDCD1 (H), 
PDCD1LG2 (I), TGFBR1 (J), PVRL2 (K), CD160 (L), and VTCN1 (M), in UCEC using TISIDB. (O-Q) The significant association between the SLC7A11 expression and most 
ICBs, including PDCD1 (O), CD274 (P), PDCD1LG2 (Q), CTLA4 (R), in UCEC using TIMER.
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Discussion
EC, that is UCEC, ranks fourth in the incidence rate among the most common cancers in women in industrialized countries.35 

Approximately 280000 EC cases are reported worldwide every year.1,36 EC is tightly associated with unopposed estrogen 
exposure, endometrial hyperplasia, and genetic alterations.37 With the development of whole-exome sequencing (WES) and 
whole-genome sequencing (WGS), it is becoming increasingly clear that tumorigenesis is attributed to genetic mutation and 
developmental context.38,39 Tumor occurrence and development mainly depend on the activation of proto-oncogenes and the 
inactivation of tumor suppressor genes. In addition, the compromise of gene expression patterns results in genomic instability, 
altered gene expression patterns and tumor formation.40 The investigation of the molecular basis of cancer and the discovery of 
cancer-associated oncogenes in the 1980s have made cancer become treatable.41 Increasing studies indicate that SLC7A11 plays 
a significant role in the tumorigenesis and tumor progression by regulating tumor-associated oncogenes through interacting with 
different proteins.18,42 Nevertheless, the precise biological role and underlying mechanisms of SLC7A11 in EC remain indistinct.

Studies show that ferroptosis is a novel type of programmed cell death, which can effectively inhibit tumor cell growth, and 
it plays a significant role in tumorigenesis and tumor progression.13,43,44 SLC7A11 has a well-established role in maintaining 
intracellular glutathione levels and preventing oxidative-stress-induced cell death, such as ferroptosis,17,43,45,46 and SLC7A11 
is frequently overexpressed in cancers.16,18,47,48 In addition, SLC7A11 imports extracellular cystine into cells to promote 
glutathione synthesis, thus inhibiting ferroptosis.49 It was reported that ferroptosis was closely related to several endometrial 
diseases, such as endometriosis,50,51 repeated implantation failure,52 and endometrial hyperplasia,53 and it can act as 
a therapeutic target for these diseases. Notably, the abnormal biological behaviors of EC patients are tightly associated with 
the occurrence of adenomyosis and endometriosis. Hence, it is necessary to investigate the biological role of SLC7A11 in EC 
development. Therefore, we performed a bioinformatics analysis to systematically explore whether the abnormal expression 
of SLC7A11 is associated with the clinical prognosis and tumorigenesis of EC patients and their response to immunotherapies.

In the present study, we found that SLC7A11 expression was significantly higher in UCEC tissues than in 
paracancerous tissues, and its methylation level had a significant positive correlation with UCEC pathological stage 
and pathological classification. We also found that a high SLC7A11 methylation level predicted an advanced clinical 
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Figure 8 The significance of the Solute carrier family 7 member 11 (SLC7A11) expression in chemosensitivity. (A-D) Sensitivity performance of common chemotherapy 
agents, including Z-VAD-FMK (A), S-Triphenylmethyl-L-cysteine (S−Trityl−L−cysteine) (B), TAE684 (C), and Salubrinal (D), in high-SLC7A11 expression subgroup and low- 
SLC7A11 expression subgroup. (E-H) The chemical structural formula and molecular formula of these chemotherapy drugs; Z-VAD-FMK (A), S−Trityl−L−cysteine (B), 
TAE684 (C), and Salubrinal (D).
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pTNM stage in UCEC patients. It is well known that pTNM stage is a dependent predictor for the prediction of clinical 
outcomes of UCEC patients and is strongly associated with tumor recurrence or distant metastasis.54 Our results showed 
that abnormal SLC7A11 methylation may play a functional role in tumor recurrence and distant metastasis in UCEC 
patients. However, UCEC patients with higher SLC7A11 transcript levels had significantly longer OS. It was proved 
again that SLC7A11 transcript levels were negatively associated with the degree of methylation. These findings suggest 
that SLC7A11 has a key role in the progression of UCEC. We further discovered that abnormal expression level of 
SLC7A11 was significantly associated with the infiltration levels of immune cells and cancer immunotherapy in UCEC.

Additionally, we also found that the SLC7A11 gene encodes a member of a heteromeric and sodium-independent 
anionic amino acid transport system that is highly specific to cysteine and glutamate based on the gene annotation from 
NCBI. SLC7A11 protein is an important cystine/glutamate transporter that is highly conserved across eukaryotes.49 

Furthermore, the SLC7A11 protein possesses the most conserved region (TIGR00911) of the human solute carrier (SLC) 
family proteins, which plays an important role in the transportation and binding of proteins, amino acids, peptides and 
amines. Our findings also revealed that the SLC7A11 protein was localized in the vesicles of human cells. These 
biological characteristics are essential for the development and function of human cells.

Neoplasms may harbor mutations in genes classically found in tumors originating from different tissues.55 During cancer 
progression, genetic mutations can alter protein expression levels and then affect tumor growth and metastasis. By pan-cancer 
identification of genetic alterations of SLC7A11, Lin et al48 has found that the mutation rate of SLC7A11 was less than 8% and 
that the main mutation type was missense mutation in human cancers. It is worth noting that missense mutation occurred most 
frequently in patients with EC.48 More importantly, in the present study, we found that patients with EC whose tumor cells lost 
SLC7A11 expression due to gene mutation had a shortened survival rate than those whose tumor cells did not have SLC7A11 
gene mutation. This result indicates that SLC7A11 expression may inhibit tumor progression in EC.

Several studies have shown that changes in DNA methylation patterns are associated with the development and 
progression of tumors.56 In the present study, we found that DNA methylation levels in the SLC7A11-promoter region 
were significantly higher in normal participants than in patients with UCEC. And DNA methylation levels of SLC7A11 
are higher at advanced tumor stages than at early tumor stages. So, we suggested that DNA methylation is another 
effective epigenetic mechanism involved in UCEC progression. Additionally, methylation of SLC7A11 CpG islands also 
increases in malignant tissues and contributes to tumorigenesis.

Recently, immune cell and stromal cell infiltration in TME was widely studied, which provided a novel potential 
approach for cancer treatment.57 Immune cell infiltration contributes to immunosurveillance, eliminates tumor cells and 
slows immune evasion. A multitude of studies have also suggested that patients with immunological (or T-cell-infiltrated) 
tumors responded better to immune checkpoint inhibition than patients with non-immunological (or non-T-cell- 
infiltrated) tumors.58 Additionally, immune cell infiltration has been found to be closely implicated in the clinical 
outcome.59 TILs have also been found to be independent predictors of cancer survival.60 Our findings showed that the 
abnormal expression level of SLC7A11 was significantly associated especially with the infiltration levels of lymphocytes, 
neutrophils, and dendritic cells in UCEC. TILs play a crucial role in antitumor immunity. PD-L1 was detected in tumor 
cells as well as intraepithelial TILs and stromal TILs. It can be summarized that SLC7A11 expression may affect the 
prognosis by affecting the infiltration of tumor-related immune cells. Cancer immunotherapy has greatly advanced in 
recent years, and the introduction of PD-1/PD-L1 blocking therapy has become a major pillar of immunotherapy.61 

Immunotherapeutic strategies, including targeting specific ICBs as well as directing T cells toward diseased cells, are 
being applied for the treatment of several malignancies, including gynecological cancers.62 Immunotherapy is an active 
area of cancer research, especially the immune checkpoint PD-1/PD-L1-based immunotherapy.60 We found that the 
SLC7A11 expression was not only associated with TIICs but also correlated with the expression of ICBs. The 
appropriateness of the treatment via ICBs can be assessed by the evaluation of the SLC7A11 expression in UCEC. It 
could also be speculated that the antitumor effect of immune cells may be affected by ICB pathways, given that 
SLC7A11 expression was correlated with the expression of ICB targets. We also found that SLC7A11 expression was 
significantly associated with inflammatory factors, numerous immune checkpoint markers, and immune activation 
pathways. Higher SLC7A11 expression is correlated with a higher survival rate, higher lymphocyte infiltration level 
and higher expression level of ICB-related genes. This finding may offer an insight into the therapeutics of UCEC.
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Conclusions
The SLC7A11 expression was higher in UCEC than in normal tissues, and the high expression was associated with 
a favorable prognosis in UCEC patients. The expression status of SLC7A11 is not only related to immune cell infiltration 
but also the effectiveness of immunotherapies.
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