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Background: SLC7ALlL1 is a key regulator of ferroptosis, which mediates cysteine uptake for glutathione
biosynthesis and maintains redox homeostasis. Emerging evidence has shown that SLC7A11 is upregulated
in many human tumors. Nevertheless, the prognosis and posttranslational regulatory mechanism of
SLC7A11 in renal cell carcinoma (RCC) remains obscure.

Methods: The Oncomine, Gene Expression Profiling Interactive Analysis (GEPIA), and The Cancer
Genome Atlas (TCGA) databases were used to analyze the difference in SLC7A11 expression between
malignant and normal tissues. Furthermore, the GEPIA, the University of ALabama at Birmingham CANcer
data analysis Portal (UALCAN), and starBase databases were used to conduct the survival analyses. For
correlation analysis, the UALCAN and starBase databases were employed. The Tumor Immune Estimation
Resource (TIMER) database was used to approximate the abundance of immune infiltration.

Results: We confirmed that SLC7A411 was upregulated in most human cancers, including 3 types of RCC.
SLC7A11 overexpression was linked to poor prognosis of individuals with kidney renal clear cell carcinoma
(KIRC), kidney chromophobe cell carcinoma (KICH), and kidney renal papillary cell carcinoma (KIRP).
SLC7AI11 expression was also linked to immune cell infiltration levels. After performing a comprehensive
analysis of the regulatory mechanisms of SLC7A11 expression, the results depicted a potential noncoding
(ncRNA)-messenger RNA (mRNA) axis, incorporating SNHG6-miR-26a-5p-SLC7A11 networks in KICH,
CASCI19/CYTOR/LINC00997-miR-27b-3pSLC7AI1I networks in KIRC, and CASC19/CYTOR/PVTI-
miR27b-3p—SLC7A11 networks in KIRP as partially responsible for the functions of SLC7A11 in RCC.
SLC7A11 expression was positively linked to infiltrated immune cells and their matching marker sets in 3
types of RCC, including CD8" and myeloid dendritic cells.

Conclusions: Our research elucidated the crucial functions and the upstream long noncoding RNA
(IncRNA)-microRNA (miRNA) regulatory network of SLC7A11 in RCC. Importantly, SLC7A11 can be
used as a potential prognostic biomarker for 3 types of RCC and to determine the infiltration of immune

cells in malignant tissues.
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Introduction

Renal cell carcinoma (RCC) is the sixth and ninth most
prevalent malignancy among men and women, respectively,
in the USA. Furthermore, a potential ~79,000 cases of RCC
will be diagnosed in the USA in 2022 with at least 13,920
related mortalities (1). RCC has different pathological
types according to histology and genetics. Among the
various types of RCC, this study will focus on 3 of the most
prevalent, including kidney chromophobe cell carcinoma
(KICH), kidney renal papillary cell carcinoma (KIRP),
and kidney renal clear cell carcinoma (KIRC) (2). With
the continuous advancement and improvement in the
diagnosis and management of RCC, the 5-year survival
rate of RCC patients has risen to at least 74%, while 12%
of patients develop advanced metastasis (3). In situations
where the advanced kidney malignancy cannot be excised,
the prognosis can be prolonged by application molecularly
targeted therapies although this is only effective in 20-40%
of cases (4). Therefore, investigations into the pathogenesis
of RCC to find novel biomarkers for managing and
evaluating the prognosis of RCC should be expedited.

The cystine/glutamate antiporter SLC7A11 (xCT) is
a key modulator of ferroptosis, which mediates cysteine
uptake for glutathione biosynthesis and maintains redox
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homeostasis (5). SLC7AI1 expression is upregulated in
various cancers and has multiple effects on cancer growth,
invasion, and metastasis. Its overexpression has also been
linked to the drug resistance of gemcitabine, cisplatin,
and mitogen-activated protein kinase (MAPK) pathway
inhibitors (6), resulting in poor prognosis (7). Furthermore,
SLC7AI1 expression and activity are exposed to tight
modulation via various mechanisms, such as transcriptional
modulation by transcription factors and epigenetic
regulators as well as posttranscriptional modulation
mechanisms to regulate its protein stability, messenger
RNA (mRNA) levels, transporter activity, and subcellular
localization (6). Long noncoding RNAs (IncRNAs) and
microRNAs (miRNAs) are noncoding RNAs (ncRNAs)
with important epigenetic regulation functions. They are
involved in posttranscriptional regulation through mRNA
degradation and translation inhibition and thus participate
in the development of cancers (8). Therefore, this study
comprehensively evaluated the prognostic mechanism of
SLC7A11 in RCC and the upstream IncRNA-miRNA
regulatory network.

Recently, 2 distinct studies shared similar findings,
reporting that ferroptosis, which is stimulated by T cells in
cancerous cells, can be a vital anticancer target, especially
with programmed cell death protein 1/programmed death-
ligand 1 (PD-1/PD-L1) antibody treatment. Moreover,
among the ferroptosis-insensitive cancerous cells, the PD-
L1 antibody only demonstrates a weak influence (9,10).
In contrast, elevated ferroptosis levels have been shown to
enhance the antitumor impact of immunotherapy, which
highlights the positive feedback between immunotherapy
and ferroptosis, which can synergistically destroy cancerous
cells (9). Nevertheless, the participation of SLC7A11
in regulating the infiltration of immune cells and the
progression processes in RCC has yet to be established.

In this study, we first evaluated the mRNA and
protein levels of SLC7A11 in RCC. Second, we assessed
the prognostic value of SLC7411 in RCC. Finally, we
investigated the fundamental upstream ncRNA-related
mode of action and immunomodulatory impact of
SLC7A11 in RCC. We identified a potential SLC7A11-
related ncRNA-mRNA axis in RCC, which provides critical
insight for creating potent therapeutic targets and potential
biomarkers in RCC. We present the following article in
accordance with the MDAR reporting checklist (available at
https://tau.amegroups.com/article/view/10.21037/tau-22-
663/rc).
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Methods
Gene expression analysis

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The difference
in the expression level of SLC7A411 between cancer and
adjoining normal tissues was estimated from the Gene
Expression Profiling Interactive Analysis (GEPIA; http://
gepia.cancer-pku.cn/), Oncomine (https://www.oncomine.
org), and The Cancer Genome Atlas (TCGA; https://www.
aclbi.com) databases. Variations in SLC7A11 expression by
tumor stage, age, nodal metastasis, tumor grade, gender,
and every subtype of RCC were determined from TCCA,
UALCAN, and starBase (http://starbase.sysu.edu.cn/)
databases. starBase was employed to analyze the differential
expression of miRNAs and IncRNAs between the tumors
and adjacent tissues.

Oncomine

Oncomine is not only the biggest cancer microarray
database but also an integrated data-mining platform
worldwide, which aims at mining cancer gene information.
It incorporates RNA sequencing (RNA-seq) and DNA
sequencing (DNA-seq) data from the TCGA and GEO
databases, as well as the published study involving 715 gene
expression datasets obtained from 86,733 samples (11).

starBase

starBase is an open-source platform and is freely available
for public use. It is used for studying the ncRNA-RNA,
miRNA-ncRNA, RNA-RNA, RBP-ncRNA, miRNA-
mRNA, and RBP-mRNA interactions from degradome
sequencing (seq), CLIP-seq, and RNA-RNA interactome
data (12).

UALCAN

UALCAN is an online tool for evaluating cancer omics
data [TCGA and the Clinical Proteomic Tumor Analysis
Consortium (CPTAC)] that is comprehensive, convenient,
and interactive. The Kaplan-Meier survival plot was
generated for every gene in each TCGA cancer type,
using “survival” package and “survminer” package. The
survival curves of samples with high gene expression and
low/medium gene expression were compared by log rank

test (13).
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Survival analysis

The survival and prognosis of patients with RCC were
analyzed from the UALCAN, GEPIA, TCGA, and starBase
databases.

LinkedOmics

LinkedOmics is a web tool to analyze the multiomics
data based on TCGA database. LinkInterpreter evaluates
functional enrichment against 26, 449 functional categories
defined by Gene Ontology, pathways from the KEGG,
Panther, Reactome and WikiPathways databases. Function
and pathway enrichment analysis of SLC7A11 in the 3
RCCs was employed (14).

miRNA prediction

The miRSystem (http://mirsystem.cgm.ntu.edu.tw), an
integrated database platform, was used to anticipate upstream
miRNAs of SLC7A11 with the aid of 7- miRNA target gene
prediction programs, which include TargetScan, miRanda,
miRBridge, PITA, PicTar, DIANA, and rna22 (15). miRNAs
that were present in more than 3 programs were screened
and discussed in this paper.

LncRNA prediction

miRNet (http://www.mirnet.ca), an miRNA-centric
network visual analytics platform, was used to determine

upstream IncRNAs of 7iR-26a-5p or miR-27b-3p (16).

Correlation analysis

starBase was used to perform expression correlation analysis
for both miRNA-IncRNA and IncRNA-mRNA pairs in 3
subtypes of RCC.

Tumor Immune Estimation Resource (TIMER) database
analysis

We used an open platform known as TIMER, which
contains data on 32 types of cancers and includes 10,987
TCGA samples in order to assess the immune inner
infiltrate abundance (http://cistrome.org/TIMER/) (17).
The TIMER database was employed to examine the link
between SLC7A11 expression and the abundance of 6 kinds
of infiltrating immune cells including macrophages, CD4"
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T cells, B cells, dendritic cells (DCs), CD8" T cells, and
neutrophils among patients with RCC. The link between
the SLC7A11 expression and tumor purity was also clarified,
while that between SLC7A411 expression and immune
infiltration as well as markers of varied subsets of immune
cells was evaluated using the TIMER database. Statistically
significant differences were set at a P value <0.05.

Statistics analysis

The survival curves of samples with high gene expression
and low/medium gene expression were compared by log
rank test. Data are displayed as mean = SD, #-test was used
to assess the differences. Statistically significant differences
were set at a P value <0.05.

Results
Expression and prognostic values of SLC7A11 in RCC
We used the GEPIA database to examine the data on RNA-

seq expression status based on several samples recruited
from both the genotype-tissue expression (GTEx) and
TCGA projects to estimate the mRNA level of SLC7A411
in malignant and normal tissues in multiple cancers.
The results are displayed in Figure 1A4. The SLC7A11
expression was increased in cancers compared with adjacent
normal samples, including KICH, KIRC, and KIRP. The
differences in the gene expression profile of SLC7A11 across
cancer samples and paired normal tissues were also assessed
using the Oncomine database. This database contains
a total of 456 distinct analyses for SLC7A11. SLC7A11
expression in tumors was upregulated in 29 distinct analyses
and downregulated in 3 analyses. Specifically, SLC7A11
expression was elevated in kidney, liver, colorectal,
esophageal, and head and neck malignancies compared to
the normal samples (Figure 1B). Furthermore, TCGA data
set was used to analyze the prognostic values of SLC7A11 in
3 types of RCC. The findings showed that high expression
of SLC7A11 in KIRP, KICH, and KIRC was associated
with a worse prognosis (Figure 1C). A Kaplan-Meier plot
was used to evaluate the prognostic functions of SLC7A11
in all patients with RCC and for each of the 3 subtypes of
RCC. The findings in the GEPIA database revealed that
a high expression of SLC7A11 was significantly linked to
worse overall survival [OS; P=0.01; hazard ratio (HR) =1.4]
and disease-free survival (DFS; P<0.001; HR =1.9) in RCC
(Figure 2A4,2B). Lastly, the UALCAN and starBase databases
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were used for survival analysis of the 3 subtypes of RCC.
The findings indicated that SLC7A11 expression in KICH,
KIRP, and KIRC was significantly increased compared to
normal tissues (Figure 2C-2E), whereas high expression
of SLC7A11 was also linked to shorter OS duration
(Figure 2F-2H). The LinkedOmics database was employed
to analyze the enrichment of functions in 3 different types of
RCC (Figure 3). In KICH, SLC7A11 was mainly enriched
in the biological process of chromosome segregation and
aminoacyl-transfer RNA (tRNA) biosynthesis pathway.
In KIRC, SLC7A11 was mainly enriched in the collagen
metabolic process and cell cycle pathway. In KIRP,
SLC7A11 was mainly enriched in the translational initiation
and unfolded protein binding pathway. Taken together,
these findings imply that SLC7A411 may act as a potential
diagnostic and prognostic biomarker in RCC.

Analysis of upstream miRNAs of SLC7A11 in RCC

To predict the upstream miRNAs of SLC7A11, the
miRSystem platform was used with 7 miRNA target
gene prediction programs, including miRanda, PicTar,
PITA, miRBridge, rna22, DIANA, and TargetScan.
A total of 11 miRNAs were identified in more than 3
programs and subsequently used for further analysis
(Figure 44). The candidate miRNAs play a suppressive
role in RCC by binding to SLC7A11. The findings in the
starBase database revealed that the expression levels of
miR-26b-5p, miR-32-5p, miR-27Tb-3p, miR-264-5p, miR-
363-3p, and miR-27a-3p in both KICH and KIRC were
significantly reduced compared to those in normal tissues
(Figure 4B-4K). Additionally, the expression levels of miR-
27b-3p, miR-26b-5p, miR-27Ta-3p, miR-32-5p, miR-26a-
5p, and miR-363-3p in KIRP were significantly lowered
compared to those normal tissues (Figures 4L,5A4-5D). The
remaining miRNAs were not statistically differentially
expressed between RCC and normal tissues. Furthermore,
we found that a low miR-26a-5p expression was linked to
poor prognosis and negatively associated with SLC7A11
in KICH (Figure 5SE, Figure SIA-S1E). Low miR-27b-
3p expression was linked to poor outcomes and negatively
correlated with SLC7A11 in KIRC and KIRP (Figure SF-5G,
Figure S1F-SIN). Correspondingly, a low miR-26a-
5p expression was negatively associated with SLC7A411
in KICH (Figure SH, Figure SIM-S1IN). Low miR-27b-
3p expression was negatively correlated with SLC7A11 in
KIRC and KIRP (Figure 51,57, Figure S10). Altogether,
these results show that miR-26a-5p and miR-27b-3p may
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Figure 1 Differential expression of SLC7AIl1 in cancers. (A) The mRINA level of SLC7A11 in malignant and normal tissues in multiple
cancers according to the GEPIA database, red dots: tumor samples, green dots: normal samples; (B) the differences in the gene expression
profile of SLC7A11 across cancer samples and paired normal tissues according to the Oncomine database; (C) high expression of SLC7A11
in KIRP, KICH, and KIRC was associated with a worse prognosis according to TCGA database. GEPIA, Gene Expression Profiling
Interactive Analysis; KIRP, kidney renal papillary cell carcinoma; KICH, kidney chromophobe cell carcinoma; KIRC, kidney renal clear cell
carcinoma; TCGA, The Cancer Genome Atlas.
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Figure 2 The survival analysis of the patients with high and low SLC7A11 expression in RCC. (A) The overall survival curves of RCC;
(B) the disease-free survival curves of RCC; (C) the expression of SLC7A11 in KIRC and normal tissues; (D) the expression of SLC7Al1
in KIRP and normal tissues; (E) the expression of SLC7A11 in KICH and normal tissues; (F) the overall survival curves of KIRC; (G) the
overall survival curves of KIRP; (H) the overall survival curves of KICH. The survival analysis were performed used the GEPIA database in
(A) and (B) and the UALCAN database in (C-H). RCC, renal cell carcinoma; KIRC, kidney renal clear cell carcinoma; KIRP, kidney renal
papillary cell carcinoma; KICH, kidney chromophobe cell carcinoma; GEPIA, Gene Expression Profiling Interactive Analysis.
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Figure 3 Function and pathway enrichment analysis of different types of RCC. (A,B) The BP and KEGG pathway of SLC7A11 in KICH
were analyzed; (C,D) the BP and KEGG pathway of SLC7A11 in KIRC were analyzed; (E,F) the BP and KEGG of SLC7A11 in KIRP
were analyzed. RCC, renal cell carcinoma; BP, biological processes; KEGG, Kyoto Encyclopedia of Genes and Genome; KICH, kidney
chromophobe cell carcinoma; KIRC, kidney renal clear cell carcinoma; KIRP, kidney renal papillary cell carcinoma; FDR, false discovery

rate.
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Figure 4 Analysis of upstream miRNAs of SLC7A11 in RCC. (A) The miRSystem platform was used to predict the upstream miRINAs of
SLC7A11; (B) the expression of miR-26a-5p in KICH and normal tissues; (C) the expression of miR-26b-5p in KICH and normal tissues;
(D) the expression of miR-27a-3p in KICH and normal tissues; (E) the expression of miR-27b-3p in KICH and normal tissues; (F) the
expression of miR-32-5p in KICH and normal tissues; (G) the expression of miR-363-3p in KICH and normal tissues; (H) the expression
of miR-26a-5p in KIRC and normal tissues; (I) the expression of miR-26b-5p in KIRC and normal tissues; (J) the expression of miR-27b-3p
in KIRC and normal tissues; (K) the expression of miR-363-3p in KIRC and normal tissues; (L) the expression of miR-26a-5p in KIRP and
normal tissues. Differential expressions from the starBase database in (B-L). **P<0.01; ***P<0.001. RCC, renal cell carcinoma; KIRP, kidney

renal papillary cell carcinoma; KICH, kidney chromophobe cell carcinoma; KIRC, kidney renal clear cell carcinoma.

© Translational Andrology and Urology. All rights reserved.

Transl Androl Urol 2023;12(1):33-57 | https://dx.doi.org/10.21037/tau-22-663



Translational Andrology and Urology, Vol 12, No 1 January 2023

A

Expression level log, (RPM + 0.01)
©

V)

Expression level log, (RPM + 0.01)
N

-2

(9]

1.00 -

0.75

0.50

Survival

0.25

0.00

Expression level of SLC7A11

miR-26b-5p in KIRP

e
°
o o

e —

- i

Normal
(n=32)

Cancer
(n=289)

miR-363-3p in KIRP

8
Cancer Normal
(n=289) (n=32)

Overall survival for hsa-miR-27b-3p in KIRP cancer

High Num =144
Hazard ratio =0.62

— High
— Low

log, (FPKM +0.01)

50 100 150 200

Time, months

Expression level of miR-27b-3p
log, (RPM + 0.01)

B

Survival

miR-27b-3p in KIRP

= 13
o
S . .
+ 2 e
= 12 = =
g . :
5 : .
S 11 .
kel =
E —_—
3 10
= .
Qo
3 9
o
[} [R—
x o
Yos
Cancer Normal
(n=289) (n=32)
1.00 Overall survival for hsa-miR-26a-5p in KICH cancer
Log-rank P=0.18
igh Num =32
Hazard ratio =0.40
0.75
0.50
0.25
— High
— Low
0.00 -
0 50 100 150

Expression level of SLC7A11
log, (FPKM +0.01)

Time, months

KICH

Expression level of miR-26a-5p
log, (RPM + 0.01)

Survival

Expression level log, (RPM + 0.01)

1.00

0.75

0.50

0.25

0.00

Expression level of SLC7A11
log, (FPKM +0.01)

41

miR-32-5p in KIRP

i
°

Normal
(n=32)

Cancer
(n=289)

Overall survival for hsa-miR-27b-3p in KIRC cancer
Log-rank P=0.032
Low Num =259
High Num =258
Hazard ratio =0.72

— High
— Low

0 50 100 150

Time, months

KIRC

Regression (y = -0.4085x + 2.0641

Expression level of miR-27b-3p
log, (RPM + 0.01)
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serve as 2 potential upstream miRNAs of SLC7411 in RCC.

Analysis of the upstream competing endogenous RNA
network of IncRNA/miRNA/SLC7A11 in RCC

To ascertain the upstream molecular mechanism of the
miR-26a-5p-miR-27b-3p-SLC7AI1 axis in RCC, the
miRNet and starBase databases were used to identify
those IncRNAs that may bind to miR-26a-5p or miR-
27b-3p. As indicated online (https://cdn.amegroups.cn/
static/public/10.21037tau-22-663-1.xlsx and https://cdn.
amegroups.cn/static/public/10.21037tau-22-663-2 .xls), 43
and 59 IncRNAs appeared frequently in the dual prediction
IncRNA sets, specifically miR-26a-5p and miR-27b-3p,
respectively. Based on the competing endogenous RNA
(ceRNA) hypothesis, the promising upstream IncRNAs of
miR-26a-5p/miR-27b-3p-SLC7AI11 in RCC should serve
as tumor oncogenic IncRNAs in RCC. First, the levels of
prognostic IncRNAs of miR-26a-5p or miR-27b-3p were
evaluated using the starBase database. Second, a survival
analysis for the upregulated IncRNAs was performed. As
shown in Figure 64-6C, high expression of LINC01703,
SNHG6, and ZNF561-AS1 was linked to poor prognosis in
patients with KICH. Subsequently, TCGA database showed
that only SNHG6 was highly expressed in KICH (fold change
1.4; P=0.064; Figure 6D-6F). As displayed in Figure 6G-61,
there was 1 IncRNA-miRNA pair (SNHG6—miR-26a-5p) with
a negative expression correlation in KICH. As demonstrated
in Figure 74, high expression of CASC19, CYTOR,
HELLPAR, LINC00997, LINC01001, and LINC0O1441 had a
poor prognosis in patients with KIRC. Subsequently, TCGA
database showed that CASC19, CYTOR, and LINC00997
had a significantly higher expression in KIRC (Figure 7B). As
demonstrated in Figure 7C, there were 3 negatively correlated
IncRNA-miRNA pairs (CASC19, CYTOR, LINC00997/
miR-27b-3p) in KIRC. As demonstrated in Figure 84-8E, a
high expression of CASC19, CCDC144NL-AS1, CYTOR,
MIRI00HG, and PVTI was associated with poor prognosis in
patients with KIRP. Subsequently, TCGA database showed
that CASC19, CYTOR, and PV'T1 had a significantly higher
expression in KIRP (Figure 8F-87). As shown in Figure 8K-8M,
3 IncRNA-miRNA pairs (CASC19, CYTOR, PVT1/miR-27b-
3p) had a negative expression correlation in KIRP.

Correlation analysis between SLC7A11 expression and

infiltrating immune cells

Tumor-infiltrating lymphocytes have an impact on the

© Translational Andrology and Urology. All rights reserved.
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survival of individuals with different types of tumors. We
used 6 types of cells including CD4" T cells, macrophages,
B cells, CD8" T cells, neutrophils, and DCs, and correlated
them with tumor purity to determine SLC7A11 expression.
The results showed that the SLC7A411 expression had
a positive link to infiltrating levels of B cells (r=0.394;
P=1.16e-03) and DCs (r=0.458; P=1.24e-04) in KICH,
but no link to CD8" T cells, macrophages, CD4" T cells,
or neutrophils (Figure 9A4). SLC7AI1 expression in KIRC
had a positive association with infiltrating levels of CD4"
T cells (r=0.156; P=7.60e-04), macrophages (r=0.215;
P=4.33¢-06), neutrophils (r=0.275; P=2.02¢-09), and DCs
(r=0.176; P=1.66¢e-04), but no link to B cells or CD8" T
cells (Figure 9B). SLC7A11 expression in KIRP had a
positive association with infiltrating levels of B cells (r=0.308;
P=4.97e-07), CD8" T cells (r=0.365; P=1.54e-09), and DCs
(r=0.165; P=8.36e-03), but no link to neutrophils, CD4" T
cells, or macrophages (Figure 9C).

To comprehensively investigate the possible function
of SLC7A11 in the infiltration of different immune cells
in RCC, we employed the TIMER database to probe into
the link between SLC7A11 expression and various immune
marker sets (immunocytes) including natural killer cells,
CD8" T cells, T cells (general), M1/M2 macrophages,
tumor-associated macrophages (TAMs), neutrophils,
monocytes, B cells, and DCs in KICH, KIRC, and KIRP. In
addition, different functional T cells, including exhausted
T, T helper (TH) 1, Th2, Th9, Th17, Th22, regulator
T (Treg), and T follicular helper (Tth) cells were also
examined in our experiment. For KICH, the levels of the
majority of immune sets marking different T cells, TAMs,
B cells, Th17, Th22, T cells, Tregs, and macrophages
were linked to SLC7A11 expression (Table 1). For KIRC,
the levels of the immune marker set TAMs, T cells,
macrophages, M 1/M2 macrophages, DCs, and neutrophils
were linked to SLC7A11 expression (Table 2). For KIRP, the
levels of the immune marker set TAMs, B cells, different
T cells, natural killer cells, and M2 macrophages were
linked to SLC7A11 expression (Table 3). According to these
findings, SLC7A11 may exert a special function in RCC
immune invasion.

Discussion

It has been reported that KIRC is highly susceptible to
reduced glutathione, which leads to the accumulation of
reactive oxygen species and ferroptosis activation (18-20).
Ferroptosis is a type of regulated cell death that is triggered
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Table 1 Correlation analysis between SLC7A411 and markers of immune cells for KICH in TIMER

43

SLC7A11
Description Gene markers None Purity
r P r P

B cell CcD27 0.237 5.52e-02 0.352 3.99e-03
CD19 0.179 1.5e-01 0.225 7.18e-02
CD38 0.282 2.18e-02 0.392 1.25e-03
CD8" T cell CD8A 0.151 2.26e-01 0.291 1.86e-02
CD8B 0.157 2.08e-01 0.268 3.06e-02
T cell (general) CD3D 0.194 1.18e-01 0.313 1.12e-02
CD3E 0.223 7.24e-02 0.340 5.56e-03
CcD2 0.245 4.78e-02 0.391 1.26e-03
Monocyte CD14 0.119 3.40e-01 0.225 7.13e-02
CD115 0.183 1.40e-01 0.338 5.91e-03
Tth BCL6 0.295 1.64e-02 0.279 2.42e-02
ICOS 0.282 2.18e-02 0.381 1.75e-03
CXCR5 0.100 4.25e-01 0.185 1.40e-01
Th1 T-bet (TBX21) 0.088 4.80e-01 0.170 1.77e-01
STAT1 0.323 8.38e-03 0.355 3.66e-03
STAT4 0.142 2.55e-01 0.271 2.92e-02
IL12RB2 0.095 4.49e-01 0.110 3.81e-01
WSX1(IL27RA) 0.057 6.47e-01 0.171 1.73e-01
IFN-y (IFNG) 0.094 4.51e-01 0.183 1.44e-01
TNF-a (TNF) 0.186 1.35e-01 0.268 3.11e-02
Th2 STAT6 0.022 8.58e-01 0.012 9.22e-01
GATA3 -0.069 5.83e-01 -0.065 6.08e-01
STAT5A 0.149 2.33e-01 0.225 7.14e-02
CCR3 0.350 3.92e-03 0.383 1.65e-03
Th9 TGFBR2 -0.081 5.18e-01 -0.057 6.53e-01
PU.1(SPI1) 0.143 2.51e-01 0.246 4.78e-02
IRF4 0.186 1.34e-01 0.297 1.65e-02

Th17 IL-17A(IL17A) NA NA NA NA
IL-21R(IL21R) 0.237 5.55e-02 0.365 2.75e-03
IL-23R(IL23R) 0.109 3.83e-01 0.134 2.87e-01
STAT3 0.332 6.67e-03 0.390 1.32e-03
Th22 AHR 0.313 1.09e-02 0.329 7.41e-03
CCR10 -0.177 1.55e-01 -0.163 1.94e-01

Table 1 (continued)
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Table 1 (continued)

SLC7A11
Description Gene markers None Purity
r P r P

Treg CD25(IL2RA) 0.267 2.99e-02 0.369 2.47e-03
FOXP3 0.185 1.36e-01 0.238 5.67e-02
CCR8 0.390 1.19e-03 0.441 2.37e-04
T cell exhaustion CTLA4 0.307 1.23e-02 0.416 5.59e-04
PD-1 (PDCD1) 0.187 1.32e-01 0.288 2.00e-02
TIM-3 (HAVCR2) 0.096 4.40e-01 0.177 1.57e-01
LAG3 0.236 5.70e-02 0.299 1.57e-02
TAM CD80 0.242 5.01e-02 0.306 1.32e-02
CD86 0.242 5.08e-02 0.387 1.46e-03
CcCL2 0.004 9.77e-01 0.068 5.90e-01
CCR5 0.287 1.96e-02 0.420 5.03e-04
Macrophage CD68 0.251 4.23e-02 0.403 8.67e-04
CD11b (ITGAM) 0.166 1.83e-01 0.317 1.01e-02
M1 IRF5 0.252 4.11e-02 0.353 3.88e-03
COX2 (PTGS2) 0.158 2.04e-01 0.154 2.20e-01
INOS (NOS2) -0.074 5.53e-01 -0.026 8.36e-01
M2 ARGT1 -0.037 7.69e-01 -0.016 9.01e-01
CD16 (FCGR3B) 0.169 1.75e-01 0.255 4.08e-02
MRC1 0.094 4.52e-01 0.165 1.90e-01
MS4A4A 0.215 8.33e-02 0.371 2.34e-03
Neutrophil CD11b (ITGAM) 0.166 1.83e-01 0.317 1.01e-02
CD15 (FUT4) 0.305 1.32e-02 0.340 5.61e-03
CD66b (CEACAMS) -0.023 8.55e-01 -0.023 8.56e-01
Natural killer cell CD7 0.137 2.73e-01 0.199 1.12e-01
XCL1 0.139 2.67e-01 0.196 1.17e-01
KIR3DL1 0.039 7.58e-01 0.062 6.22e-01
Dendritic cell CD141(THBD) -0.020 8.72e-01 0.028 8.27e-01
CD11c (ITGAX) 0.210 9.10e-02 0.320 9.25e-03
CcDi1C 0.071 5.71e-01 0.168 1.81e-01
Monocyte CD14 0.119 3.40e-01 0.225 7.13e-02
CD16 (FCGR3B) 0.169 1.75e-01 0.255 4.08e-02
CD115 0.183 1.40e-01 0.338 5.91e-03

KICH, kidney chromophobe cell carcinoma; TIMER, Tumor Immune Estimation Resource.
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Table 2 Correlation analysis between SLC7A411 and markers of immune cells for KIRC in TIMER

45

SLC7A11
Description Gene markers None Purity
r P r P

B cell cDh27 -0.024 5.8e-01 -0.080 8.65e-02
CD19 0.101 1.94e-02 0.076 1.01e-01
CD38 0.213 6.74e-07 0.181 9.31e-05
CD8" T cell CD8A 0 9.96e-01 -0.047 3.11e-01
CcD8B -0.047 2.84 e-01 -0.099 3.32e-02
T cell (general) CD3D 0.004 9.27e-01 —-0.053 2.52e-01
CD3E 0.029 5.11e-01 -0.025 5.85e-01
CD2 0.054 2.16e-01 -0.359 9.84e-01
Monocyte CD14 0.222 2.21e-07 0.184 7.34e-05
CD115 0.219 3.33e-07 0.177 1.34e-04
Tth BCL6 0.176 4.23e-05 0.216 2.97e-06
ICOS 0.135 1.73e-03 0.112 1.59e-02
CXCR5 0.177 3.82e-05 0.154 9.31e-04
Th1 T-bet (TBX21) 0.027 5.26e-01 0.011 8.18e-01
STAT1 0.227 1.22e-07 0.197 2.00e-05
STAT4 0.194 6.25e-06 0.192 3.26e-05
IL12RB2 0.118 6.43e-03 0.127 6.16e-03
WSX1 (IL27RA) 0.256 1.96e-09 0.262 1.07e-08
IFN-y (IFNG) 0.024 5.79e-01 -0.009 8.42e-01
TNF-a (TNF) 0.066 1.26e-01 0.047 3.10e-01
Th2 STAT6 0.047 2.75e-01 0.087 6.21e-02
GATA3 0.03 4.83e-01 -0.006 8.92e-01
STAT5A 0.111 1.03e-02 0.071 1.27e-01
CCRS3 0.156 3.07e-04 0.129 5.43e-03
Th9 TGFBR2 0.21 1.02e-06 0.213 4.09e-06
PU.1 (SPI1) 0.128 3.11e-03 0.075 1.09e-01
IRF4 0.208 1.32e-06 0.192 3.34e-05
Th17 IL-17A (IL17A) 0.083 5.42e-02 0.11 1.82e-02
IL-21R (IL21R) 0.245 9.43e-09 0.186 5.71e-05
IL-23R (IL23R) 0.202 2.65e-06 0.202 1.27e-05
STAT3 0.215 5.41e-07 0.197 2.09e-05
Th22 AHR 0.242 1.49e-08 0.261 1.25e-08
CCR10 -0.002 9.62e-01 -0.031 5.11e-01

Table 2 (continued)
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Table 2 (continued)

SLC7A11
Description Gene markers None Purity
r P r P

Treg CD25 (IL2RA) 0.404 2.31e-22 0.383 1.37e-17
FOXP3 0.182 2.31e-05 0.164 4.18e-04
CCRs8 0.271 1.95e-10 0.271 3.45e-09
T cell exhaustion CTLA4 0.093 3.16e-02 0.074 1.12e-01
PD-1 (PDCD1) -0.028 5.13e-01 -0.063 1.76e-01
TIM-3 (HAVCR2) -0.023 5.96e-01 -0.045 3.36e-01
LAG3 -0.007 8.75e-01 -0.055 2.43e-01
TAM CD80 0.256 2.14e-09 0.238 2.21e-07
CD86 0.234 4.68e-08 0.202 1.27e-05
cCL2 0.012 7.82e-01 0.029 5.35e-01
CCR5 0.13 2.65e-03 0.089 5.71e-02
Macrophage CD68 0.216 4.62e-07 0.217 2.57e-06
CD11b (ITGAM) 0.235 4.06e-08 0.209 5.76e-06
M1 IRF5 -0.037 3.98e-01 -0.028 5.44e-01
COX2(PTGS2) 0.36 8.93e-18 0.353 5.39e-15
INOS (NOS2) -0.037 3.94e-01 -0.063 1.79e-01
M2 ARG1 0.014 7.43e-01 0.021 6.51e-01
CD16 (FCGR3A) 0.192 7.83e-06 0.156 7.78e-04
MRC1 0.328 7.29e-15 0.322 1.46e-12
MS4A4A 0.315 1.01e-13 0.294 1.25e-10
Neutrophil CD11b (ITGAM) 0.235 4.06e-08 0.209 5.76e-06
CD15 (FUT4) 0.239 2.37e-08 0.231 5.17e-07
CD66b (CEACAMS) 0.036 4.1e-01 0.049 2.89e-01
Natural killer cell CcD7 -0.026 5.43e-01 -0.086 6.37e-02
XCL1 0.014 7.5e-01 -0.033 4.76e-01
KIR3DL1 -0.007 8.69e-01 -0.008 8.62e-01
Dendritic cell CD141 (THBD) 0.216 4.81e-07 0.226 9.48e-07
CD11c (ITGAX) 0.168 1.01e-04 0.16 5.72e-04
CcD1C 0.107 1.37e-02 0.069 1.39e-01
Monocyte CD14 0.222 2.21e-07 0.184 7.34e-05
CD16 (FCGR3B) 0.178 3.62e-05 0.197 2.01e-05
CD115 0.219 3.33e-07 0.177 1.34e-04

KIRC, kidney renal clear cell carcinoma; TIMER, Tumor Immune Estimation Resource.
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Figure 6 Analysis of the upstream ceRNA network of IncRNAs/miRNAs/SLC7A11 in KICH according to the starBase database. (A) The
overall survival for LINC01703 in KICH; (B) the overall survival for SNHG6 in KICH; (C) the overall survival for ZNF561-AS1 in KICH;
(D) the expression of LINC01703 in KICH and normal tissues; (E) the expression of SNHG6 in KICH and normal tissues; (F) the expression
of ZNF561-AS1 in KICH and normal tissues; (G) the correlation of LINC01703 with SLC7A11 expression in KICH; (H) the correlation of
SNHG6 with SLC7A11 expression in KICH; (I) the correlation of ZNF561-AS1 with SLC7A11 expression in KICH. ***P<0.001. KICH,

kidney chromophobe cell carcinoma; ns, no significance.

by iron-dependent excessive lipid peroxidation (5). The
overexpression of SLC7A11 is common in a variety of
human malignancies and plays a role in importing cysteine
for glutathione production and antioxidant defense (6). A
recent study reported that SLC7A11 overexpression enhances
cancer progression and induces resistance to chemoradiotherapy
partly through suppressing ferroptosis (21). Previous research

© Translational Andrology and Urology. All rights reserved.

has also reported that the differential expression of
SLC7AI11 in KIRC is involved in the onset and progression
of RCC (7). In this study, we further investigated the
prognostic value of SLC7A11 and the potential ceRNA
regulatory network in 3 types of RCC. By differential gene
expression analysis, we found upregulation of SLC7A11 in
most human cancers, including RCC. High expression of
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Table 3 Correlation analysis between SLC7A411 and markers of immune cells for KIRP in TIMER

51

SLC7A11
Description Gene markers None Purity
r P r P

B cell cDh27 0.151 9.85e-03 0.204 9.89e-04
CD19 0.174 2.98e-03 0.207 8.37e-04
CD38 0.319 2.69e-08 0.359 2.93e-09
CD8" T cell CD8A 0.163 5.43e-03 0.197 1.43e-03
CD8B 0.166 4.69e-03 0.205 9.19e-04
T cell (general) CD3D 0.115 5.11e-02 0.15 1.60e-02
CD3E 0.100 8.77e-02 0.14 2.44e-02
CD2 0.082 1.64e-01 0.122 5.07e-02
Monocyte CD14 0.149 1.13e-02 0.174 5.17e-03
CD115 0.139 1.79e-02 0.172 5.53e-03
Tth BCL6 -0.007 9.11e-01 -0.014 8.21e-01
ICOS 0.152 9.48e-03 0.193 1.87e-03
CXCR5 0.206 4.24e-04 0.231 1.79e-04
Th1 T-bet (TBX21) 0.003 9.6e-01 0.031 6.22e-01
STAT1 0.151 1.01e-02 0.144 2.07e-02
STAT4 0.164 5.1e-03 0.204 9.98e-04
IL12RB2 -0.281 1.16e-06 -0.292 1.75e-06
WSX1 (IL27RA) 0.058 3.22e-01 0.082 1.89e-01
IFN-y (IFNG) 0.144 1.44e-02 0.164 8.26e-03
TNF-a (TNF) -0.02 7.36e-01 -0.018 7.79e-01
Th2 STAT6 -0.225 1.1e-04 -0.243 8.12e-05
GATA3 0.225 1.14e-04 0.23 2.00e-04
STAT5A -0.063 2.87e-01 -0.046 4.60e-01
CCRS3 0.091 1.22e-01 0.087 1.65e-01
Th9 TGFBR2 0.02 7.36e-01 0.014 8.20e-01
PU.1 (SPI1) 0.084 1.56e-01 0.096 1.24e-01
IRF4 0.23 7.48e-05 0.261 2.19e-05
Th17 IL-17A (IL17A) 0.026 6.65e-01 0 9.97e-01
IL-21R (IL21R) 0.339 2.98e-09 0.372 6.94e-10
IL-23R (IL23R) 0.045 4.5e-01 0.011 8.61e-01
STAT3 0.065 2.68e-01 0.053 3.97e-01
Th22 AHR -0.25 1.71e-05 -0.29 2.15e-06
CCR10 -0.008 8.88e-01 -0.055 3.83e-01

Table 3 (continued)
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Table 3 (continued)

SLC7A11
Description Gene markers None Purity
r P r P

Treg CD25 (IL2RA) 0.336 4.17e-09 0.359 2.87e-09
FOXP3 0.28 1.32e-06 0.281 4.44e-06
CCR8 0.334 5.51e-09 0.349 8.56e-09
T cell exhaustion CTLA4 0.129 2.76e-02 0.148 1.77e-02
PD-1 (PDCD1) 0.032 5.84e-01 0.046 4.61e-01
TIM-3 (HAVCR2) 0.055 3.48e-01 0.052 4.07e-01
LAG3 0.181 1.94e-03 0.202 1.13e-03
TAM CD80 0.329 9.74e-09 0.353 5.32e-09
CD86 0.144 1.38e-02 0.17 6.12e-03
cCL2 0.155 8.04e-03 0.159 1.07e-02
CCR5 0.179 2.19e-03 0.224 2.94e-04
Macrophage CD68 0.031 5.97e-01 0.036 5.63e-01
CD11b (ITGAM) 0.161 5.85e-03 0.157 1.18e-02
M1 IRF5 -0.138 1.88e-02 -0.144 2.05e-02
COX2 (PTGS2) 0.164 5.12e-03 0.167 7.32e-03
INOS (NOS2) -0.023 7.02e-01 -0.001 9.85e-01
M2 ARG1 -0.048 4.16e-01 -0.05 4.26e-01
CD16 (FCGR3B) 0.258 8.91e-06 0.295 1.37e-06
MRC1 0.321 2.36e-08 0.325 9.34e-08
MS4A4A 0.182 1.9e-03 0.21 6.90e-04
Neutrophil CD11b (ITGAM) 0.161 5.85e-03 0.157 1.18e-02
CD15 (FUT4) -0.056 3.43e-01 -0.076 2.23e-01
CD66b (CEACAMS) -0.01 8.71e-01 0.034 5.87e-01
Natural killer cell CD7 0.134 2.24e-02 0.167 7.01e-03
XCL1 0.195 8.58e-04 0.235 1.35e-04
KIR3DL1 0.139 1.78e-02 0.164 8.35e-03
Dendritic cell CD141 (THBD) -0.016 7.86e-01 -0.062 3.18e-01
CD11c (ITGAX) 0.159 6.68e-03 0.165 8.01e-03
CDi1C 0.089 1.3e-01 0.085 1.76e-01
Monocyte CD14 0.149 1.13e-02 0.174 5.17e-03
CD16 (FCGR3B) 0.048 4.19e-01 0.06 3.37e-01
CD115 0.139 1.79e-02 0.172 5.53e-03

KIRP, kidney renal papillary cell carcinoma; TIMER, Tumor Immune Estimation Resource.
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SLC7AII was linked to a higher risk of KIRC, KICH, and
KIRP. Moreover, the Kaplan-Meier survival plot strongly
illustrated a significantly shorter OS and DFS in patients
with KIRC and elevated expression level of SLC7A11
compared with those with lower expression, with similar
conclusions for the 3 types of RCCs. We further compared
SLC7A11 expression in KIRC, KICH, and KIRP samples
with the clinical characteristics (different grades and stages).
The results showed that upregulation of SLC7A411 is
associated with higher malignancy or later stages of KIRC.
Similar results were also shown in KIRP. However, no
correlation was found between SLC7A11 expression and the
clinical characteristics of patients with KICH, which may be
a result of the smaller number of samples.

miRNAs belong to the small ncRNA family
constituting 20-25 nucleotides. They attach to the target 3'
untranslated region (3'-UTR) of mRNAs and initiate gene
silencing by inhibiting translation and increasing mRNA
degradation (22). Amassed evidence reveals that SLC7A411
mRNA is derepressed by reduced 7¢R-26b in human breast
malignancy, 7iR-274 in bladder malignancy, and miR-375
in oral squamous cell carcinoma (7). Bioinformatics has
shown that SLC7A11 is targeted by various miRNAs, such
as bas-mir-373 and has-mir-372 related to B cell infiltration
in lung adenocarcinoma (23), miR-374b-5p and miR-26b-
5p in collecting duct carcinoma (24), and miRNA-126-3p/5p
in lung adenocarcinoma (25). By using various target gene
prediction programs, we inferred the upstream miRNAs
of SLC7A11 to be miR-26a-5p for KICH and miR-27b-3p
for KIRC and KIRP. Upon conducting expression analysis
and survival analysis for these miRNAs, 7iR-26a-5p and
miR-27b-3p were identified in RCC as potential upstream
miRNAs. Numerous studies have shown that decreased
expression of 7iR-26a-5p and miR-27b-3p is linked to the
occurrence and progression of RCC (26-28). The ceRNA
hypothesis has suggested a novel mechanism for interactions
of ncRNAs and mRNAs, where IncRNAs, miRNAs, and
mRNAs are involved (29). The miRNA can bind to the
3'-UTRs of RNAs to suppress the translation of target genes
in regulatory ceRNA networks (30). By sharing miRNA
response elements with reverse complementary binding
seed regions, IncRNAs can compete for miRNA binding
and indirectly impact translational control and mRNA
stabilization (31). Accumulated research has demonstrated
that the ceRNA gene interaction network plays a crucial
function in tumorigenesis, progression, and prognosis (32).
Consequently, we further investigated the binding IncRNAs
of miR-26a-5p and miR-27b-3p using starBase and miRNet.
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By a cascade of in silico analyses, including survival analysis,
expression analysis, and correlation analysis, we identified
1 negatively correlated IncRNA-miRNA pair (SNHG6/
miR-26a-5p), 3 IncRNA-miRNA pairs (CASC19, CYTOR,
LINC00997/miR-27b-3p) whose expression was negatively
correlated to KIRC, and 3 IncRNA-miRNA pairs (CASCI9,
CYTOR, PVT1/miR-27b-3p) whose expression was negatively
correlated to KIRP (Figure 9D). In addition, a few of the
IncRNAs recorded in these IncRNA-miRNA pairs have
previously been linked to the tumorigenesis of RCC. For
instance, An et 4l. confirmed that elevated SNHG6 expression
was associated with poor OS in RCC (33). Moreover,
CASC19 was found to be overexpressed in KIRC tissues
in vivo and in vitro, while the high expression of CASCI9
was closely linked to unfavorable clinicopathological
parameters and poor clinical outcomes among individuals
with KIRC (34). CYTOR has been shown to play a vital
part in the carcinogenesis of several forms of malignancy
in previous research, but its role in RCC has not been
established (35,36). Furthermore, it was discovered that
overexpression of LINC00997 in KIRC is linked to poor
prognosis, which plays an essential function in enhancing
KIRC metastasis by combining with STAT3, thus elevating
the S100A11 expression level (37). Finally, it has also been
reported that PVT1 was overexpressed in KIRC and KIRP,
and the upregulated PVTI was negatively correlated with
OS (38).

It has been established that RCC is among the major
immune-infiltrating cancers, and the clinical use of
PD-1/PD-L1 antibody has been accepted as front-line
management of metastatic RCC (39). Recently, the link
between immune response and tumor prognosis has
received increasing research attention (4,40). However, the
objective response rate is still less than 30%. The response
to immunotherapy can be predicted using lymphocyte
infiltration as a marker (41). Furthermore, the presence of
intratumoral tertiary lymphoid structures has been linked to
positive clinical outcomes and immunotherapy responses in
cancer. In our study, TIMER was used to evaluate the link
between SLC7A11 and 6 immune-infiltrating cells in RCC.
Our results indicated that in KICH, SLC7A11 expression
was linked to the infiltration of B cells and myeloid DCs. In
KIRC, SLC7A11 expression was significantly linked to the
infiltration of CD4" T cells, macrophages, neutrophils, and
myeloid DCs. Finally, in KIRP, our results demonstrated
that SLC7A11 expression was linked to the infiltration of
B cells, CD8" T cells, and myeloid DCs. These findings
revealed that SLC7A11 might play a vital role in the
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progression of RCCs by controlling the ferroptosis of a
variety of immune cells. These findings are in agreement
with those of another study (40). Further investigation
of infiltrated lymphocyte markers demonstrated that the
levels of the majority of the immune marker sets, including
T cells, B cells, Th17, Th22, Treg, macrophages, and
TAMs, were linked to SLC7A11 expression in KICH.
SLC7A11 expression also showed a positive correlation
with the infiltrating levels of CD4" T cells, macrophages,
neutrophils, M1/M2 macrophages, and DCs in KIRC.
Lastly, the levels of most immune marker sets, including B
cells, different T cells, TAMs, M2 macrophages, and natural
killer cells were linked to SLC7A11 expression in KIRP.
The tumor microenvironment (TME) of RCCs and that
of other tumors types are different. Furthermore, the impact
of tumor-infiltrating CD8" T cells is remarkably different
between tumor types. In a great number of tumors, the
elevation in CD8" density is linked to a better prognosis (42),
whereas previous data suggested that in RCC, elevated CD8"
T cell density is linked to a worse outcome (43,44). KICH
had lower CD8" T cell frequencies relating to immune
cell infiltration than did KIRC and KIRP. A high tumor
grade and shorter survival in patients have been linked to
an abundance of intratumoral CD8" and CD4" T cells in
RCC (41). The tumor-suppressive roles of B-lymphocytes
have been reported by reputable studies, which have
noted a correlation between B cells and prolonged
survival in various cancers (45). On the contrary, another
study found B cells to be linked to reduced OS in RCC,
ovarian cancer, and primary cutaneous melanoma (46).
DCs are important in triggering antitumor immune
responses and in maintaining immune homeostasis (47).
Normal kidney tissue is infiltrated by a large population of
highly diverse DCs, demonstrating active immune monitoring
within the renal parenchyma (48). In RCC, a buildup of
tolerogenic DCs within the TME has been linked to poor
outcomes (49) and probably promotes the overall
immunosuppressed state of the RCC TME. The RCC
parenchyma is also colonized by TAMs, which were first
described as having an M2 phenotype, that plays a role
in the secretion of pro-inflammatory cytokines related to
immune modulation and wound healing (50,51), whereas
an M1 phenotype produces cytokines that enhance
TH1 responses. RCC TAMs, on the other hand, have
been shown to have a mixed M1 and M2 phenotype and
are one of the primary sources of vascular endothelial
growth factor (VEGF) and proinflammatory cytokines,
including interleukin 6 (IL-6), tumor necrosis factor
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(TNF), and IL-1 inside the TME (50). Myeloid-derived
suppressor cells play a significant role in tumor growth as
well. Patients with cancer, particularly KIRC, experience
high levels of circulating myeloid-derived suppressor cells
which rise with disease stage and decrease with tumor
regression (41). According to the majority of research, high
amounts of neutrophils are linked to a poorer prognosis
in a variety of malignancies, including RCC. The link
between neutrophils and patient prognosis is less obvious
in other malignancies; however, studies have found that
neutrophils are linked to a better outcome (52). Taken
together, our findings suggested that SLC7A11 is a
crucial molecule bridging the gap between ferroptosis and
immunotherapy. A recent study has shown the vital role of
ferroptosis in immunotherapy based on the interaction of
ferroptosis with tumor immunotherapy, chemotherapy and
radiotherapy (53). Therefore, our results suggest that
inhibitors targeting SLC7A11 may enhance the effect of
cancer treatment in RCC.

Conclusions

We conducted a systemic evaluation of SLC7A411 expression
and its prognostic value in RCC. Our findings revealed
that SLC7A11 overexpression is linked to favorable survival
and has prognostic value in patients with KICH, KIRC, or
KIRP. As a result, our research not only elucidated a crucial
function of SLC7A11 in RCC but also partially described
the molecular mechanism of SLC7A11 in RCC. Ferroptosis
may be a potential modality for developing potent
combinational therapy approaches in the advanced stage of
anti-cancer therapy. Meanwhile, SLC7411 expression could
be a potential new factor for the stratification of patients
with RCC in guiding ferroptosis and immunotherapy.
These findings, however, need to be experimentally
validated in future studies.
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Figure S1 (A) The overall survival for miR-26b-5p in KICH. (B) The overall survival for miR-27a-3p in KICH. (C) The overall survival for
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The overall survival for miR-26b-5p in KIRP. (J) The overall survival for miR-26a-5p in KIRP. (K) The overall survival for miR-363-3p in
KIRP. (L) The overall survival for miR-32-5p in KIRP. (M) The correlation of miR-26a-5p with SLC7A11 expression in KIRC. (N) The
correlation of miR-26a-5p with SLC7A11 expression in KIRP. (O) The correlation of miR-27b-3p with SLC7A11 expression in KICH.
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