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Solute carrier family 7 member 11 (SLC7A11), glutathione peroxidase 4 (GPX4), and

apoptosis inducing factor mitochondria associated 2 (AIFM2) are the key regulators in

ferroptosis. However, the expression patterns and prognostic roles of these genes in

pan-cancer are still largely unclear. The expression patterns and prognostic roles of

SLC7A11, GPX4, and AIFM2 and the relationships between the expression levels of

these genes and immune infiltration levels in pan-cancer were analyzed by using TIMER,

gene expression profiling interactive analysis (GEPIA), Oncomine, and Kaplan–Meier

databases. Our results showed that both SLC7A11 and GPX4 were overexpressed

in colorectal cancer, and SLC7A11 was overexpressed in lung cancer. High levels

of SLC7A11 and AIFM2 were significantly linked with the shortened disease-free

survival and overall survival (OS) in adrenocortical carcinoma (ACC), respectively. And

high expression of SLC7A11, GPX4, and AIFM2 were significantly correlated with the

shortened OS of acute myeloid leukemia patients. In esophageal carcinoma (ESCA),

GPX4 expression was significantly associated with the infiltration of macrophage and

myeloid dendritic cell, and AIFM2 expression was significantly associated with the

infiltration of CD4+ T cell. Importantly, GPX4 expression was positively correlated with

the expression levels of monocyte markers (CD14 and CD115) and M2 macrophage

markers (VSIG4 and MS4A4A) both in ESCA and in head and neck squamous cell

carcinoma (HNSC). In summary, SLC7A11, GPX4, and AIFM2 are dysregulated in many

types of cancers, and are candidate prognostic biomarkers for many types of cancers,

and can be used to evaluate the infiltration of immune cells in tumor tissues.

Keywords: ferroptosis, SLC7A11, GPX4, AIFM2, pan-cancer

INTRODUCTION

Ferroptosis is a new form of regulated cell death induced by iron-dependent lipid peroxidation
and with the characteristic of oxidative perturbations of the intracellular microenvironment (Chen
et al., 2021). A recent study suggested that ferroptosis might be developed as a natural and
promising therapy against cancer (Wang et al., 2021a). However, up to now, the expression
pattern and prognostic value of key regulators of ferroptosis especially the correlation between the
expression levels of these genes and immune infiltration in pan-cancer are largely unclear.
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Solute carrier family 7 member 11 (SLC7A11), the catalytic
subunit of a heterodimeric cystine/glutamate antiporter (System
Xc−), transports extracellular cystine into cells for glutathione
biosynthesis and is identified as a key regulator of ferroptosis.
Knockout or knockdown of SLC7A11 markedly suppressed the
growth, survival, and tumor formation of cancer cells by inducing
ferroptosis (Daher et al., 2019; Lim et al., 2019;Wang et al., 2020).
Overexpression of SLC7A11 was detected in KRAS-mutant lung
adenocarcinoma (LUAD) and positively correlated with cancer
progression. Genetic depletion or pharmacological inhibition
with sulfasalazine or HG106 markedly induced the cell death of
KRAS-mutant cancer cells in vitro and tumor growth suppression
in vivo (Hu et al., 2020). Immunotherapy-activated CD8+ T
cells secreted interferon gamma (IFNγ), and then downregulated
SLC7A11 in tumor cells and finally promoted cancer cell lipid
peroxidation and ferroptosis (Wang et al., 2019). Combination
of radiotherapy and immunotherapy could enhance the lipid
oxidation and ferroptosis of cancer cells by synergistically
targeting and suppressing SLC7A11 (Lang et al., 2019).

Glutathione peroxidase 4 (GPX4), an antioxidant enzyme and
a key regulator of ferroptosis, could catalyze and reduce lipid
peroxides (Yang et al., 2014). Knockdown of GPX4 could induce
the ferroptosis of oral cancer cells (Fukuda et al., 2021). Inhibiting
GPX4 by resibufogenin (RB) induced ferroptotic cancer cell
death and suppressed tumor growth in vivo (Shen et al., 2021).
GPX4 was reported to be involved in the metformin, miR-324-
3p, and loss of PTPN18 or SRSF9 induced ferroptosis (Deng et al.,
2021; Hou et al., 2021; Wang et al., 2021b,c). Apoptosis inducing
factormitochondria associated 2 (AIFM2, also known as PRG3 or
FSP1), a traditional apoptotic regulator, was identified as a new
ferroptosis regulator and found to block the RSL3-, sorafenib-,
and erastin-induced ferroptosis of cancer cells, and inhibition of
AIFM2-dependent pathway enhanced the antitumor activity of
sorafenib in mouse model (Bersuker et al., 2019; Doll et al., 2019;
Dai et al., 2020).

In the present study, we comprehensively analyzed the mRNA
levels of SLC7A11, GPX4, and AIFM2, and the correlations
between the mRNA levels of these three genes and prognosis
in pan-cancer using databases including Oncomine, gene
expression profiling interactive analysis (GEPIA), TIMER,
and Kaplan–Meier Plotter. We further investigated the
relationships between the expression levels of SLC7A11,
GPX4, and AIFM2 and immune infiltration levels in pan-cancer
by using the TIMER database.

MATERIALS AND METHODS

Kaplan–Meier Plotter Database Analysis
Kaplan–Meier Plotter1 was used to evaluate the prognostic roles
of SLC7A11, GPX4, and AIFM2 in 21 different cancers using
7,462 cancer samples in overall survival (OS) analysis and 4,420
cancer samples in relapse-free survival (RFS) analysis (Nagy
et al., 2021). The best cutoff was automatically selected by the
database program.

1http://kmplot.com/analysis/

TIMER Database Analysis
TIMER database2 was used to analyze the expression patterns of
SLC7A11, GPX4, and AIFM2, and the correlation between the
expression levels of SLC7A11, GPX4, or AIFM2 and immune
infiltration, and the correlation between the expression levels
of SLC7A11, GPX4, or AIFM2 and markers of different subsets
of immune cells [including CD8+ T cells, CD4+ T cells, B
cells, tumor-associated macrophages (TAMs), monocytes, M1
macrophages, M2 macrophages, neutrophils, dendritic cells
(DCs), natural killer (NK) cells, and several types of T cells
including T helper 1 (Th1), Th2, follicular helper T (Tfh),
Th17, regulatory T (Tregs), and exhausted T cells] in pan-cancer
including more than 10,000 samples from The Cancer Genome
Atlas (TCGA) (Li et al., 2016, 2017; Li T. et al., 2020).

Gene Expression Profiling Interactive
Analysis Database Analysis
The GEPIA database3 was used to evaluate the prognostic roles
of SLC7A11, GPX4, and AIFM2 in pan-cancer including 9,736
tumors and 8,587 normal samples from the TCGA and the GTEx
projects (Tang et al., 2017).

Oncomine Database Analysis
The mRNA expression levels of SLC7A11, GPX4, and AIFM2
in several cancers such as breast cancer, colorectal cancer
(CRC), and so on were analyzed by using Oncomine database4

(Rhodes et al., 2007).

Statistical Analysis
The expression patterns and prognostic roles of SLC7A11, GPX4,
and AIFM2 were analyzed by using TIMER, GEPIA, Oncomine,
and Kaplan–Meier databases. The correlation between the
expression levels of SLC7A11, GPX4, or AIFM2 and immune
infiltration, and the correlation between the expression levels
of SLC7A11, GPX4, or AIFM2 and markers of different subsets
of immune cells were analyzed by using TIMER database.
p-Value < 0.05 was regarded as statistically significant.

RESULTS

The mRNA Expression Levels of Solute
Carrier Family 7 Member 11, Glutathione
Peroxidase 4, and Apoptosis Inducing
Factor Mitochondria Associated 2 in
Pan-Cancer
We evaluated the mRNA expression levels of SLC7A11, GPX4,
and AIFM2 in TCGA RNA-seq data by analyzing TIMER
database. The results in Figure 1 showed that all of the
three genes were significantly higher in esophageal carcinoma
(ESCA, head and neck squamous cell carcinoma (HNSC),
kidney chromophobe (KICH), liver hepatocellular carcinoma

2http://timer.cistrome.org
3http://gepia2.cancer-pku.cn/#index
4www.oncomine.org/resource/main.html
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FIGURE 1 | Expression patterns of SLC7A11, GPX4, and AIFM2 in pan-cancer. The expression patterns of SLC7A11, GPX4, and AIFM2 were analyzed by using

TIMER database. ∗p < 0.05; ∗∗p < 0.01; ∗∗∗p < 0.001.

(LIHC), LUAD, stomach adenocarcinoma (STAD), and uterine
corpus endometrial carcinoma (UCEC). Very importantly, both
SLC7A11 and GPX4 were overexpressed in CRC including colon
adenocarcinoma (COAD) and rectum adenocarcinoma (READ)
and upregulated in pan-kidney cohort including kidney renal
clear cell carcinoma (KIRC), KICH, and kidney renal papillary
cell carcinoma (KIRP) comparing with adjacent normal tissues.
We also found that SLC7A11 was overexpressed both in LUAD
and lung squamous cell carcinoma (LUSC).

We also analyzed the mRNA levels of SLC7A11, GPX4, and
AIFM2 in pan-cancer using Oncomime database. The results
showed that SLC7A11 was higher in CRC, esophageal cancer,
head and neck cancer, kidney cancer, liver cancer, lung cancer,
pancreatic cancer, and uterus cancer, and lower in lymphoma
and ovarian cancer (Figure 2 and Supplementary Table 1).
The expression of GPX4 was higher in CRC, gastric cancer,
lymphoma and melanoma, and lower in sarcoma. AIFM2 was
overexpressed in lymphoma and under-expressed in breast
cancer and CRC. Interestingly, both SLC7A11 and GPX4 were
overexpressed in CRC (in 15 and 6 datasets, respectively, Figure 2

and Supplementary Table 1), and these findings suggested that
anti-ferroptosis might be the characteristic of CRC cells.

Prognostic Values of Solute Carrier
Family 7 Member 11, Glutathione
Peroxidase 4, and Apoptosis Inducing
Factor Mitochondria Associated 2 in
Pan-Cancer
Next, we analyzed the prognostic values of SLC7A11, GPX4,
and AIFM2 in pan-cancer using GEPIA database. We found
that high expression of SLC7A11, GPX4, and AIFM2 were
significantly linked with the shortened disease-free survival
in adrenocortical carcinoma (ACC), respectively, and high
expression of SLC7A11 and AIFM2 were significantly associated
with shortened OS in ACC respectively (Figures 3A–I).
And high expression of SLC7A11, GPX4, and AIFM2 were
significantly correlated with the shortened OS of acute myeloid
leukemia (LAML) patients (Figures 3A–C,J–L). Interestingly,
we further found that high expression of SLC7A11 were
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FIGURE 2 | Expression patterns of SLC7A11, GPX4, and AIFM2 in pan-cancer. The expression patterns of SLC7A11, GPX4, and AIFM2 were analyzed by using

Oncomine database. %, gene rank percentile (%).

significantly associated with shortened OS and disease-
free survival of KIRP, LIHC, and MESO (mesothelioma),
and high expression of GPX4 was significantly correlated
with shortened OS and disease-free survival of STAD
(Figures 4A–H).

We also analyzed the prognostic values of SLC7A11, GPX4,
and AIFM2 in pan-cancer using Kaplan–Meier database. High
expression of SLC7A11 was significantly correlated with the

poor OS and RFS in bladder carcinoma, breast cancer, kidney
renal papillary cell carcinoma, liver hepatocellular carcinoma,
and pancreatic ductal adenocarcinoma (Table 1). Importantly,
the higher mRNA levels of SLC7A11, GPX4, and AIFM2 were all
significantly linked with the good OS in UCEC, and both higher
expression of SLC7A11 and AIFM2 were significantly correlated
with the poor OS and RFS in liver hepatocellular carcinoma
(Table 1). Different from SLC7A11 in bladder carcinoma, the
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FIGURE 3 | Prognostic roles of SLC7A11, GPX4, and AIFM2 in pan-cancer. (A–C) Prognostic pattern of SLC7A11, GPX4, and AIFM2 in pan-cancer were analyzed

by using GEPIA database. (D–I) The correlations between SLC7A11, GPX4, or AIFM2 and OS or DFS of ACC patients were evaluated by using GEPIA database.

(J–L) The correlations between SLC7A11, GPX4, or AIFM2 and OS of LAML patients were evaluated by using GEPIA database.
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FIGURE 4 | Prognostic role of SLC7A11 in KIRP, LIHC, and MESO and prognostic role of GPX4 in STAD. (A–F) The correlations between SLC7A11 and OS or DFS

of KIRP, LIHC, and MESO patients were evaluated by using GEPIA database. (G,H) The correlations between GPX4 and OS or DFS of STAD patients were evaluated

by using GEPIA database.

high expression of AIFM2 was significantly associated with the
good OS and RFS (Table 1).

Correlation Between the Expression
Levels of Solute Carrier Family 7
Member 11, Glutathione Peroxidase 4, or
Apoptosis Inducing Factor Mitochondria
Associated 2 and Immune Infiltration in
Pan-Cancer
We further analyzed the correlation between the expression levels
of SLC7A11, GPX4, or AIFM2 and immune infiltration in ESCA,
HNSC, COAD, READ, STAD, and LUAD in which at least two
of the three ferroptosis-associated genes were overexpressed. We
observed that high expression levels of GPX4 and AIFM2 were
significantly associated with tumor purity in ESCA (R = 0.25,
p = 6.93e-04; R = 0.279, p = 1.43e-04) and in HNSC, respectively
(R = 0.223, p = 5.37e-07; R = 0.205, p = 4.41e-06; Figure 5). In
ESCA, the level of SLC7A11 was significantly associated with the
infiltration level of CD4+ T cell (R = −0.211, p = 4.40e-03), and
the level of GPX4 was significantly correlated with the infiltration
level of macrophage (R = 0.256, p = 5.21e-04) and DC (R = 0.254,
p = 5.93e-04), and the level of AIFM2 was markedly linked with
the infiltration level of CD4+ T cell (R = 0.232, p = 1.71e-03).
In HNSC, the level of GPX4 was significantly correlated with
the infiltration level of B cell (R = −0.38, p = 2.41e-18), CD8+

T cell (R = −0.402, p = 1.42e-20), CD4+ T cell (R = 0.356,
p = 3.69e-16), and DC (R = 0.2, p = 7.43e-06), and the level of
AIFM2 was significantly associated with the infiltration level of

B cell (R = −0.425, p = 5.91e-23), CD8+ T cell (R = −0.436,
p = 2.71e-24), and CD4+ T cell (R = 0.41, p = 2.51e-21; Figure 5).

In COAD, the expression of SLC7A11 was significantly
correlated with the infiltration level of CD8+ T cell (R = 0.229,
p = 1.32e-04). In READ, the expression of SLC7A11 were
significantly associated with the infiltration level of neutrophil
(R = 0.295, p = 4.73e-03). In STAD, the expression of SLC7A11
was significantly associated with the infiltration level of CD4+

T cell and macrophage, respectively (R = −0.259, p = 3.13e-
07; R = −0.212, p = 3.09e-05). In LUAD, the expression of
SLC7A11 was significantly associated with the infiltration level
of DC (R = −0.206, p = 4.01e-06), and the expression of
AIFM2 was significantly associated with the infiltration level
of macrophage, neutrophil, and DC, respectively (R = −0.248,
p = 2.34e-08; R = −0.201, p = 6.89e-06; R = −0.218, p = 1.01e-06;
Supplementary Figures 1, 2).

Correlation Between the Expression
Levels of Solute Carrier Family 7
Member 11, Glutathione Peroxidase 4, or
Apoptosis Inducing Factor Mitochondria
Associated 2 and Markers of Different
Subsets of Immune Cells in Pan-Cancer
By analyzing the gene expression data of immune markers in
the TIMER database, we investigated the association between the
levels of SLC7A11, GPX4, and AIFM2 and the status of tumor-
infiltrating immune cells in ESCA, HNSC, COAD, READ, STAD,
and LUAD. The CD8+ T cells, CD4+ T cells, B cells, TAMs,
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TABLE 1 | Prognostic values of SLC7A11, GPX4, and AIFM2 in pan-cancer in Kaplan–Meier database.

SLC7A11 GPX4 AIFM2

OS RFS OS RFS OS RFS

Cancer type HR Confidence
interval

Logrank
p

HR Confidence
interval

Logrank
p

HR Confidence
interval

Logrank
p

HR Confidence
interval

Logrank
p

HR Confidence
interval

Logrank
p

HR Confidence
interval

Logrank
p

Bladder carcinoma 1.45 1.07–1.97 0.017 2.79 1.07–7.28 0.028 0.84 (0.62–1.12) 0.23 0.63 (0.31–1.31) 0.21 0.59 0.43–0.8 0.00057 0.46 0.22–0.93 0.027

Breast cancer 1.51 1.09–2.08 0.011 2.15 1.4–3.32 0.00037 0.86 (0.63–1.19) 0.36 1.25 (0.82–1.93) 0.3 0.75 0.54–1.04 0.087 1.36 0.88–2.1 0.17

Cervical squamous cell
carcinoma

2.92 1.34–6.38 0.0047 2.58 0.78–8.6 0.11 0.64 (0.4–1.03) 0.063 0.9 (0.42–1.96) 0.8 1.39 0.77–2.5 0.27 3.37 1.01–11.26 0.036

Esophageal adenocarcinoma 2.16 0.9–5.18 0.079 0.27 0.03–2.66 0.23 0.55 (0.29–1.06) 0.072 0.98 (0.14–7.1) 0.99 1.61 0.84–3.09 0.15 0.44 0.04–4.42 0.47

Esophageal squamous cell
carcinoma

1.92 0.85–4.32 0.11 1.98 0.75–5.22 0.16 0.78 (0.35–1.74) 0.55 0.88 (0.34–2.27) 0.79 1.82 0.81–4.11 0.14 0.55 0.2–1.49 0.23

Head-neck squamous cell
carcinoma

1.44 1.08–1.91 0.012 0.52 0.21–1.3 0.16 0.89 (0.68–1.16) 0.38 1.63 (0.76–3.49) 0.2 1.39 1.06–1.83 0.018 1.83 0.76–4.38 0.17

Kidney renal clear cell
carcinoma

1.75 1.28–2.39 0.00038 1.66 0.6–4.59 0.32 0.89 (0.66–1.2) 0.44 1.17 (0.42–3.25) 0.76 1.45 1.08–1.96 0.014 3.09 0.87–11.02 0.067

Kidney renal papillary cell
carcinoma

4.65 2.53–8.54 4.8E-08 4.4 2.02–9.58 0.000045 0.73 (0.4–1.32) 0.29 0.44 (0.19–0.97) 0.038 0.65 0.35–1.2 0.16 0.66 0.31–1.41 0.28

Liver hepatocellular carcinoma 2.45 1.71–3.51 0.00000044 1.96 1.35–2.83 0.00029 1.07 (0.76–1.52) 0.68 1.01 (0.72–1.4) 0.97 1.66 1.15-2.4 0.0067 1.48 1.07–2.06 0.019

Lung adenocarcinoma 1.51 1.11–2.07 0.0088 1.3 0.85–1.97 0.22 0.74 (0.55–0.99) 0.042 0.76 (0.5–1.15) 0.19 1.28 0.95–1.73 0.1 0.71 0.44–1.13 0.14

Lung squamous cell carcinoma 1.13 0.87–1.49 0.36 1.36 0.82–2.26 0.22 1.11 (0.84–1.45) 0.47 0.9 (0.54–1.48) 0.67 1.22 0.91–1.64 0.18 2.65 1.26–5.59 0.0075

Ovarian cancer 0.59 0.45–0.78 0.00018 0.72 0.5–1.03 0.07 0.89 (0.68–1.15) 0.36 0.99 (0.7–1.4) 0.95 1.28 0.98–1.68 0.071 1.39 0.97–1.99 0.07

Pancreatic ductal
adenocarcinoma

1.71 1.1–2.67 0.017 7.45 0.99–55.88 0.022 0.92 (0.61–1.39) 0.7 0.62 (0.26–1.49) 0.28 1.23 0.79–1.91 0.36 2.74 1.01–7.41 0.039

Pheochromocytoma and
paraganglioma

285028315.8 0–Inf 0.16 2.37 0.33–16.9 0.37 0.52 (0.1–2.88) 0.45 0.34 (0.04–3.3) 0.33 0.45 0.08–2.51 0.35 284354140 0–Inf 0.25

Rectum adenocarcinoma 0.17 0.04–0.73 0.0066 0.25 0.03–2.2 0.18 1.27 (0.58–2.77) 0.55 0.77 (0.14–4.32) 0.76 1.72 0.78–3.81 0.17 278078065 0–Inf 0.17

Sarcoma 1.64 1.1–2.45 0.014 1.4 0.87–2.27 0.17 0.77 (0.52–1.15) 0.2 1.18 (0.73–1.91) 0.5 0.52 0.34–0.79 0.0016 0.72 0.42–1.23 0.22

Stomach adenocarcinoma 0.73 0.53–1.01 0.056 0.39 0.19–0.79 0.0071 1.32 (0.95–1.83) 0.096 2.56 (1.28–5.12) 0.006 0.62 0.42–0.91 0.015 0.56 0.29–1.1 0.088

Testicular germ cell tumor 6.45 0.65–63.76 0.07 2.11 0.96–4.63 0.058 1.77 (0.16–19.57) 0.64 1.53 (0.69–3.37) 0.29 0.31 0.04–2.21 0.22 2.93 1.01–8.48 0.038

Thymoma 3.59 0.88–14.69 0.059 NA NA NA 1.07 (0.28–4.12) 0.92 NA NA NA 22.12 2.48–197.59 0.00021 NA NA NA

Thyroid carcinoma 3.44 1.11–10.67 0.023 0.36 0.12–1.05 0.051 0.28 (0.09–0.87) 0.019 0.8 (0.37–1.73) 0.57 1.84 0.69–4.94 0.22 0.53 0.24–1.14 0.098

Uterine corpus endometrial
carcinoma

0.56 0.37–0.86 0.0072 0.6 0.35–1 0.049 0.54 (0.35–0.82) 0.0037 0.87 (0.52–1.46) 0.6 0.5 0.33–0.77 0.0013 0.72 0.41–1.25 0.24

Red: significant (p < 0.05).
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FIGURE 5 | Correlation analysis of SLC7A11, GPX4, or AIFM2 and infiltration levels of immune cells in ESCA and HNSC. The correlation analysis of SLC7A11,

GPX4, or AIFM2 and infiltration levels of immune cells in ESCA and HNSC was performed by using TIMER database.

monocytes, M1 macrophages, M2 macrophages, neutrophils,
DCs, NK cells, and several types of T cells including Th1, Th2,
Tfh, Th17, Tregs, and exhausted T cells were analyzed in our
study. The correlation analysis in the present study was adjusted
for purity because of the influence of tumor purity on the
immune infiltration.

In ESCA, GPX4 expression was significantly correlated with
the expression of markers of immune cells (at least two significant
correlated markers in one cell type) such as monocyte markers,
CD14 (R = 0.299, p = 4.59e-05) and CD115 (R = 0.252, p = 6.57e-
04); TAM markers, CCL2 (R = 0.341, p = 2.84e-06) and IL10
(R = 0.288, p = 8.65e-05); M1 macrophage markers, iNOS

(R = −0.29, p = 7.63e-05), IL6 (R = 0.293, p = 6.57e-05), and
CD64 (R = 0.29, p = 7.74e-05); M2 macrophage markers, VSIG4
(R = 0.307, p = 2.73e-05) and MS4A4A (R = 0.307, p = 2.73e-05);
and DC markers, BDCA-1 (R = 0.244, p = 9.68e-04) and BDCA-
4 (R = 0.26, p = 4.14e-04; Table 2). In HNSC, GPX4 expression
was significantly correlated with the expression of markers of
immune cells (at least two significant correlated markers in one
cell type) such as B cell markers, CD19 (R = 0.207, p = 3.51e-06)
and CD27 (R = 0.248, p = 2.52e-08); monocyte markers, CD14
(R = 0.205, p = 4.74e-06) and CD115 (R = 0.236, p = 1.14e-07);
M1 macrophage markers, iNOS (R = 0.293, p = 3.65e-11) and
CD64 (R = 0.282, p = 1.79e-10); M2 macrophage markers, VSIG4
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TABLE 2 | Correlation between the expression levels of SLC7A11, GPX4, or AIFM2 and markers of different subsets of immune cells in ESCA and HNSC.

ESCA HNSC

SLC7A11 GPX4 AIFM2 SLC7A11 GPX4 AIFM2

None Purity None Purity None Purity None Purity None Purity None Purity

Description Gene markers Cor p Cor p Cor p Cor p Cor p Cor p Cor p Cor p Cor p Cor p Cor p Cor p

CD8+ T cell CD8A −0.189 1.02E-02 −0.136 6.86E-02 −0.055 4.59E-01 0.017 8.19E-01 0.008 9.16E-01 0.11 1.42E-01 -0.334 4.12E-15 -0.339 1.04E-14 0.049 2.67E-01 0.097 3.11E-02 0.024 5.92E-01 0.088 5.03E-02

CD8B −0.224 2.21E-03 −0.179 1.63E-02 −0.11 1.35E-01 −0.055 4.61E-01 0.077 2.96E-01 0.173 2.03E-02 -0.376 5.95E-19 -0.381 1.87E-18 0.105 1.67E-02 0.146 1.17E-03 0.059 1.81E-01 0.116 9.72E-03

T cell (general) CD3D −0.195 7.85E-03 −0.122 1.04E-01 −0.094 2.01E-01 −0.008 9.13E-01 0.029 6.94E-01 0.173 2.00E-02 -0.406 3.89E-22 -0.404 1.01E-20 0.136 1.86E-03 0.199 8.71E-06 0.082 6.04E-02 0.158 4.49E-04

CD3E −0.233 1.44E-03 −0.163 2.89E-02 −0.07 3.43E-01 0.034 6.47E-01 −0.022 7.65E-01 0.125 9.50E-02 -0.332 7.31E-15 -0.327 1.09E-13 0.134 2.21E-03 0.193 1.61E-05 0.098 2.49E-02 0.175 9.69E-05

CD2 −0.197 7.16E-03 −0.127 8.84E-02 −0.113 1.26E-01 −0.031 6.75E-01 0.057 4.44E-01 0.199 7.34E-03 -0.375 7.15E-19 -0.373 1.04E-17 0.154 4.29E-04 0.209 2.84E-06 0.091 3.86E-02 0.16 3.72E-04

B cell CD19 −0.154 3.69E-02 −0.079 2.89E-01 −0.146 4.77E-02 −0.066 3.77E-01 0.041 5.77E-01 0.18 1.55E-02 −0.179 3.75E-05 −0.168 1.83E-04 0.153 4.66E-04 0.207 3.51E-06 0.169 1.02E-04 0.239 8.30E-08

CD79A −0.081 2.74E-01 −0.017 8.20E-01 −0.108 1.43E-01 −0.022 7.69E-01 0.056 4.45E-01 0.181 1.53E-02 −0.114 9.43E-03 −0.103 2.24E-02 0.142 1.13E-03 0.191 1.99E-05 0.176 5.40E-05 0.239 7.97E-08

CD27 −0.135 6.72E-02 −0.057 4.46E-01 −0.07 3.47E-01 0.017 8.19E-01 0.039 6.02E-01 0.176 1.83E-02 −0.279 8.48E-11 −0.275 5.15E-10 0.187 1.62E-05 0.248 2.52E-08 0.14 1.38E-03 0.218 1.07E-06

Monocyte CD14 −0.203 5.56E-03 −0.134 7.20E-02 0.192 8.69E-03 0.299 4.59E-05 −0.048 5.18E-01 0.076 3.13E-01 −0.219 4.38E-07 −0.216 1.36E-06 0.137 1.69E-03 0.205 4.74E-06 0.056 1.98E-01 0.124 5.71E-03

CD115 (CSF1R) −0.14 5.78E-02 −0.079 2.91E-01 0.151 4.06E-02 0.252 6.57E-04 0.004 9.56E-01 0.118 1.13E-01 −0.203 2.93E-06 −0.194 1.49E-05 0.17 9.10E-05 0.236 1.14E-07 0.102 1.93E-02 0.171 1.42E-04

TAM CCL2 −0.17 2.07E-02 −0.105 1.60E-01 0.25 6.04E-04 0.341 2.84E-06 −0.123 9.40E-02 −0.027 7.20E-01 −0.051 2.46E-01 −0.039 3.93E-01 0.132 2.55E-03 0.192 1.76E-05 0.199 4.61E-06 0.262 3.59E-09

CD68 −0.003 9.67E-01 0.043 5.64E-01 −0.021 7.73E-01 0.021 7.76E-01 0.085 2.48E-01 0.161 3.06E-02 0.086 4.93E-02 0.093 3.88E-02 0.032 4.65E-01 0.061 1.74E-01 0.092 3.65E-02 0.126 5.15E-03

IL10 −0.13 7.81E-02 −0.082 2.76E-01 0.207 4.70E-03 0.288 8.65E-05 −0.097 1.91E-01 −0.023 7.63E-01 −0.109 1.29E-02 −0.107 1.75E-02 0.008 8.53E-01 0.071 1.16E-01 0.009 8.33E-01 0.08 7.55E-02

M1 Macrophage INOS(NOS2) 0.055 4.58E-01 0.053 4.76E-01 −0.261 3.24E-04 −0.29 7.63E-05 0.349 1.13E-06 0.359 7.45E-07 0.017 7.03E-01 0.025 5.75E-01 0.305 1.10E-12 0.293 3.65E-11 0.347 3.51E-16 0.337 1.44E-14

CD80 −0.037 6.21E-01 0.033 6.56E-01 0.095 2.00E-01 0.174 1.98E-02 0.016 8.26E-01 0.123 9.87E-02 −0.162 2.07E-04 −0.157 4.92E-04 0.12 6.24E-03 0.172 1.20E-04 0.092 3.60E-02 0.161 3.39E-04

IRF5 −0.028 7.05E-01 0.005 9.45E-01 0.094 2.01E-01 0.141 5.95E-02 −0.215 3.34E-03 −0.182 1.44E-02 −0.031 4.83E-01 −0.024 6.03E-01 0.129 3.26E-03 0.117 9.24E-03 0.318 1.00E-13 0.319 4.54E-13

IL6 0.066 3.69E-01 0.132 7.67E-02 0.211 3.86E-03 0.293 6.57E-05 −0.024 7.48E-01 0.058 4.42E-01 0.285 3.43E-11 0.296 2.26E-11 −0.009 8.34E-01 0.023 6.14E-01 0.178 4.50E-05 0.227 3.40E-07

CD64 (FCGR1A) −0.06 4.15E-01 0.013 8.60E-01 0.191 9.22E-03 0.29 7.74E-05 0.002 9.76E-01 0.12 1.10E-01 −0.227 1.59E-07 −0.229 2.72E-07 0.217 5.31E-07 0.282 1.79E-10 0.158 2.80E-04 0.215 1.42E-06

M2 Macrophage CD163 −0.108 1.44E-01 −0.042 5.76E-01 0.099 1.82E-01 0.193 9.47E-03 0.109 1.40E-01 0.231 1.80E-03 −0.044 3.17E-01 −0.039 3.88E-01 0.075 8.50E-02 0.142 1.56E-03 0.137 1.65E-03 0.211 2.36E-06

VSIG4 −0.081 2.71E-01 −0.016 8.29E-01 0.213 3.56E-03 0.307 2.73E-05 0.059 4.21E-01 0.175 1.91E-02 −0.055 2.11E-01 −0.051 2.63E-01 0.148 7.10E-04 0.217 1.12E-06 0.158 2.79E-04 0.217 1.16E-06

MS4A4A −0.098 1.84E-01 −0.027 7.22E-01 0.139 5.99E-02 0.24 1.16E-03 0.015 8.35E-01 0.133 7.54E-02 −0.133 2.37E-03 −0.129 4.25E-03 0.174 6.25E-05 0.248 2.44E-08 0.136 1.87E-03 0.207 3.66E-06

Neutrophils CD66b (CEACAM8) −0.021 7.81E-01 0.001 9.88E-01 −0.275 1.49E-04 −0.263 3.61E-04 0.006 9.35E-01 0.042 5.71E-01 −0.041 3.52E-01 −0.019 6.67E-01 0.137 1.71E-03 0.106 1.85E-02 0.131 2.78E-03 0.124 6.06E-03

CD11b (ITGAM) −0.206 4.93E-03 −0.144 5.45E-02 0.11 1.37E-01 0.194 9.17E-03 −0.019 7.97E-01 0.089 2.33E-01 −0.165 1.56E-04 −0.143 1.51E-03 0.217 5.62E-07 0.236 1.12E-07 0.213 9.20E-07 0.243 4.77E-08

Natural killer cell KIR2DL1 −0.096 1.93E-01 −0.058 4.40E-01 −0.099 1.78E-01 −0.045 5.45E-01 −0.011 8.87E-01 0.066 3.80E-01 −0.08 6.64E-02 −0.071 1.14E-01 −0.018 6.86E-01 0.003 9.48E-01 0.039 3.70E-01 0.08 7.47E-02

KIR2DL3 −0.071 3.37E-01 −0.059 4.33E-01 0.055 4.58E-01 0.084 2.60E-01 −0.001 9.86E-01 0.022 7.66E-01 −0.204 2.58E-06 −0.195 1.27E-05 0.004 9.18E-01 0.037 4.17E-01 0.004 9.35E-01 0.033 4.62E-01

KIR3DL1 −0.166 2.40E-02 −0.129 8.32E-02 −0.077 2.96E-01 −0.03 6.90E-01 0.086 2.43E-01 0.155 3.82E-02 −0.155 3.79E-04 −0.153 6.87E-04 −0.02 6.41E-01 0.006 8.88E-01 0.002 9.60E-01 0.039 3.88E-01

KIR3DL2 −0.104 1.58E-01 −0.049 5.11E-01 0.01 8.88E-01 0.053 4.83E-01 −0.146 4.71E-02 −0.076 3.12E-01 −0.202 3.24E-06 −0.187 2.86E-05 0.074 9.02E-02 0.095 3.43E-02 0.089 4.32E-02 0.127 4.81E-03

Dendritic cell BDCA-1 (CD1C) −0.183 1.26E-02 −0.121 1.07E-01 0.122 9.92E-02 0.244 9.68E-04 −0.21 4.20E-03 −0.107 1.53E-01 −0.137 1.69E-03 −0.113 1.19E-02 0.102 1.93E-02 0.155 5.76E-04 0.012 7.80E-01 0.058 2.03E-01

BDCA-4 (NRP1) −0.017 8.15E-01 0.043 5.68E-01 0.18 1.40E-02 0.26 4.14E-04 0.049 5.05E-01 0.14 6.18E-02 0.061 1.61E-01 0.059 1.92E-01 −0.008 8.63E-01 0.046 3.06E-01 0.054 2.19E-01 0.094 3.78E-02

CD11c (ITGAX) −0.119 1.07E-01 −0.02 7.93E-01 0.046 5.36E-01 0.188 1.16E-02 −0.001 9.93E-01 0.172 2.13E-02 −0.093 3.35E-02 −0.08 7.64E-02 0.168 1.18E-04 0.233 1.73E-07 0.201 3.58E-06 0.283 1.64E-10

Th1 T-bet (TBX21) −0.213 3.60E-03 −0.146 5.10E-02 −0.11 1.38E-01 −0.009 9.04E-01 −0.018 8.05E-01 0.121 1.05E-01 −0.325 2.89E-14 −0.322 2.50E-13 0.135 1.94E-03 0.179 6.68E-05 0.108 1.36E-02 0.167 1.94E-04

STAT4 −0.207 4.70E-03 −0.122 1.02E-01 −0.011 8.78E-01 0.12 1.07E-01 −0.135 6.65E-02 0.005 9.45E-01 −0.212 1.04E-06 −0.204 5.06E-06 0.18 3.38E-05 0.248 2.41E-08 0.11 1.22E-02 0.181 5.53E-05

STAT1 −0.075 3.13E-01 −0.026 7.28E-01 −0.074 3.16E-01 −0.036 6.27E-01 0.014 8.50E-01 0.086 2.49E-01 −0.135 2.01E-03 −0.124 5.71E-03 −0.184 2.25E-05 −0.149 8.80E-04 −0.018 6.74E-01 0.032 4.84E-01

Th2 GATA3 −0.282 1.01E-04 −0.234 1.55E-03 0.084 2.58E-01 0.147 4.93E-02 −0.251 5.56E-04 −0.188 1.13E-02 −0.259 1.99E-09 −0.275 5.33E-10 0.012 7.77E-01 0.058 1.95E-01 −0.14 1.36E-03 −0.1 2.73E-02

STAT6 0.001 9.86E-01 −0.019 7.97E-01 −0.17 2.09E-02 −0.175 1.85E-02 0.275 1.52E-04 0.264 3.44E-04 0.048 2.77E-01 0.041 3.66E-01 −0.046 2.97E-01 −0.06 1.87E-01 0.223 2.69E-07 0.209 2.82E-06

IL13 −0.15 4.19E-02 −0.112 1.34E-01 −0.057 4.42E-01 0.036 6.33E-01 −0.001 9.89E-01 0.078 2.99E-01 −0.115 8.64E-03 −0.112 1.27E-02 0.083 5.93E-02 0.122 6.66E-03 0.035 4.20E-01 0.077 8.94E-02

Tfh BCL6 0.195 7.91E-03 0.212 4.27E-03 0.36 4.64E-07 0.382 1.19E-07 −0.215 3.27E-03 −0.221 2.85E-03 0.164 1.75E-04 0.166 2.19E-04 0.204 2.70E-06 0.169 1.61E-04 0.387 4.30E-20 0.348 1.70E-15

IL21 −0.135 6.66E-02 −0.093 2.15E-01 −0.003 9.64E-01 0.061 4.16E-01 −0.026 7.27E-01 0.043 5.64E-01 −0.143 1.09E-03 −0.139 2.02E-03 0.003 9.40E-01 0.031 4.95E-01 0.061 1.67E-01 0.097 3.11E-02

Th17 STAT3 −0.058 4.37E-01 −0.035 6.40E-01 −0.153 3.82E-02 −0.114 1.28E-01 0.12 1.04E-01 0.163 2.87E-02 0.008 8.51E-01 0.024 5.98E-01 −0.043 3.30E-01 −0.047 2.97E-01 0.156 3.39E-04 0.15 8.43E-04

IL17A 0.07 3.42E-01 0.076 3.13E-01 −0.162 2.73E-02 −0.161 3.11E-02 0.276 1.43E-04 0.294 6.23E-05 −0.056 2.03E-01 −0.043 3.44E-01 −0.008 8.62E-01 0.006 8.92E-01 0.003 9.46E-01 0.026 5.68E-01

Treg FOXP3 −0.148 4.43E-02 −0.085 2.59E-01 0.068 3.60E-01 0.147 4.93E-02 0.037 6.18E-01 0.155 3.75E-02 −0.191 1.17E-05 −0.179 6.72E-05 0.14 1.37E-03 0.184 3.98E-05 0.133 2.24E-03 0.197 1.09E-05

CCR8 −0.095 1.99E-01 −0.03 6.94E-01 0.057 4.44E-01 0.139 6.18E-02 0.081 2.72E-01 0.194 9.12E-03 −0.039 3.75E-01 −0.022 6.30E-01 0.049 2.60E-01 0.082 6.79E-02 0.097 2.70E-02 0.151 8.02E-04

STAT5B 0.085 2.48E-01 0.084 2.62E-01 −0.001 9.91E-01 0.004 9.58E-01 0.305 2.50E-05 0.322 1.06E-05 0.057 1.94E-01 0.059 1.89E-01 0.146 8.16E-04 0.152 7.34E-04 0.257 2.55E-09 0.26 4.78E-09

T cell exhaustion PD-1 (PDCD1) −0.211 3.89E-03 −0.157 3.54E-02 0.006 9.35E-01 0.091 2.24E-01 0.05 4.96E-01 0.165 2.66E-02 −0.359 2.34E-17 −0.358 2.50E-16 0.13 2.82E-03 0.18 5.73E-05 0.118 7.05E-03 0.187 3.02E-05

CTLA4 −0.161 2.81E-02 −0.096 2.02E-01 0.026 7.29E-01 0.121 1.06E-01 0.01 8.96E-01 0.135 7.17E-02 −0.335 3.37E-15 −0.339 1.11E-14 0.155 3.74E-04 0.223 5.83E-07 0.1 2.19E-02 0.185 3.57E-05

LAG3 −0.125 9.08E-02 −0.068 3.64E-01 0.091 2.19E-01 0.17 2.28E-02 −0.008 9.10E-01 0.09 2.28E-01 −0.384 7.99E-20 −0.384 8.91E-19 0.124 4.67E-03 0.168 1.79E-04 0.099 2.33E-02 0.161 3.27E-04

TIM-3 (HAVCR2) −0.125 8.98E-02 −0.049 5.16E-01 0.156 3.39E-02 0.268 2.81E-04 −0.011 8.85E-01 0.115 1.23E-01 −0.249 8.27E-09 −0.241 6.06E-08 0.202 3.20E-06 0.259 5.35E-09 0.156 3.38E-04 0.222 6.20E-07

GZMB −0.117 1.12E-01 −0.053 4.82E-01 0.025 7.37E-01 0.115 1.25E-01 −0.027 7.14E-01 0.078 2.97E-01 −0.337 2.48E-15 −0.33 6.23E-14 0.026 5.58E-01 0.067 1.37E-01 0.03 4.97E-01 0.092 4.20E-02

Red: | R| ≥ 0. 2 and p < 0.05.
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(R = 0.217, p = 1.12e-06) and MS4A4A (R = 0.248, p = 2.44e-08);
and T cell exhaustion markers, CTLA4 (R = 0.223, p = 5.83e-07)
and TIM-3 (R = 0.259, p = 5.35e-09; Table 2). Interestingly, both
in ESCA and HNSC, the expression of GPX4 was significantly
positively associated with the monocyte markers, CD14 and
CD115, and the M2 macrophage markers, VSIG4 and MS4A4A.

In HNSC, the expression of SLC7A11 was negatively
correlated with CD8+ T cell markers, CD8A (R = −0.339,
p = 1.04e-14) and CD8B (R = −0.381, p = 1.87e-18); T cell
(general) markers, CD3D (R = −0.404, p = 1.01e-20), CD3E
(R = −0.327, p = 1.09e-13), and CD2 (R = −0.373, p = 1.04e-
17); B cell marker, CD27 (R = −0.275, p = 5.15e-10); monocyte
marker, CD14 (R = −0.216, p = 1.36e-06); M1 macrophage
marker, CD64 (R = −0.229, p = 2.72e-07); Th1 markers, T-bet
(R = −0.322, p = 2.50e-13) and STAT4 (R = −0.204, p = 5.06e-
06); Th2 marker, GATA3 (R = −0.275, p = 5.33e-10); and T cell
exhaustion markers, PD-1 (R = −0.358, p = 2.50e-16), CTLA4
(R = −0.339, p = 1.11e-14), LAG3 (R = −0.384, p = 8.91e-19),
TIM-3 (R = −0.241, p = 6.06e-08), and GZMB (R = −0.33,
p = 6.23e-14; Table 2). In HNSC, the expression of AIFM2
was significantly correlated with the expression of markers of
immune cells (at least two significant correlated markers in one
cell type) such as B cell, CD19 (R = 0.239, p = 8.30e-08), CD79A
(R = 0.239, p = 7.97e-08), and CD27 (R = 0.218, p = 1.07e-
06); M1 macrophage markers, iNOS (R = 0.337, p = 1.44e-14),
IRF5 (R = 0.319, p = 4.54e-13), IL6 (R = 0.227, p = 3.40e-
07), and CD64 (R = 0.215, p = 1.42e-06); and M2 macrophage
markers, CD163 (R = 0.211, p = 2.36e-06), VSIG4 (R = 0.217,
p = 1.16e-06), and MS4A4A (R = 0.207, p = 3.66e-06; Table 2).
Very interestingly, the expression of AIFM2 was significantly
associated with the expression of STAT6 and STAT5B both
in ESCA and HNSC.

In READ, SLC7A11 expression was significantly correlated
with the expression of markers of immune cells (at least two
significant correlated markers in one cell type) such as monocyte
markers, CD14 (R = −0.286, p = 6.48e-04) and CD115 (R = −0.2,
p = 1.84e-02); and DC markers, BDCA-1 (R = −0.232, p = 6.04e-
03) and BDCA-4 (R = 0.256, p = 2.31e-03; Supplementary

Table 2). GPX4 expression was associated with the expression
of marker immune cells (at least two significant correlated
markers in one cell type) such as monocyte markers, CD14
(R = 0.339, p = 4.58e-05) and CD115 (R = 0.269, p = 1.36e-
03); M1 macrophage markers, iNOS (R = −0.242, p = 4.08e-03)
and CD64 (R = 0.334, p = 6.00e-05); and DC markers, BDCA-1
(R = 0.218, p = 9.79e-03) and BDCA-4 (R = −0.205, p = 1.53e-02;
Supplementary Table 2).

In LUAD, SLC7A11 expression was significantly correlated
with the expression of markers of immune cells (at least two
significant correlated markers in one cell type) such as M1
macrophage markers, CD80 (R = −0.217, p = 1.20e-06) and
IRF5 (R = −0.246, p = 3.25e-08); and DC markers, BDCA-
1 (R = −0.346, p = 2.62e-15) and BDCA-4 (R = −0.227,
p = 3.48e-07). GPX4 expression was significantly correlated
with the expression of markers of immune cells (at least two
significant correlated markers in one cell type) such as M1
macrophage markers, CD80 (R = −0.229, p = 2.85e-07) and
CD64 (R = −0.204, p = 5.23e-06); and M2 macrophage markers,

VSIG4 (R = −0.216, p = 1.36e-06) and MS4A4A (R = −0.234,
p = 1.44e-07; Supplementary Table 2).

In COAD and STAD, there were no correlations between
SLC7A11/GPX4/AIFM2 with the expression of markers of
immune cells (at least two significant correlated markers
in one cell type).

Very interestingly, the expression of SLC7A11 was
significantly positively associated with the level of STAT1 in
COAD, READ, and STAD (R = 0.256, p = 1.77e-07; R = 0.337,
p = 5.07e-05; R = 0.21, p = 3.78e-05). The expression of GPX4
was significantly negatively associated with the level of STAT3 in
COAD, READ, and LUAD (R =−0.217, p = 1.02e-05; R =−0.288,
p = 5.98e-04; R = −0.229, p = 2.77e-07).

DISCUSSION

Recent studies reported that therapy-resistant tumor cells were
vulnerable to ferroptosis; therefore, ferroptosis induction will
be a potential therapeutic method for tumors especially drug-
resistant tumors (Li B. et al., 2020; Jiang et al., 2021). Our
study found that both SLC7A11 and GPX4 were overexpressed
in CRC, and SLC7A11 was highly expressed in lung cancer
by analyzing TIMER and Oncomine databases. These findings
were consistent with the published literatures. SLC7A11 and
GPX4 were highly expressed in CRC cell lines and CRC tissues
compared with paired normal tissues, and downregulation of
SLC7A11 by talaroconvolutin or downregulation of GPX4 by
apatinib or inactivation of GPX4 by resibufogenin could induce
ferroptosis of CRC cells (Yagublu et al., 2011; Ma et al., 2015;
Xia et al., 2020; Shen et al., 2021; Tian et al., 2021). SLC7A11
was overexpressed in non-small cell lung cancer (NSCLC)
tissues and its overexpression was significantly correlated with
poor prognosis of NSCLC patients (Ji et al., 2018). Inhibition
of SLC7A11 by sulforaphane or YTHDC2 (a m6A reader)
induced the ferroptosis of lung cancer cells and suppressed the
progression of lung cancer (Hu et al., 2020; Iida et al., 2021; Ma
et al., 2021). Interestingly, our results also showed that AIFM2
was overexpressed in ESCA and HNSC; however, up to now, the
roles and mechanisms of AIFM2 in the progression of ESCA and
HNSC were still unknown.

By analyzing the GEPIA database, we found that high
expression of SLC7A11, GPX4, and AIFM2 were correlated
with the shortened disease-free survival in ACC respectively,
and high expression of SLC7A11 and AIFM2 were significantly
associated with shortened overall survival in ACC respectively.
Previous studies have reported that human ACC cells NCI-
H295R cell line was sensitive to ferroptosis induction, and the
mRNA level of SLC7A11 was higher in ACCs than in normal
adrenal glands (nAGs) and its low expression was significantly
associated with good OS of ACC patients (Belavgeni et al.,
2019; Weigand et al., 2020). However, the functional roles and
regulatory mechanisms of SLC7A11, GPX4, and AIFM2 in the
ferroptosis of ACC cells were still unclear. Our study also revealed
that high expression of SLC7A11, GPX4, and AIFM2 were
significantly correlated with the lower overall survival of LAML.
A previous study reported that combination of APR-246 and

Frontiers in Cell and Developmental Biology | www.frontiersin.org 10 October 2021 | Volume 9 | Article 748925

https://www.frontiersin.org/journals/cell-and-developmental-biology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/cell-and-developmental-biology#articles


Shi et al. Ferroptosis-Associated Genes in Pan-Cancer

inactivation of SLC7A11/GPX4 could synergistically promote the
ferroptosis of AML cells both in in vivo and ex vivo experiments
(Birsen et al., 2021). However, how SLC7A11 and GPX4 were
regulated in LAML and whether AIFM2 was involved in the
regulation of ferroptosis of AML cells were still largely unknown.
Therefore, future studies should focus on the roles of ferroptosis
in the progression of ACC and LAML, especially the regulatory
mechanisms of SLC7A11 or GPX4 or AIFM2 in ferroptosis of
ACC and LAML cells.

Although a previous study reported that GPX4 could prevent
Treg cells from lipid peroxidation and ferroptosis (Xu et al.,
2021), whether SLC7A11, GPX4, and AIFM2 participated in
the regulation of ferroptosis of other immune cells and tumor
progression is still largely unknown. Our study demonstrated
that in ESCA, GPX4 expression was significantly associated with
the infiltration of macrophage and myeloid DC, and AIFM2
expression was significantly associated with the infiltration of
CD4+ T cell. These findings suggested that GPX4 and AIFM2
might be involved in the progression of esophageal cancer
probably by regulating the ferroptosis of different immune
cells. Our results also showed that the expression levels of
GPX4 and AIFM2 were correlated with the infiltration of B
cell, CD8+ T cell, and CD4+ T cell in HNSC, respectively.
This suggested that GPX4 and AIFM2 played important roles
in regulating tumor immunity by affecting the ferroptosis of
B cell, CD8+ T cell, and CD4+ T cell in HNSC. Our study
also reported that the expression of AIFM2 was significantly
correlated with the expression of markers of B cell including
CD19, CD79A, and CD27.

Interestingly, our study also indicated that GPX4 expression
was positively correlated with the expression levels of monocyte
markers including CD14 and CD115 and M2 macrophage
markers including VSIG4 and MS4A4A both in ESCA and in
HNSC. Hsieh et al. reported that zero-valent-iron nanoparticle
(ZVI-NP) could promote the shift from pro-tumor M2
macrophages to anti-tumor M1 macrophages and finally
inhibit the tumor progression (Hsieh et al., 2021). Our
results suggested that activation of M2 macrophages in
ESCA and HNSC might be correlated with high expression
of GPX4.

CONCLUSION

Our results suggest that SLC7A11, GPX4, and AIFM2 are
dysregulated in many types of cancers, and are candidate
prognostic biomarkers for many types of cancers, and can be
used to evaluate the infiltration of immune cells in tumor tissues.
Future studies should focus on the regulation of ferroptosis of
tumor cells and immune cells in different types of cancers.
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