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Purpose: Only a few studies have reported the role of FOXS]1, a transcriptional factor, in the tumor development process. In this
article, we investigate the function of FOXS1 in distinct neoplastic development and the tumor immune microenvironment (TIME).
Patients and Methods: The latent roles of FOXS1 in various tumors were prospected based on TCGA, GTEx, CCLE, GEPIA2,
cBioPortal, TIMER, ImmuCellAl databases, GSVA datasets, GSEA datasets, and R packages. The expression difference, gene
alteration, clinical characteristics, prognostic values, biological mechanism, potential pathways, tumor microenvironment, and immune
cell infiltration related to FOXS1 were appraised.

Results: FOXS1 was strongly expressed in pan-cancer, and this gene was associated with low survival rates. FOXS1 was linked to
many pathways that are cancer-promoting and immune-related. The expression of this transcriptional factor in cancers was positively
related to immune cell infiltration, especially M2-like macrophages and Treg cells. In addition to that, FOXS1 demonstrated a positive
relationship with many immune-suppression genes, such as TGFBI and ARORA2A.

Conclusion: Our study identified an oncogenic effect of FOXS1, which may play a vital role as a prognosticative biological marker in
pan-cancer. Exorbitant expression of FOXS1 is associated with high TAMs and Treg cells infiltration. These cells have an
immunosuppressive function and promote the development of the immunosuppressive tumor microenvironment. The research of
FOXSI1 provided a potential drug target for tumor immunotherapy.
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Introduction

The latest report from International Agency for Research on Cancer in 2021 estimated that by 2020, there were nearly
19 million fresh cancer cases and 10 million cancer deaths worldwide.' Cancer treatment imposes an enormous economic
burden on the global healthcare system.” Thus, the priority in the tumor research domain is to distinguish the cellular and
molecular mechanisms of tumors, therefore encouraging the development of more helpful strategies for cancer diag-
nostics, treatment, and prognosis.> The tumor microenvironment (TME) disorder, specifically tumor immune micro-
environment (TIME), plays a crucial role in cancer malignant progression.® Previous studies have displayed that
oncogenes, alone or cooperatively, regulate the tumor microenvironment and host immune responses in multiple tumor
types.” Furthermore, The Clinical success of cancer immunotherapies has revolutionized traditional cancer treatment.®
Cancer immunotherapy with immune checkpoint inhibitors (ICIs) is progressively becoming a cornerstone in treating
some cancer types.” However, only a minority of patients respond to these agents.® One significant stumbling block to
forceful immunological therapy is the highly immunosuppressive tumor immune microenvironment (TIME).” We
attempted to recognize genes that play central roles in TIME due to this.
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Forkhead box (FOX) families constitute a superfamily of evolutionarily conserved transcriptional factors, which play
an essential role in a broad spectrum of cellular processes such as metabolism, development, differentiation, apoptosis,
migration, and invasion.'”'" So far, only a few studies have investigated the role of forkhead box S1 (FOXS1), which is
a member of this family, in tumor development. Some of the reported findings are contradictory. In human gastric cancer
tissues, FOXS1 downregulates the wnt/p-catenin signaling pathway and hinders the epithelial-mesenchymal transition of
tumor (EMT) and cell diffusion. However, other studies found that FOXS1 is guided by GLI1 and miR-125a-5p and
stimulates epithelial-mesenchymal transition of tumor (EMT) and cell diffusion.'*'® Thus, more studies are required to
explore the unknown molecular mechanisms involved in tumor progression and metastasis.

In this paper, we aim to provide a comprehensive, longitudinal view of FOXS1 using a multi-omics approach. Our work
extracted datasets from several databases such as ImmuCellAl, GEPIA2, TIMER, cBioPortal Oncomine, and TGCA to
investigate the relationship between FOXS1 expression levels and pan-cancer. Our findings suggested that FOXS1 has
diagnosis and prognosis value in most cancer types. Notably, overexpression of FOXSI is associated with poor survival rates
in cancer patients, which may be attributed to the immunosuppressive tumor microenvironment. All in all, the achieved
conclusions point out that FOXS1 may be an effective drug target for the future development of tumor immunotherapy.

Materials and Methods

Data Collection

We obtained the genome location information of the FOXS1 gene from the UCSC genome browser on human Dec.2013
(GRCh38/hg38) assembly (http://genome.ucsc.edu/). Based on the UCSC XENA website (https://xenabrowser.net/data
pages/), the FOXS1 expression data and corresponding clinical characteristics in The Cancer Genome Atlas (TCGA),

Genotype-Tissue Expression (GTEx), and Cancer Cell Line Encyclopedia (CCLE) were retrieved.'* Most data analyses
were performed using R (V.4.0.2, https://www.r-project.org/), and graphs were created utilizing the R packages including

CERNNT3

the “ggradar”, “ggplot2”, “limma”, “survival”, “survminer”, “forestplot”, “ggpubr” and “cluster-Profiler” projects.
Differences of expression between class members were detected by Student’s #-test, and all analyses were considered
statistically significant as P < 0.05. The cBioPortal website (https://www.cbioportal.org/) was used to evaluate methyla-

tion modification and genetic alteration of tumor tissues.'”

Prognostic Value of FOXSI

For the FOXS1 mRNA expression analysis, tumor patients were stratified according to the median expression value into
the “low” group (expression levels < median) and “high” group (expression levels > median). Kaplan—-Meier curves were
constructed using GEPIA2 (http://gepia2.cancer-pku.cn/#analysis; version 2) and the R packages “survival” and “surv-

miner” were used to uncover the discrepancies in patient survival of different cancer.'® To perform survival analysis, we
applied a univariate Cox proportional hazards model through the survival package of the R statistical suite.'” Four
clinical survival outcome endpoints were chosen for this pan-cancer clinical endpoints analysis, which are the overall
survival (OS), disease-specific survival (DSS), disease-free interval (DFI), and progression-free interval (PFI). P>0.05
was not considered significantly different, while P < 0.05 was considered statistically significant.

GSEA and GSVA

Gene set enrichment analyses were conducted using GSEA and GSVA.'®!'? Using R packages “clusterProfiler”, GSEA
was applied for appraising the potential biological process activity and variation in the pathway. We also utilized GSVA
to measure enrichment scores in pan-cancer. A total of 50 hallmark pathways were applied in the GSVA R package
(v1.32.0). Adjusted P-values < 0.05 were considered statistically significant.

Correlation Analysis Between FOXSI Expression and Tumor Microenvironment

Two different approaches were employed to assess FOXS1 level versus TEM in pan-cancer. In the first method, tumor
purity in human cancers was calculated using the ESTIMATE R package. Stromal and Immune scores represented the
plenitude of stromal and immune components. ESTIMATE score reflects tumor purity to some extent. In the Second
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method, a previous study was employed as a reference to investigate TME-related biological processes.'® Next, based on
the TCGA database, we exploited the “Immune Gene” module of the TIMER2, ImmuCellAl platform, and referred to
a previous study to estimate the relationship between FOXS1 expression and immune cell infiltration across different
tumor types.”?* The correlation of FOXS1 expression with immune-related genes, such as major histocompatibility
complex (MHC), immunosuppressive genes, chemokine, and chemokine receptor, was also assessed using R packages.

Results

FOXSI is Highly Expressed in Multiple Cancers

FOXSI is an intron-less gene located in the chromosomal region of 20q11.1—q11.2 (Figure 1A). FOXS1 was transcribed
in different normal human tissues, with the highest gene transcript level in the blood vessel sample, while the lowest level
was found in the blood (GTEx database) (Figure 1B). As shown in Figure 1C, FOXS1 was expressed in all tumor tissues
with the highest level in PAAD and the lowest level in LAML (33 cancer samples from the TGCA database). Our
outcomes also suggested that the transcript level of FOXS1 was highest in CESC, and lower in some other tumor cells
(CCLE database) (Figure 1D). Next, analysis of FOXS1 mRNA expression from TCGA databases (33 cancers) and
GTEx data (corresponding normal tissues) showed an upregulation of FOXS1 gene in tumor types from ACC, BLCA,
BRCA, CHOL, COAD, DLBC, ESCA, GBM, HNSC, KIRC, LAML, LGG, LIHC, LUSC, OV, PAAD, PCPG, PRAD,
READ, SKCM, STAD, and THYM (Figure 1E). In contrast, it exhibited low expression in CESC, KICH, KIRP, LUAD,
TGCT, UCEC (Figure 1E). There was no statistical significance in the expression level of FOXS1 in SARC, THCA, UCS
(P > 0.05). Consistently, for paired cancer types in the TCGA profiles, FOXS1 was upregulated in BLCA, BRCA,
CHOL, COAD, ESCA, HNSC, KIRC, LIHC, PRAD, SEAD, and THCA (Supplementary Figure S1). However, its
expression was downregulated in KIRP (Supplementary Figure S1). In addition, we analyzed the FOXS1 transcript levels

in different tumor stages. High expression of FOXS1 was correlated with advanced pathological stage in ACC, BLCA,
BRCA, ESCA, KIRC, and KIRP (Figure 1F-K).

Genetic Alteration and Methylation Modification of FOXSI in Pan-Cancer

We used cBioPortal (TCGA dataset) to analyze genetic alterations in FOXS1. Results showed that this gene was changed
in 25 cancer types, with amplification being the most regular alteration (Figure 2A). Continually, we utilized Pearson’s
correlation to investigate the relationship between the FOXS1 gene methylation levels and the transcript level. Results
indicated that DNA methylation was significantly negatively correlated with FOXS1 expression in patients with PCPG,
LGG, UVM, SARC, KIRC, KIRP, UCS, MESO (=1 < Pearson r < —0.3), and in PRAD, BRCA, COAD, PAAD, TCGT,
UCEC, CESC, THCA (-0.3 < Pearson r < —0.1) (Figure 2B and Supplementary Figure S2). In addition, we generated
Kaplan—Meier survival curves to determine the prognostic value of FOXS1 promoter methylation (Supplementary Figure

S3). These curves manifested that the FOXS1 promoter methylation level has a positive relationship with the overall
survival (OS) in KIRP, LGG, PRAD, STAD, and UVM. In contrast, a high degree of FOXS1 promoter methylation was
associated with worse OS in HNSC. For progression-free interval (PFI), the level of FOXS1 methylation was a protective
factor in LGG and OV. FOXS1 methylation was also linked to an increased disease-free interval (DFI) for patients with
MESO. Furthermore, in KIRP, LGG, LUSC, OV, and UVM, disease-specific survival (DSS) was lower in patients with
hypomethylated FOXS1 than the patients with hypermethylated FOXS1. However, the level of FOXS1 methylation was
related to reduced DSS in patients with SKCM.

Prognostic Value of FOXSI in Various Cancers

Based on the transcriptional levels of FOXS1, we categorized the patients into high and low expression groups. As
shown in the survival heat map, high FOXSI level was significantly linked to poor overall survival (Figure 3A).
Moreover, Kaplan-Meier curves uncovered that high expression of FOXS1 was associated with worse OS prognosis in
ACC (p =0.0011), CESC (p = 0.026), COAD (p = 0.00083), ESCA (p = 0.041), KICH (p = 0.024), KIRC (p = 0.029),
KIRP (p <0.00001), LAML (p = 0.018), LGG (p = 0.00029), LICH (p = 0.034), MESO (p = 0.0035), PAAD (p = 0.014),
SKCM (p = 0.0057), STAD (p = 0.0003), TCGT (p = 0.0044), and UVM (p = 0.00026) (Figure 3B—Q). Next, we
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Figure | FOXSI characteristics and its differential expression levels between cancer samples and normal body tissues. (A) Genomic location of the FOXSI gene. (B-D)
Mean transcriptional level of FOXSI in normal tissues, TCGA, and tumor cell lines. (E) Expression levels of FOXSI in cancer tissues and corresponding normal tissues. (F—
K) FOXSI transcript-level in different pathological stages in ACC, BLCA, BRCA, ESCA, KIRP, and KIRC. The data was log2 (transcripts per million [TPM] + |) transformed,
and only significant results were shown. (*p < 0.05, **p < 0.01, **p < 0.001, and ****p < 0.0001).

generated four forest plots for OS, PFI, DFI, DSS. For OS, high FOXS1 expression was associated with lower OS in
patients with ACC (p = 0.018), LGG (p = 0.00029), LICH (p = 0.034), MESO (p = 0.0035), PAAD (p = 0.014), SKCM

(p = 0.0057), STAD (p = 0.0003), TCGT (p = 0.0044), and UVM (p =0.00026) (Figure 4A). For PFI, better PFI rates
were detected in patients with low FOXS1 in ACC (P = 0.0091), CESC (P = 0.027), COAD (P = 0.047), KIRP (P <
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Figure 2 Genetic alternations of FOXS| in different cancer types (cBioportal). (A) The alternation frequency of FOXSI occurred in pan-cancer. (B) Correlations between
DNA methylation and the mRNA level of FOXSI (p < 0.05).

0.00001), MESO (P = 0.0039), PRAD (P < 0.00001), STAD (P =0.011), and UVM (P = 0.0013). However, low FOXS1
expression was linked to worse PFI rates in THCA (p =0.0026) (Figure 4B). For DFI, high FOXS1 level correlated with
lower DFI in patients with ACC (P = 0.0049), ESCA (P = 0.031), KIRP (P = 0.00036), PRAD (P = 0.0011), and STAD
(P = 0.016) (Figure 4C). On the other hand, the results were clear that high expression of FOXS1 was related to bad
clinical outcomes of ACC (P = 0.0014), COAD (P = 0.0023), ESCA (P = 0.02), KIRP (P < 0.00001), LGG (P = 0.003),
MESO (P = 0.0043), STAD (P = 0.0093), THYM (P = 0.032), and UVM (P= 0.0079) for DSS (Figure 4D).

GSVA and GSEA Analysis of FOXSI in Cancers

To determine the potential pathways of FOXS1 in cancers, we utilized GSVA to evaluate which biological hallmark
pathways were associated with this gene expression. For GSVA, we found that FOXS1 was linked to several prolifera-
tion-related and immune-related pathways, such as EMT, angiogenesis, Notch Signaling, TGF-beta signaling, KRAS
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Figure 3 Relationship between FOXSI level and OS. (A) The survival heat map from the GEPIA2 tool. (B-Q) Kaplan-Meier curves were used to characterize OS in pan-
cancer. High expression of FOXS| was associated with worse OS prognosis in ACC, CESC, COAD, ESCA, KICH, KIRC), KIRP, LAML, LGG, LICH, MESO, PAAD, SKCM,
STAD, TCGT, and UVM. Only significant differences were indicated in the results. (R packages “survival” and “survminer”).

signaling, Wnt/beta-catenin signaling, IL2 signaling pathway (Figure 5). We also found that the expression of FOXSI
was associated with tumor progression and immune regulation-related biological mechanisms in GSEA, including blood
vessel development, vasculature development, cell adhesion, cell activation, immune system development as well as
adaptive and innate immune response (Supplementary Figure S4). The data above demonstrated that FOXS1 may plays
an essential role in cancer progression and tumor immune responses.

Correlations of FOXS| Expression with TME

Cancer cell behavior is strongly influenced by the surrounding cells of the tumor microenvironment (TME). We used ESTIMATE
to compute the TME-related scores and Tumor purity (Figure 6). We found FOXS1 expression was associated with Stromal Score
(except DLBC and LAML) (Figure 6A and E). We also ascertained that FOXS1 expressions are positively related to ESTIMATE
scores (except DLBC, ACC, SARC, MESO, OV, and LAML) (Figure 6B and E). Furthermore, low FOXS1 expression was
linked to low immune scores in BLCA, COAD, READ, ESCA, LICH, PAAD, PCPG, PRAD (1 >r> 0.3) and BRCA, HNSC,
KIRP, KIRC, LGG, LUAD, LUSC, SKCM, STAD, UCEC, UVM (0.3 >r > 0.1). However, FOXS1 expression was negatively
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Figure 4 Prognostic value of FOXS| based on TGCA dataset in various cancers. Univariate Cox regression analysis was used to analyze the correlation between FOXSI
mRNA expression and OS (A), PFl (B), DFI (C), DSS (D) across 33 tumors.
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Figure 5 GSVA of FOXSI in pan-cancer. The heatmap exhibits the relationship between FOXS| expression and 50 Hallmark pathways. (*p < 0.05, **p < 0.01, ***p < 0.001,
ok
p < 0.0001).

related to immune scores in OV (Figure 6C and E). In addition, we found tumor purity had a negative correlation with FOXS1
expression in patients with BLCA, BRCA, CESC, COAD, READ, ESCA, GBM, HNSC, KIRC, KIRP, LGG, LIHC, LUAD,
LUSC, PAAD, PCPG, PRAD, SKCM, STAD, TGCT, THCA, UCEC, UCS, and UVM (Figure 6D and E). Next, the association
between the FOXSI level and different signatures in pan-cancer was displayed in Figure 7. FOXS1 expression was positively
linked with stromal and immune relevant signature (Figure 7). The data above proved that FOXS]1 plays a key role in the tumor
microenvironment (TME) disorder (Figures 6 and 7).
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Immune Cell Infiltration and Immune-Related Genes Analysis

Algorithms of TIMER2 were utilized to assess the possible relationship between FOXS1 gene expression and changes in the
infiltration of diverse immune cell subtypes. A statistically positive correlation was observed between FOXS1 expression and
immunoregulatory cell populations including Treg cells and the immune infiltration of tumor-associated macrophages
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Figure 7 Correlation between FOXS| expression and TME-related biological processes. (*p < 0.05, **p < 0.01, ***p < 0.001, ***p < 0.0001).

(TAMs), especially M2-like TAMs (Figure 8A). Using the ImmuCellAl database and a recently published study, the
character of FOXS1 in immune cell infiltration was also investigated. Outcomes displayed that the level of Treg cell and
TAM infiltration was remarkably positively associated with FOXS1 expression in most cancer types, which is consistent with
the TIMER2 results (Figure 8B and C). Cancer-associated fibroblasts (CAFs) and endothelial cells were also positively
associated with FOXS1 gene levels in most cancers (Figure 8A). Next, we explored the correlation between FOXS1
expression and immune-related genes through co-expression analyses in different cancer types. Our studies showed that
FOXS1 expression was positively correlated with part major histocompatibility complex (MHC) (Figure 9A), immunosup-
pressive marker genes (Figure 9B), chemokines (Figure 9C), and chemokine receptors (Figure 9D). In these immunosup-
pressive genes, TGFBI and ARORA2A were noticeably correlated with FOXS1 expression in most cancer types.

Discussion

The mammalian Forkhead family of transcription factors belongs to the “winged helix” class of DNA-binding proteins
and encompasses 19 subfamilies, and the human genome contains over 40 FOX genes.”> ?°> They reveal a functional
diversity in cell metabolism, apoptosis differentiation, migration, and proliferation.?® Previous studies showed FOXS1
plays a crucial role in embryogenesis, particularly for normal testes and brain tissues development, and FOXSI1 is
silenced in most nontumor tissues.***’* To date, however, the role of FOXS1 in pan-cancer is far from conclusive. Only
a few studies have been showing the role of FOXS1 S1 in tumor development, and even conflicting data have been
reported. In gastric cancer, FOXS1 downregulates the wnt/B-catenin signaling pathway and inhibits proliferation,
metastasis, and EMT in SNU-216 cells but promotes EMT and cell6 proliferation regulated by GLI1 and miR-125a-5p
in SGC7901 and BGC823 cells.'**° Similar contradictions have been published in liver cancer research.’®>!

Our data suggest that FOXS1 is overexpressed in most tumor types, indicating that this gene is likely functioning as
an oncogene in tumor progression. Like alpha-fetoprotein (AFP) in HCC, FOXS1 may have the oncofetal expression
pattern: a peculiar gene highly expressed in embryonic tissues and silenced in normal adult cells but reactivated in
tumors.>'*? This view has been confirmed in our study as the FOXS1 promoter methylation level was negatively
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Figure 8 Relationship between FOXS| expression and different immune cells infiltration levels. Correlation between FOXS| expression and different immune-related cells
from TIMER2 database (A), InmuCellAl database (B) a recent study (C). (*P < 0.05, *P < 0.01, **P < 0.001, ****P < 0.0001).

correlated with its transcription in most cancer types. A high FOXS1 promoter methylation level can serve as
a prognostic biomarker. Furthermore, we generated Kaplan—Meier survival curves and Cox proportional hazards
model analysis to ascertain the prognostic value of FOXSI1 in tumor types. These results highlighted FOXS1 as
a significant prognostic biomarker in pan-cancer. Next, our GSVA and GSEA results suggested that FOXS]1 is linked
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Figure 9 Correlation between FOXS| transcript-level and immune-related genes including MHC genes (A), immunosuppressive genes (B), chemokines (C), and chemokine
receptors (D) (*p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001).

to several proliferation-related and immune-related pathways, such as EMT, angiogenesis, Notch Signaling, TGF-beta
signaling, KRAS signaling, Wnt/beta-catenin signaling, IL2 signaling pathway.

The TME in cancer comprises epithelial cells, immune cells, cancer-associated fibroblasts (CAFs), stromal compo-
nents, extracellular matrix, blood vessels, and signaling molecules.* Interactions between cancer cells and nonmalignant
cells construct a TME that influences cancer development and progression.>* The nonmalignant cells in the TME often
play a pro-tumorigenic function in stimulating uncontrolled cell proliferation at all phases of carcinogenesis.’® These
cells also provide an easy pathway for cancer cells to invade adjacent healthy tissues and spread to other parts of the body
through blood vessels or lymphatics.>> The TME incorporates several cellular components, including endothelial cells,
fibroblast, and immune cells. As we know, the most influential immune cells in the TME are the tumor associated-
macrophages (TAMs) and Treg cells.***® These immune cells have diverse functions in cancer development and
progression. They can suppress antitumor immune mechanisms responses and enhance the possibilities of tumors to
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evade an immune attack and then help cancer cells extravasate at distant sites.’” In the present study, FOXSI is
negatively correlated with Tumor Purity. Immediately after, we utilized three different approaches to estimate how
FOXSI1 levels correlate with immune-related cells. We obtained similar outcomes. The expression of transcriptional
factors (FOXS1) in cancers was positively related to Treg cells and TAMs, especially M2-like macrophages. These
results suggested that FOXS1 may be a feasible drug target to reduce the infiltration level of Treg cells and TAMs.
Finally, our study further unraveled an intense link between FOXS1 expression level and immune-related genes.
Significantly, in most tumor types, FOXS1 expression was correlated with TGFBI and ARORA2A, which were verified
to be the immune-suppressing genes in the tumor microenvironment.>®>° TGFBI and ARORA2A can inhibit the
generation, differentiation, and immune responses, as well as induce Treg cells infiltration into tumor
microenvironment.*®*° Altogether, these results demonstrated that FOXS1 may affects the tumor microenvironment,
and the upregulation of FOXS1 refers to the immunosuppression microenvironment. FOXS1 may be a feasible drug
target to reduce the infiltration level of Treg cells and TAMs. So, our studies suggested downregulated FOXS1 gene will
be the new strategy in tumor immunotherapy. However, our study had some limitations. First, it was mainly dependent on
bioinformatics analysis and based on public patient data. Second, because of funding constraints, we could not include

more wet-lab experimentalists in vivo and in vitro.

Conclusion

To the best of our knowledge, our research is the first study to explore the potential key role of FOXS1 as a biological
predictive and prognostic marker in pan-cancer. Using bioinformatics analysis, we have identified FOXS1 over-
expression to be predictive of a high level of Treg cells and TAMs infiltration, leading to a tumor immunosuppressive
microenvironment. Future research should validate these results and explore the upstream and downstream signal
pathways of FOXS1.
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