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Comprehensive pan-cancer
analysis and experimental
validation reveal FCHSD1
as a potential biomarker
for diagnosis, immune
infiltration, and prognosis

Ming Liu*?, Guixin Ding®, Gonglin Tang?, Shangjing Liu?,
Qiancheng Mao?, Xidong Wang?, Qingsong Zou?*
and Jitao Wu?

tSecond Clinical Medical College, Binzhou Medical University, Yantai, Shandong, China, ?Department
of Urology, Yantai Yuhuangding Hospital, Qingdao University, Yantai, Shandong, China

Background: FCHSD1 is a member of the F-BAR family containing one amino
terminal F-BAR domain and two SH3 domains. At present, there are no relevant
pan-cancer comprehensive studies on the predictive potential and immune
infiltration of FCHSD1 for cancer.

Methods: FCHSD1 expression profiles were analyzed through the use of various
tools, including TIMER, GEPIA, R packages, and the UALCAN database. The
genetic alteration status of FCHSD1 in human pan-cancer was studied using
the cBioPortal website. The effect of FCHSD1 on immune infiltration was
examined using the TIMER and TISIDB databases. We confirmed the
association between FCHSD1 expression and patient prognosis using survival
analysis from GEPIA and R packages. The drug database was utilized to analyze
the sensitivity of FCHSD1 to drugs. The FCHSD1 interactive genes were obtained
through the STRING and GeneMANIA platforms, respectively, and analyzed by
GO and KEGG. The expression and function of FCHSD1 in renal cancer cells and
tissues have also been biologically validated in vitro.

Results: FCHSD1 expression was found to be elevated in tumor tissues compared
to adjacent tissues. The expression of FCHSD1 varied across different clinical
stages, pathological stages, immune types, and molecular subtypes. Higher
expression of FCHSD1 predicts worse outcomes for several cancer types, such
as CHOL and KIRC. High FCHSD1 expression was positively correlated with
immune cell infiltration in different cancer types. Additionally, the FCHSD1 co-
expression gene network may be involved in endocytosis. In vitro experiments
revealed that the expression of FCHSD1 in renal cancer cells and tissues was
higher than that in normal cells and adjacent non-cancerous tissues. Functional
assays revealed that FCHSD1 knockdown significantly suppressed proliferation
and migration in ACHN and 769P cells.
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Conclusion: FCHSD1 has the potential to serve as a prognostic and
immunological marker for pan-cancer, and may also be a crucial target for
future immunotherapy.

FCHSD1, expression profile, prognosis, immune infiltration, pan-cancer

Introduction

Cancer represents one of the most formidable global public
health challenges, posing a significant threat to human health and
survival (1). This disease imposes a significant global health and
economic burden. Current therapeutic strategies for cancer
primarily include surgery, chemotherapy, radiotherapy, targeted
therapy, and immunotherapy (2). Although these therapies have
shown efficacy in cancer treatment, patient prognosis remains
suboptimal due to drug resistance and side effects. In recent
years, targeted therapies have demonstrated remarkable progress
in improving treatment response rates, prolonging progression-free
survival, reducing treatment-related toxicity, and decreasing
cancer-specific mortality. However, due to tumor heterogeneity
and the development of multiple drug resistance mechanisms, the
clinical benefits of targeted therapies remain limited, with
suboptimal improvements in long-term patient outcomes. In this
context, the identification of clinically relevant biomarkers is of
paramount importance for facilitating early diagnosis, accurate
prognostic assessment, and optimization of treatment strategies.

In 2004, Masuko Katoh et al. identified and characterized the
FCHSDI1 and FCHSD2 genes. Previous studies have identified
FCHSD1 as a member of the F-BAR family with two SH3
domains (3). F-BAR protein, also known as Pombe Cdcl5
homology (PCH) protein family, generally has a Fes/CIP4
homology (FCH) domain at its N-terminus, or the F-BAR
domain, and one or more SH3 domains at its C-terminus (4). F-
BAR proteins play a bridging role between cytoskeleton-associated
proteins and plasma membranes in mammalian cells (5). The F-
BAR protein typically contains the SH3 domain, which mediates
multiple interactions with endocytosis, cytoskeleton, and signaling
proteins (6-8). Many studies have shown that some members of the
F-BAR protein family are associated with neurological diseases,
chronic obstructive pulmonary disease (COPD) and diseases such
as tumors (9-12). To sum up, proteins containing F-BAR/SH3 may
be associated with the development and development of cancer by
regulating molecular trafficking.

The tumor microenvironment (TME) is primarily composed of
blood vessels cells, immune cells, fibroblasts, stromal cells, and
extracellular matrix (13). Numerous studies have revealed the
crucial role of the TME in tumor initiation and progression (14).
The immune infiltration plays a paramount role in shaping the
immune microenvironment (15). The immune system exerts
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surveillance and inhibitory functions against tumor development,
yet tumors can evade immune responses by suppressing the
microenvironment. Immunotherapy, as a novel approach to cancer
treatment, can remodel the immune microenvironment to sustain
tumor surveillance, cytotoxicity, and inhibition of tumor growth (16).
Therefore, the quest for reliable tumor immune-related biomarkers as
targets for cancer immunotherapy is of utmost importance.

However, there is no systematic analysis of FCHSDI in pan-
carcinoma. In this study, we systematically analyzed the difference
in FCHSDI expression in pan-carcinoma, and the association of
FCHSDI expression for cancer clinical stage, molecular typing,
immune cell infiltration, molecular function, prognosis, drug
sensitivity, etc. Finally, we also explore the role of FCHSDI1 in
genitourinary cancer, and verify its role in human pan-carcinoma
through vitro experiments. These findings showed that FCHSD1
may be a potential novel biomarker. This study can provide a new
and unique perspective for the diagnosis, clinical treatment and
prognosis analysis of cancer in the future.

Methods
The Cancer Genome Atlas database

The TCGA database (https://tcga-data.ncinih.gov/tcga/), a
freely accessible online repository of cancer genomes,
encompasses a vast array of clinical and pathological data
pertaining to over 30 distinct cancer types. Using this extensive
dataset, we analyzed RNA-seq expression, prognosis, and
clinicopathological information in pan-cancer patients.

Tumor Immune Estimation Resource
database

Tumor Immune Estimation Resource (TIMER, https://
cistrome.shinyapps.io/timer/) is a comprehensive resource site for
systematic analysis of immune infiltration in different cancer types
(17). We used TIMER’s Diff Exp module to study the differential
expression of FCHSD1 in TCGA tumor tissues and adjacent normal
tissues. The statistical significance of this differential expression was
assessed using Wilcoxon’s test. We then used the Gene module to
visualize the correlation between FCHSD1 expression and the level
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of immune invasion in different cancer types, and showed the rho
value of the purity-corrected partial Spearman and its
statistical significance.

UALCAN, and clinical proteomic tumor
analysis consortium

UALCAN (http://ualcan.path.uab.edu) is an interactive portal
for in-depth analysis using TCGA RNA-seq and clinical data from
31 cancer types (18). Based on data from the Clinical Proteomics
Consortium for Tumor Analysis (CPTAC) dataset, we explored the
protein expression levels of FCHSD1 between tumors and normal
tissues. The significance of differences was assessed using Student’s
t-test, and p < 0.05 was considered statistically significant. Multiple
testing correction was not applied.

The Gene Expression Profiling Interactive
Analysis analysis

GEPIA (http://gepia.cancer-pku.cn/index.html) is an online
platform containing RNA sequencing expression data from tumor
and normal samples from the TCGA and GTEx projects (19).
FCHSD1 expression at different tumor stages in pan-carcinoma was
compared using this platform. The effect of FCHSD1 expression on
prognosis (overall survival and disease-free survival) was also
studied. In addition, we used GEPIA to search for the first 100
FCHSD1-related genes derived from all TCGA tumor tissues and
corresponding normal tissues.

cBioPortal

The cBioPortal database is an open-access web-based resource
that includes molecular profiles and clinical properties from the
Cancer Genome Atlas (20, 21). We used it to explore and analyze
the genetic alteration of FCHSD1 in pan-carcinoma.

Protein-Protein Interaction network and
functional enrichment analysis

The STRING database is a website that predicts physical and
functional associations between proteins (22, 23). 50 interaction
proteins of FCHSD1 were predicted using STRING. GeneMANIA
(http://www.genemania.org) is a website that establishes input gene
protein-protein interaction (PPI) networks from large amounts of
functional association data, which can provide gene function
prediction hypotheses and identify genes with comparable effects
(24). We used GeneMANIA to build and analyze FCHSD1’s PPI
network. We utilized the ClusterProfiler package to conduct Gene
Ontology (GO) enrichment and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway analysis of coexpression genes. The
results were visualized using “ggplot2”.
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Tumor-Immune System Interaction
Database

TISIDB (http://cis.hku.hk/TISIDB/index.php) integrates
genomics, transcriptomics and clinical data of 30 cancer types
from The Cancer Genome Atlas (TCGA) as well as other data for
tumor and immune system interactions (25). TISIB was used to
evaluate FCHSD1 expression in different immune subtypes and
molecular subtypes of tumors. We also used TISIB to explore the
relationship between FCHSD1 and immune infiltration, MHC
expression, immune inhibitors, immunostimulators, chemokines
and chemokine receptors.

Sample collection

Twenty eligible ccRCC patients were enrolled in this study after
receiving approval from the ethics committee of the affiliated Yantai
Yuhuangding Hospital of Qingdao University. Pathological specimens
were obtained from patients who underwent radical or partial
nephrectomy, and were confirmed by two independent pathologists.

In vitro cell culture and siRNA transfection

The normal human renal epithelial cell line (HK-2) and KIRC
cell lines (ACHN, A498, 7860, 769P, and Caki) used in the in vitro
experiments were purchased from the Cell Bank of the Chinese
Academy of Sciences. The cell lines were cultivated according to
their instructions. All siRNAs were purchased from Sangon Biotech
(Shanghai) and transfected into the selected cell lines following the
manufacturer’s instructions. The negative control used was the
company’s universal negative control. The sequences of the three
siRNA-FCHSD1 are as follows: FCHSDI1-1-sense: 5-
GCAAUGAGUACCUGCUUAAJTAT-3; FCHSD1-1-antisense:
5-UUAAGCAGGUACUCAUUGCATAT-3’; FCHSD1-2-sense: 5-
GCUGGGAGCAAGACCUGAAATAT-3’; FCHSD1-2-antisense:
5-UUCAGGUCUUGCUCCCAGCATAT-3’; FCHSD1-3-sense: 5-
GUGACUACAAGAUCCAGAAATAT-3’; FCHSD1-3-antisense:
5-UUCUGGAUCUUGUAGUCACATAT-3".

Westen blot

Total proteins from the desired cell lines and tissues were
extracted using Radio ImmunoPrecipitation Assay (RIPA) lysis
buffer. Electrophoresis was performed on 10% SDS-PAGE gels,
followed by transfer to polyvinylidene fluoride (PVDF) membranes.
The PVDF membranes were blocked using a rapid blocking
solution and then incubated overnight at 4°C with rabbit
polyclonal primary antibodies against FCHSD1 (Proteintech)
diluted at a ratio of 1:1000. The next day, the membranes were
washed five times with Tris-buffered saline containing Tween-20
(TBST). After removing the primary antibodies, the membranes
were incubated with secondary antibodies for 1 hour at room
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temperature. Subsequently, the membranes were washed five more
times with TBST. Finally, the membranes were developed using a

luminescent solution.

RNA extraction and quantitative real-time
PCR

RNA was extracted using Trizol reagent (Pufei, Shanghai) as per
the manufacturer’s guidelines, and converted to cDNA using the
Promega M-MLV kit. The qPCR primer sequence for FCHSD1 was
as follows: forward 5'- GCCTGGAGAAAGAGGTTCAGCG-3’ and
reverse 5'- CCTCTGTTCTATGCTTGGAGC-3'.

Cell counting kit-8 assay

Cell proliferation was assessed using the CCK-8 assay. Cells
were seeded into 96-well plates at a density of 5 x 10> cells/well.
Absorbance values at 450 nm were measured daily for 3 days
according to the manufacturer’s instructions.

Wound healing assay

Cells were seeded in 6-well plates and transfected with the
aforementioned siRNAs when they reached 80-90% confluence.
Forty-eight hours after transfection, a scratch was made across
the center of each well using a 200 pL pipette tip. After washing
with PBS, the medium was replaced with serum-free medium.
Images of the wounds were captured at 0 h and 12 h
post-scratching.

Statistical analysis

Statistical analysis was performed using R (version 4.2.1) and
the results were visualized using ggplot2 (version 3.3.3). To
compare ccRCC tissues with normal surrounding tissues, we
conducted the Mann-Whitney U test and paired t-test. GraphPad
Prism 6 software was utilized for the statistical analysis. The
statistical significance level was set at p < 0.05 and denoted with *
in the figure legends (*< 0.05; **< 0.01; ***< 0.001).

Result

Expression of FCHSD1 in multiple cancer
tissues

To determine differences in FCHSD1 expression across cancer

types, several databases were used. Using data from the TCGA
database, the expression of FCHSD1 in tumor tissue and normal
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controls was compared by TIMER. FCHSDI1 has increased
expression in 13 cancers, including bladder urothelial carcinoma
(BLCA), cholangiocarcinoma (CHOL), colon adenocarcinoma
(COAD), esophageal carcinoma (ESCA), head and neck
squamous cell carcinoma (HNSC), renal clear cell carcinoma
(KIRC), and renal papillary cell carcinoma (KIRP) (Figure 1A).
Through further comparison of TCGA + GTEx database, it was
found that FCHSD1 was significantly elevated in five tumor types:
CHOL, HNSC, KIRC, KIRP, and pancreatic adenocarcinoma
(PAAD) (Figure 1B). The CPTAC dataset of the UALCAN
platform was used to further verify the expression of FCHSDI
protein in pan-carcinogenic tissues. FCHSD1 protein expression is
reduced in uterine corpus endometrial carcinoma (UCEC), ovarian
serous cystadenocarcinoma (OV) and liver hepatocellular
carcinoma (LTHC) compared to normal tissue (Figures 1C-E). In
contrast, FCHSD1 expression significant enhancement was found
in KIRC, glioblastoma multiforme (GBM), PAAD (Figures 1F-H).
These results suggest that FCHSD1 expression may play a key role
in the progression of human tumors.

FCHSD1 expression differentially correlates
with tumor stages

To further explore FCHSD1 expression in human cancers
obtained from different stages, we analyzed the relationship
between FCHSD1 and tumor stages using GEPIA. In COAD,
kidney chromophobe (KICH), stage IV tumor tissue was
associated with higher expression of FCHSD1 compared to other
stages (Figures 2A, B). However, FCHSD1 expression was decreased
in stage IV of BLCA and LIHC tissues (Figures 2C, D). For lung
adenocarcinoma (LUAD) and thyroid carcinoma (THCA), the
correlation between the expression of FCHSD1 and staging was
not obvious (Figures 2E, F).

Genetic alteration analysis of FCHSD1

To systematically elucidate the mutational characteristics and
biological function of FCHSD1 in tumor progression, we used the
cBioPortal website to study the genetic alteration status of FCHSD1
in human pan-carcinoma. Genetic alterations of FCHSDI in
tumors include mutations, structural variants, amplifications, and
deep deletions. As shown, we observed that the highest frequency of
FCHSDI alterations was in patients with KIRC with “amplification”
and “mutation” as the main alterations (6.07% + 0.59%). In
cholangiocarcinoma, the genetic alterations of FCHSD1 are
“amplification” (2.78%). In colorectal cancer, the genetic variation
of FCHSD1 was “mutation” (4.35% and 2.53%) (Figure 3A). In
addition, according to the cBioPortal database, missense mutations
in FCHSD1 were found to be the main type of genetic alterations,
and G559R alterations were detected in 2 cases of UCEC and 1 case
of oligodendroglioma (Figure 3B). The most common copy number
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FIGURE 1

FCHSD1 expression is upregulated in most types of cancers compared with controls. (A) Exploration of FCHSD1 mRNA expression in human cancers

and normal tissues using the TIMER database. (B) Comparison of FCHSD1

MRNA expression in human cancers using the R package. (C-H) FCHSD1

protein expression is changed in cancers examined using the UALCAN database. *p < 0.05, **p < 0.01, ***p < 0.001.

change of FCHSDI is diploid, with shallow loss of proliferative
function (Figure 3C). The frequency of genetically altered events in
the altered group was higher in the altered group than in the
unchanged group for LINC00308, LINC01687, CBX3P2,
ROCKI1P1, LINC00470, RNU6-53P, DNAJC25-GNG10, CSMD2-
ASI, LRRC37A5P, and GNG10 (Figure 3D).
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FCHSD1 expression differentially correlates
with immune subtypes and molecular
subtypes

The role of FCHSD1 expression in human cancer immunity and
molecular subtypes is explored through the TISIDB website. Based on
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FIGURE 2

FCHSD1 expression is discriminately distributed in different stages and immune subtypes of cancers. FCHSD1 expression significantly varied across
different tumor stages in COAD (A), KICH (B), BLCA (C), LIHC (D), LUAD (E) and THCA (F).

the transcriptomic characteristics of more than 10,000 patients in the
Cancer Genome Atlas (TCGA) cancer type, the immunosubtypes of
solid tumors are divided into six categories. The 6 types include C1
(wound healing), C2 (IFN-y dominant), C3 (inflammation), C4
(lymphocyte depletion), C5 (immunocalm), C6 (TGF- dominant).
The results showed that the expression of FCHSD1 in LGG, LIHC,
BLCA, UCEC, TGCT, LUAD, LUSC, KIRC, KIRP, BRCA, Cervical
squamous cell carcinoma and endocervical adenocarcinoma (CESC),
prostate adenocarcinoma (PRAD) was associated with different
immune isotypes (Figures 4A-L). In addition, the expression of
FCHSDI1 also differs in different immune subtypes of one cancer type.
We note that FCHSDL1 is the lowest expressed in human cancers of C4
and C5 subtypes, and specifically in LGG, LIHC, LUSC, KIRC, KIRP,
PRAD. The expression of FCHSD1 also differs in different molecular
subtypes of tumors. FCHSD1 expression was significantly altered in 11
cancer types. For cancers of different molecular subtypes, significant
associations in FCHSD1 expression were shown in 11 cancer types,
including LGG, pheochromocytoma and paraganglioma (PCPG),
COAD, PRAD, BRCA, UCEC, stomach adenocarcinoma (STAD),
LIHC, HNSC, OV, and GBM (Figures 4M-W). Based on the above
results, we conclude that FCHSD1 expression differs in pan-carcinoma
of different immune isotypes and molecular subtypes.

Correlation between immune infiltration
and FCHSD1 expression

Tumor-infiltrating immune cells are key players in
tumor progression and can be studied to develop strategies for
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tumor immune response. The TIMER database was used to
elucidate whether FCHSD1 affects immune infiltration in human
cancer. The results revealed a significant correlation between
FCHSDI expression and tumor purity in 13 types of tumors, with
a predominant negative correlation. The expression of FCHSD1
was positively correlated with the infiltration of six immune cells,
including B cells, CD8T cells, CD4T cells, macrophages, neutrophils
and dendritic cells. LGG, LIHC, and PRAD are the cancer
phenotypes most associated with FCHSD1 expression of all
tumors (Figures 5A-U). These results suggest that FCHSD1 may
play a similar role in immune invasion in different cancer types.

The relationship between FCHSD1 and immune infiltration was
further confirmed using the TISIDB database, which explored 28
infiltrating lymphocytes (Figure 6A). The expression of FCHSD1 in
BRCA, KIRC, LGG, LIHC, LUAD and PRAD was positively
correlated with the infiltration of activated CD8T cells and effector
memory CD8T, while the infiltration of effector memory CD4T and
effector memory CD4T was negatively correlated with the expression
of FCHSDI. In these cancers, FCHSD1 expression was positively
correlated with Th1 and Th17 infiltration in CD4T cell subsets, while
FCHSD1 expression was negatively correlated with Th2 infiltration.
Finally, infiltration of innate immune cells, including eosinophils and
natural killer (NK) cells, was also positively correlated with FCHSD1
expression in LGG, LIHC, and PRAD. IDC is negatively correlated
with FCHSD1 expression in LGG, LIHC, and PRAD. These results
reveal the contrasting effects of FCHSD1 on adaptive and innate
immune cell infiltration in different cancers.

We also investigated the correlation between FCHSD1 and the
major histocompatibility complexes, immunosuppressants,
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FCHSD1 in cancers. (D) Genes with the highest frequency in any group.

immunostimulants, chemokines, and receptors expressed in the
tumor microenvironment (TME) of these cancers (Figures 6B-F).
The results showed that FCHSD1 had a positive effect on the
expression of MHC class IT molecules (HLA-DP, HLA-DM, HLA-
DO, HLA-DQ, HLA-DR) in LGG, LIHC and PRAD. In LGG, LIHC,
and PRAD, high expression of FCHSD1 positively affects the

Frontiers in Oncology 07

expression of LGALS9, TNFRSF14, TNFRSF25, but negatively
affects the expression of KDR. These results show that the
expression of FCHSD1 not only affects immune cell infiltration, but
also affects the expression of major histocompatibility complexes
(MHC) and immune cell activity by regulating the expression of
immunosuppressants, chemokines/cytokines and their receptors.
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Analysis of the link between FCHSD1
expression level and prognosis

In order to investigate the relationship between FCHSDI1
expression levels and the prognosis of cancer patients, we
conducted survival correlation analysis on pan-cancer using
several databases. Firstly, we utilized GEPIA to evaluate the
impact of FCHSD1 expression levels on the prognosis of pan-
cancer patients. The results indicated that higher FCHSDI
expression levels were associated with poorer overall survival
(OS) in patients with KIRC (p=0.0038) and LGG (p=1e-05)
(Figures 7A, B). Notably, FCHSD1 was identified as a protective
factor for OS in BLCA patients (p=0.0033) (Figure 7C). Next, we
explored the relationship between FCHSDI expression levels and
recurrence-free survival (RFS) (Figures 7D, E). High FCHSDI1
expression levels were found to be associated with shorter RFS in
cancers such as LGG (p=5.8¢-07) and STAD (p=0.01).

Subsequently, we utilized R packages to establish the correlation
between FCHSD1 expression and the prognosis of cancer patients.
The data used in the R packages were derived from GEO, EGA, and
TCGA databases. The results showed that high FCHSD1 expression
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was associated with shorter overall survival (OS) in cancer patients
such as KIRC (p=0.001) and LGG (p<0.001), while increased
FCHSD1 expression in BLCA (p=0.002) patients indicated
prolonged OS (Figures 7F-H). Similarly, higher FCHSD1
expression was correlated with shorter disease-specific survival
(DSS) in KIRC (p=0.002), and LGG (p<0.001) patients, whereas
FCHSDI acted as a protective factor for DSS in BLCA (p=0.005)
patients (Figures 7I-K). For progression-free interval (PFI), the
protective effect of FCHSD1 on BLCA (p=0.05) patients gradually
turned into a detrimental factor over time (Figure 7N). High
FCHSDI1 expression was associated with shorter PFI in KIRC
(p=0.007), LGG (p<0.001), LUSC (p=0.032) (Figures 7 L, M, O).
The results from both GEPIA and R packages indicate that the
expression of FCHSD1 is significantly correlated with OS, DSS, and
RFS in BLCA, KIRC, and LGG patients. In order to further elucidate
the prognostic role of FCHSD1 in these cancers, a Cox proportional
hazards regression model was established to evaluate the prognostic
factors. These cancer patients were divided into high and low
FCHSDI expression groups based on the median expression of
FCHSDI. Both univariate and multivariate Cox analyses revealed
that high FCHSD1 expression is associated with poor prognosis in
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KIRC and LGG patients. Conversely, lower FCHSD1 expression is
correlated with adverse prognosis in these patients.

We then used the receiver operating characteristic curve (ROC)
to verify the diagnostic value of FCHSD1 for different cancers.
FCHSD1 has high diagnostic accuracy (AUC greater than 0.7) for
most cancers (Figures 8A-U). Furthermore, we utilized time-
dependent ROC analysis to evaluate the diagnostic value of
FCHSD1 in BLCA, KIRC, and LGG.

We further use time-dependent ROC analysis to demonstrate
the diagnostic value of FCHSDI1 for BLCA, KIRC, and LGG
(Figures 8V-X). For the 1, 3, and 5-year OS of BLCA, the area
under the curve (AUC) values are 0.71, 0.661, and 0.699,
respectively. For the 1-year, 3-year, and 5-year OS of KIRC, the
AUC values are 0.590, 0.560, and 0.616, respectively. For LGG’s 1-
year, 3-year, and 5-year OS, the AUC values are 0.787, 0.732, and
0.670, respectively. The results showed that the expression of
FCHSD1 had a strong predictive effect on the prognosis of BLCA,
KIRC and LGG.

In conclusion, the results of survival curve and ROC curve
analysis showed that FCHSDI is a valuable diagnostic biomarker
for many types of cancer, mainly including LGG, KIRC, BLCA.

Analysis of FCHSD1 expression and cancer
drug sensitivity in pan-cancer

We delved deeper into the potential correlation between
FCHSD1 expression and clinical drug sensitivity using R
packages. Our findings revealed a positive correlation between
FCHSD1 expression and the sensitivity of Bicalutamide and
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Lapatinib (Figures 9A, B). On the other hand, FCHSDI
expression showed a negative correlation with the sensitivity of
drugs such as Bleomycin, Doxorubicin, Gemcitabine, Lenalidomide,
Methotrexate, Nilotinib, and Vinblastine (Figures 9C-H). These
data suggest that FCHSD1 may be associated with the
chemoresistance of certain commonly used chemotherapy drugs
in clinical practice, such as Gemcitabine and Vinblastine.

Functional enrichment analysis reveals the
role of FCHSD1

In order to delve deeper into the molecular mechanisms of
FCHSDI in tumor development, we screened for FCHSD1 binding
proteins to conduct protein-protein interaction (PPI) network
analysis. Using the GeneMANIA platform, we constructed a PPI
network for FCHSD1, which revealed a strong interaction between
FCHSDI and the SH3 domain-binding kinase 1 (SBK1)
(Figure 10A). Subsequently, we utilized both the STRING and
GEPIA tools to identify 50 and 100 FCHSDI-related binding
proteins, respectively. By performing a cross-analysis of these two
sets, we identified two FCHSDI-related binding proteins, namely
Intersectin 2 (ITSN2) and Formin-binding protein 4 (FNBP4). Both
ITSN2 and FNBP4 exhibited a strong positive correlation with
FCHSDI expression. To further elucidate these findings, we
conducted GO and KEGG enrichment analyses, which are
presented below (Figures 10B, C). BP includes endomembrane
system organization, plasma membrane organization, plasma
membrane tubulation, synaptic vesicle endocytosis. CC includes
cell leading edge, cell cortex, clathrin-coated pit, phagocytic cup.
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FCHSDL1 expression is linked to immune infiltration as analyzed using the TISIDB database. FCHSD1 expression affected lymphocyte infiltration (A),
MHC expression (B), immunostimulator expression (C), immune inhibitors expression (D), chemokine expression (E) and chemokine receptors

MF includes phospholipid binding, phosphatidylinositol binding,
Rho GTPase binding, nitric-oxide synthase binding. KEGG includes
endocytosis, Salmonella infection, bacterial invasion of epithelial
cells, Fc gamma R-mediated phagocytosis, endocrine and other
factor-regulated calcium reabsorption.
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In vitro experimental validation of FCHSD1
expression levels in cells and tissues

To validate the results of the aforementioned bioinformatics

analysis, we conducted qRT-qPCR using normal renal tubular cells
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The GEPIA database and R package suggests that higher FCHSD1 expression correlates with worse prognosis in most cancers. In the GEPIA
database, FCHSD1 expression was significantly correlated with overall survival of KIRC (A), LGG (B), BLCA (C), and significantly correlated with
disease-free survival of LGG (D), STAD (E). In the R package, FCHSD1 expression was significantly correlated with overall survival of KIRC (F), LGG (G),
BLCA (H), and significantly correlated with disease specific survival of KIRC (1), LGG (J), BLCA (K). FCHSD1 expression was significantly correlated

with progress free interval of KIRC (L), LGG (M), BLCA (N), and LUSC (O).

(HK-2) and five renal cancer cell lines. The results indicated that,
compared with HK-2 cells, the mRNA levels of FCHSD1 were
significantly increased in ACHN, 769P, and Caki cells, whereas they
were markedly decreased in 7860 cells (Figure 11A). No significant
difference in FCHSD1 mRNA expression was observed between HK-2
and A498 cells. Subsequently, we performed WB experiments on these
cell lines, and the results were consistent with the qRT-PCR findings,
showing that FCHSDI1 protein levels were significantly elevated in
ACHN, 769P, and Caki cells compared with HK-2 cells (Figures 11B,
C). Furthermore, to further verify the expression of FCHSD1 in renal
cancer patients, we conducted qRT-PCR on renal cancer tissues and
adjacent non-cancerous tissues from multiple patients. The results
revealed that FCHSDI1 was highly expressed in renal cancer tissues
compared with adjacent tissues (Figure 11D).

Investigating the impact of FCHSD1
expression levels on the malignant
progression of renal cancer

To investigate whether FCHSD1 promotes the malignant
progression of renal cancer, three FCHSD1 siRNAs were transfected
into ACHN and 769P cells. qRT-PCR was used to assess the silence
efficiency of the three siRNAs on FCHSD1 in ACHN and 769P cells
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(Figures 11E, I). The results showed that si-FCHSD1-1 exhibited the
highest efficiency in both cell lines. The aforementioned results were
verified by western blot (Figures 11F, J). Therefore, si-FCHSD1-1 was
used for subsequent experiments to silence FCHSD1. CCK-8 assays
demonstrated that silence of FCHSD1 expression significantly reduced
the proliferation rate of ACHN cells on the second and third days
compared with cells transfected with si -NC (Figure 11G). Similarly, on
the second and third days, silence of FCHSD1 expression markedly
slowed the proliferation of 769P cells compared with si-NC-transfected
cells (Figure 11K). Wound healing assays indicated that FCHSD1
silence significantly inhibited the wound healing ability of ACHN and
769P cells compared with si-NC-transfected cells (Figures 11H, L).
Overall, downregulation of FCHSDI expression can inhibit the
malignant progression of renal cancer.

Discussion

FCHSD1 is a member of the F-BAR family containing one amino
terminal F-BAR domain and two SH3 domains (3, 4). Numerous
studies have indicated that certain members of the F-BAR protein
family are associated with the development of neurological disorders,
chronic obstructive pulmonary disease (COPD), and tumors (9-12).
However, there is no systematic analysis of FCHSD1 in pan-carcinoma.
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This study aims to provide a thorough analysis of FCHSD1 in pan-
cancer, in order to reveal its potential role and underlying mechanisms
in the development and clinical outcomes of various cancers.
Identifying aberrant gene expression in tumors is critical for
discovering tumor-specific therapeutic targets (26). Previous studies
have employed cancer xenograft models to further investigate this
mechanisms (27). RNA sequencing has become an indispensable tool
in contemporary cancer research. As one of the earliest research teams
involved in TCGA biomarker studies, the Liu laboratory has
substantially advanced the field through developing different
strategies, notably: single gene for single cancer, gene set for single
cancer, single gene pan-cancer, and gene set pan-cancer (28-44). The
TIMER database contains high-throughput RNA sequencing data
from 33 types of cancer from TCGA (17).We conducted mining
analyses on cancer data from TCGA and GTEx databases using
TIMER and R packages, respectively. TIMER results showed that
FCHSD1 expression increased in 13 types of cancer. Further
comparison using the TCGA + GTEx database with R packages
revealed that FCHSD1 increased in 5 types of cancer. The reason for
this difference may be due to the fact that the GTEx database contains
more normal sample data. In summary, our study indicates that
FCHSD1 mRNA expression is significantly increased in various
cancer tissues compared with normal tissues. Additionally, CPTAC
data from UALCAN can analyze protein expression in six types of
cancer (45). FCHSD1 protein expression decreased in UCEC, OC,
LIHC, and HNSC, but increased in KIRC, GBM, PAAD, and OV. The
difference between FCHSD1 mRNA and protein expression may be
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attributed to the small sample size in the CPTAC dataset. We also
evaluated the correlation between FCHSDI expression and different
cancer stage classifications. FCHSDI1 plays different roles in the
occurrence and development of different cancers, such as COAD,
KIRC, BLCA, and LIHC. Therefore, FCHSDI1 may be a potential
therapeutic target or biomarker for multiple types of cancer.

We utilized the cBioPortal website to investigate the genetic
alterations of FCHSD1 in human cancers and found that the major
genetic alterations of FCHSD1 in cancers are mutations, structural
variations, amplifications, and deep deletions. Specific gene
mutations can predict the prognosis and treatment response of
patients (46, 47). The highest frequency of change in FCHSD1 (>
6%) occurred in patients with KIRC, with “amplification” and
“mutation” as the main types. Gene amplification is considered to
be the main cause and typical manifestation of tumorigenesis (48).
The main type of FCHSDI gene alteration is missense mutation,
and the important altered site is G559R. This is likely to be an
important risk factor for tumorigenesis and a potential target for
future cancer treatment. However, further research is needed.

TMB is a promising pan-cancer predictive biomarker that can
guide precision immunotherapy (49, 50). In addition, TMB can also
predict prognosis after immunotherapy in pan-cancer patients (51).
TME features look for markers of tumor cell response to
immunotherapy and influence clinical outcomes after treatment (52).
Tumor infiltration of immune cells has an important impact on tumor
initiation and progression, which can inhibit or promote tumor
progression (53). Thorsson et al. integrated immunogenomics
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FIGURE 11

In vitro experimental investigation of FCHSD1 expression levels and their impact on the malignant progression of renal cancer. (A) gRT-PCR analysis of
FCHSD1 mRNA expression levels in normal renal tubular cells and five renal cancer cell lines. (B) Western blot analysis of FCHSD1 protein expression levels in
normal renal tubular cells and five renal cancer cell lines. (C) Quantitative analysis of western blot bands, n=3. (D) gRT-PCR analysis of FCHSD1 mRNA
expression levels in adjacent non-cancerous tissues and renal cancer tissues. (E) gRT-PCR assessment of the silence efficiency of three siRNAs targeting
FCHSD1 in ACHN cells. (F) Western blot verification of the silence efficiency of siRNA-1 targeting FCHSD1 in ACHN cells. (G) CCK8 assay to evaluate the
effect of FCHSD1 knockdown on the proliferation of ACHN cells. (H) Wound healing assay to assess the impact of FCHSD1 knockdown on the migration of
ACHN cells. (I) gRT-PCR assessment of the silence efficiency of three siRNAs targeting FCHSD1 in 769P cells. (J) Western blot verification of the silence
efficiency of siRNA-1 targeting FCHSD1 in 769P cells. (K) CCK8 assay to evaluate the effect of FCHSD1 knockdown on the proliferation of 769P cells.

(L) Wound healing assay to assess the impact of FCHSD1 knockdown on the migration of 769P cells.

methods to use TCGA database data to establish six immune subtypes
to partition human cancers, which are used to predict disease outcomes
across multiple cancers (54). These six immune subtypes comprise:
wound healing (C1), IFN-g dominant (C2), inflammatory (C3),
lymphocyte depleted (C4), immunologically quiet (C5), and TGF-b
dominant (C6). We explored the role of FCHSD1 expression in human
cancer immunity and molecular subtypes through the TISIDB website.
We note that FCHSDI differs in immunoisoforms and molecular
subtypes of different cancers and is the lowest expressed in human
cancers with C4 and C5 immune subtypes. We further confirmed the
relationship between FCHSD1 and immune infiltration using the
TISIDB database, which explored the correlation between 28
infiltrating lymphocytes, major histocompatibility complexes,
immunosuppressants, immunostimulants, chemokines, and receptors
expressed in the tumor microenvironment (TME). For immune
infiltrating cells, we found that immune cells such as Th2,
macrophages and iDC were low infiltrate across most cancer types,
while cells such as Th17 and MDSC showed high correlation. These
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results reveal the contrasting effects of FCHSD1 on adaptive and innate
immune cell infiltration in different cancers. MDSCs have potent
immunosuppressive activity and can promote tumor progression by
promoting tumor cell survival, angiogenesis, invasion, and metastasis
(55). MDSC infiltration levels are strongly correlated with clinical
outcomes and therapeutic efficacy (56). Th17 cells have very high
plasticity. Th17 cells acquire pathogenic activity by becoming Th2 cells
during asthma or Th1 cells during infections, cancer, and autoimmune
diseases (57). Studies have reported that Th17 cells are commonly
associated with a variety of cancers such as lung, breast, prostate, colon
and melanoma (58). This may indicate the immune mechanism of
FCHSD1 on tumorigenesis and development. Studying the condition
of tumor-infiltrating immune cells can lead to the development of
strategies to intervene in the anti-tumor immune response. Using the
TIMER database, we found that FCHSDI1 expression was positively
correlated with the infiltration of 6 immune cells. These results suggest
that FCHSD1 may play a similar role in immune infiltration in
different cancer types, leading to similar immune response protocols.
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Through analysis with the GEPIA platform and R package, we
discovered that enhanced expression of FCHSDI is associated with
poor prognosis in several cancers. It is noteworthy that FCHSD1 is a
protective factor in BLCA. Cox proportional hazards regression
confirmed the prognostic significance of FCHSD1 across multiple
cancers. At the same time, we found through the ROC curve of
cancer that the expression of FCHSD1 also has a strong predictive
value for the prognosis of these cancers. These results support that
the level of FCHSD1 expression affects the disease prognosis of
patients. It is urgently needed to further elucidate the mechanism by
which FCSHDI1 affects the survival of different cancer patients.

To further investigate the molecular mechanism of FCHSDI in
tumorigenesis, we used the GeneMANIA platform to map a PPI
network for FCHSD1 and found SBK1 with a strong interaction with
FCHSDI. In addition, we intersected FCHSDI1-related genes
obtained from STRING and GEPIA2 and found two common
genes, (ITSN2) and (FNBP4). SBK1 is a novel serine/threonine
kinase named after its protein structure (59). Now it has been
confirmed by a number of studies that it is related to fat
metabolism and tumor occurrence and development, and can
effectively predict cancer and treatment effects. ITSN-2L is a
relatively conserved family of proteins. It acts as a guanine
nucleotide exchanger for Cdc42 and regulates different steps of
endocytosis in EC by controlling the Cdc42-WASp-Arp2/3 actin
polymerization pathway (60). Formalin promotes the initiation and
elongation of actin filaments and regulates cytoskeletal remodeling to
participate in a variety of biological processes, such as cell division
and endocytosis (61, 62). Studies have shown that its high expression
promotes the occurrence and development of liver cancer (63).
FCHSD1 may functionally interact with SBK1, ITSN2, and FNBP4
to collectively regulate malignant tumor progression. Nowadays, with
the development of computational biology and bioinformatics,
multiple computational methods, especially KEGG pathway and
GO terminology, have been widely used to describe specific
pathways and biological processes in different cancers (64, 65). In
this study, 50 interacting genes and 100 related genes were obtained
using STRING and GEPIA. The KEGG pathway and GO term
methods were then used to perform functional enrichment analysis
on 150 genes. Studies have shown that these genes may play an
important role in “endocytosis”, “endometrial system organization”,
“cell lead”, “phospholipid binding”, and other pathways. Endocytosis
is the process by which cells actively internalize molecular and surface
proteins through the inner membrane system and its membrane
proteins and phospholipids (66). Cells use endocytosis to regulate
signaling and acquire extracellular environmental changes to respond
appropriately (67). Many studies have demonstrated that endocytosis
may alter cancer cell proliferation, invasion, or metastasis by
regulating receptor internalization, recycling, and degradation, as
well as affecting cytoskeletal dynamics (67-70). In summary,
targeting endocytosis mechanisms may be a viable and promising
therapeutic strategy for cancer and metastasis, and FCHSD1 and
related protein networks may be a viable entry point.

Furthermore, we validated the expression levels of FCHSD1 in
normal renal tubular epithelial cells and five renal cancer cell lines,
as well as in adjacent non-cancerous tissues and renal cancer tissues
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from patients with renal cancer through in vitro experiments. Both
qRT-PCR and Western blot (WB) confirmed the upregulation of
FCHSD1 expression in kidney renal clear cell carcinoma (KIRC)
tissues and cells. To further explore the role of FCHSDI in the
malignant progression of renal cancer, we silenced its expression in
cell lines. Cellular functional experiments were conducted on the
silenced ACHN and 769P cell lines, revealing that FCHSDI
silencing inhibited the proliferation and migration of ACHN and
769P cells. These results corroborate the accuracy and reliability of
the aforementioned bioinformatics analysis, and we plan to conduct
similar and more in-depth molecular biology validations in
additional cancers in the future.

We acknowledge that our study has several limitations. Firstly,
the number of validations for FCHSD1 expression levels in tissues is
relatively small, and we only validated FCHSD1 expression in renal
cancer cells and tissues. We need to use different methods, such as
immunohistochemistry, to verify FCHSDI1 expression in various
cancer tissues. Secondly, although FCHSD1 expression is correlated
with immune responses and clinical survival in human
malignancies, we are uncertain about how FCHSDI affects the
clinical survival of cancer patients through immune pathways.
FCHSDI may functionally cooperate with interacting genes (e.g.,
SBK1, ITSN2, and FNBP4) to collectively drive tumor malignancy,
thus warranting further mechanistic investigations to elucidate
these molecular interactions. Lastly, while comprehensive cancer
genomics databases have emerged as invaluable research resources,
significant analytical challenges remain due to inherent technical
biases and biological variability (71, 72).

Our study systematically analyzed FCHSDI1 in a pan-
carcinogenic manner, evaluated the potential association of
FCHSD1 expression with pathological stage, immunophenotype,
immune cell infiltration, genetics, prognosis, drug sensitivity, etc. in
various cancer types. In summary, upregulation of FCHSDI1
expression predicts poor prognosis in multiple cancers. At the
same time, FCHSD1 affects immune cell infiltration in some
cancers. Therefore, FCHSD1 may serve as a valuable biomarker
for cancer diagnosis, prognosis prediction, and immune infiltration
assessment in human malignancies. Future research should
prioritize the development of FCHSDI1-targeted molecular
therapies to suppress tumor progression, invasion, and metastasis
across multiple cancer types.

Conclusion
FCHSDI1 has the potential to serve as a prognostic and

immunological marker for pan-cancer, and may also be a crucial
target for future immunotherapy.
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