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Background: F-box protein 45 (FBXO45) is a member of the F-box protein family, and is reportedly
involved in the progression of many diseases. However, its role in esophageal cancer (ESCA) remains unclear.
Methods: The expression, clinical characteristics, gene function, pathway, and correlation between the
infiltration of different immune cells were analyzed using public data. The pan-cancer expression of FBX045
was assessed using the TIMER?2 database. The expression of FBX0O45 in different tumor stages and histology
subtypes were evaluated using the UALCAN database. The protein-protein interaction (PPI) network
was constructed using the STRING database. Immune cell infiltration data were downloaded from the
ImmuCellAI database.

Results: The top 300 genes most positively correlated with FBXO45 were screened into the enrichment
analysis. The functional enrichment results showed that FBXO45 was mainly associated with proteasomal
protein catabolic process and the regulation of DNA metabolic processing in the biological process (BP)
category; spindle, chromosomal region, and focal adhesion in the cellular component category; and ATPase
activity and ubiquitin-protein transferase activity terms in the molecular function category. FBXO45 was
overexpressed in ESCA and other cancer types. FBXO45 expression was positively associated with the
infiltration levels of immunosuppressive cells, such as CD8" (cluster of differentiation 8+) T cells and NK
(natural killer cell) cells, in ESCA. MYCBP2 and SKP1 were most associated with FBXO45.

Conclusions: Our results suggested that FBXO45 is a potential oncogene in ESCA. Elevated FBXO45

expression indicates a relatively immunosuppressive microenvironment.
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Introduction

Esophageal cancer (ESCA) is a common gastrointestinal
tumor, with approximately 300,000 patient deaths from
ESCA every year worldwide (1,2). Surgery, radiotherapy,
and chemotherapy are the main methods for the treatment
of ESCA. However, the prognosis of patients with ESCA
remains poor. It has been reported that patients with ESCA
have the sixth worst prognosis owing to its aggressiveness
and poor survival (3). Thus, identifying new and effective
therapeutic targets for ESCA patients is crucial.

Previous studies have reported that the prognosis
of patients with ESCA is associated with the tumor
microenvironment (TME), specifically the tumor immune
microenvironment (TIME) (4). The immunosuppressive
microenvironment of ESCA is one of the main reasons for
the poor prognosis of patients. Identifying the oncogenes
that affect the TIME and developing target therapy may
be a potential treatment for ESCA patients. TME is a
vital space for the metabolism of tumor cells. Nowadays,
numerous studies have shown that TME could mainly
promote the growth, proliferation, migration, and
metastasis of EC. The main components of TME are a
variety of adaptive and innate immune cells, fibroblasts,
adipocytes, endothelial cells, and extracellular matrix (ECM)
components, which have been extensively studied in a
variety of tumors (5-7). TME is not a fixed tumor survival
environment, but a dynamic environment that is constantly
remodeled by tumors and tumor-related cells to adapt to the
survival of tumor cells. As the oncogenic mutation of tumor
precursor cells continues to accumulate, the precancerous
lesions further develop into cancer. Cancer tissues continue
to deteriorate by interacting with TME and eventually lead
to the occurrence of metastasis.

F-box protein 45 (FBXO45), a substrate-recognition
subunit of E3 ligases, is a member of the F-box protein
family. FBXO45 has been shown to be involved in the
progression of many tumors. The biological functions of
FBXO45 lies in the regulation of proliferation, apoptosis,
cell cycle, motility and metastasis. For example, according to
The Cancer Genome Atlas (TCGA) and Gene Expression
Omnibus data, FBXO45 is highly expressed in squamous-
cell lung carcinoma (SCLC) tissues compared with normal
lung tissues. High FBXO45 expression is correlated with
poor survival of SCLC (8). It was also illustrated that high
expression of FBXO45 was correlated with poor survival
in patients with SCLC by obtaining data from the Kaplan—

© Journal of Gastrointestinal Oncology. All rights reserved.

Zhang et al. FBX045 in pan-cancer and esophageal cancer

Meier plotter website and the TCGA database (8). FBXO45
expression was higher in gastric cancer tissues than in
normal gastric tissues (9). Moreover, Dahlem et a/. (10)
proved that overexpression of insulin-like growth factor 2
(IGF2) mRNA-binding protein IMP2 (IGF2BP2) existed
and was associated with poor outcomes in pancreatic cancer
patients by investigating publicly available datasets FBXO45
is positively associated with IMP2 expression, indicating
that FBXO45 might play a potential oncogenic role in
pancreatic cancer progression.

However, the role of FBXO45 in ESCA and its
correlation with the TIME remains unclear. In this study,
we analyzed and verified the role of FBXO45 in ESCA. The
correlation between FBXO45 expression and immune cell
infiltration were also assessed. Patients with high expression
of FBXO45 may have a tumor immunosuppressive
microenvironment. Targeting FBXO45 may be a potential
treatment of ESCA. We present the following article in
accordance with the REMARK reporting checklist (available
at https:/dx.doi.org/10.21037/jgo-21-662).

Methods

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Patients and specimen characteristics

The RNA (Ribonucleic Acid) expression profiles from
TCGA database and the Genotype-Tissue Expression
(GTEx) project were downloaded from UCSC XENA
website (https://xenabrowser.net/datapages/). The RINAseq
data were normalized into log,(TPM+0.001). There were
204 cases of ESCA in TCGA, including one case of T0,
42 cases of T1, 44 cases of T2, 92 cases of T3, five cases
of T4, and the remaining 20 cases were unclear (American
Joint Committee on Cancer, AJCC 7™). Also, there were
86 cases of NO, 72 cases of N1, 14 cases of N2, 12 cases
of N3, and the remaining 20 cases were unclear (AJCC
7™). The mean age of the patients was 63+11.9 (range, 27—
90) years.

Assay methods

Online analysis
The pan-cancer expression of FBXO45 was assessed using
the TIMER?2 database (http://timer.comp-genomics.org/).
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Figure 1 The study design flow diagram. GO, gene oncology; KEGG, Kyoto Encyclopedia of Genes and Genomes; PPI, protein-protein

interaction.

The expression of FBXO45 in different tumor stages and
histology subtypes were evaluated using the UALCAN
database (http://ualcan.path.uab.edu/). The protein-
protein interaction (PPI) network was constructed using the
STRING database (https://string-db.org/).

Enrichment analysis

The correlation analysis between FBX045 and other genes
was conducted using ESCA data from TCGA cohort.
The Pearson correlation coefficient was calculated. The
top 300 genes most positively associated with FBX045
were screened to perform enrichment analysis. Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) analyses were performed using R
package “clusterProfiler” ((http://bioconductor.riken.jp/
packages/3.10/bioc/html/clusterProfiler.html) ), according
to the following parameters: P value cutoff =1, and g-value
cutoff =1. The top 20 terms of each analysis were displayed.

Immune infiltration analysis

Immune cell infiltration data were downloaded from
the ImmuCellAl database (http://bioinfo.life.hust.edu.
cn/ImmuCellAl#!/). The correlation between FBXO45
expression and the infiltration level of 24 immune cells were
analyzed. In addition, the different infiltration levels of the
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24 immune cells were compared in high and low FBXO45
expression groups in ESCA.

Immunohistochemistry and immunofluorescence
analysis
The immunohistochemistry and immunofluorescence data

of FBXO45 in ESCA were downloaded from the Human
Protein Atlas website (https://www.proteinatlas.org/).

Study design

The expression analysis of FBOX45 were lies in difference
analysis of cancer and adjacent cancer in TCGA database,
tumor tissue expression analysis in TCGA database, normal
tissue expression analysis in GTEx database, tumor staging
expression in TCGA database, esophageal cancer subtype
expression in TCGA database. Then we analysis the
enrichment, PPI network and immune cell infiltration of
FBOX45 (Figure 1).

Statistical analysis

Data were presented as mean * standard deviation (SD).
Differences between groups were analyzed using the
Student’s #-test. Statistical analyses were performed using R
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Figure 2 Expression of FBXO45. Pan-cancer expression of FBXO45 in the TIMER? database. *, P<0.05; **, P<0.01; ***, P<0.001.

4.1.1 (https://www.r-project.org/). P<0.05 (two-tailed) was
considered statistically significant.

Results
FBXO045 expression analysis

We first assessed the pan-cancer expression of FBXO45 using
the TIMER? database. The results showed that FBXO45 was
over-expressed in 15 tumor types, including ESCA (Figure 2).
In addition, for FBXO45 expression only in tumor tissues in
TCGA cohort, FBXO45 expression was highest in HNSC
(head neck squamous cell carcinoma) and lowest in UVM
(uveal melanoma) (Figure 34). For FBXO45 expression in
normal tissues from the GTEx cohort, FBXO45 expression
was highest in bone marrow and lowest in blood (Figure 3B).
We further explored the correlation between FBXO45
and the clinical features of ESCA patients using the
UALCAN database. The results revealed that FBXO45
expression was relative higher in worse tumor stages
(Figure 4A4). In addition, FBXO45 was highly expressed in

esophageal squamous cell carcinoma (Figure 4B).

Enrichment analysis of FBXO45

Next, we conducted the enrichment analysis using R package
“clusterProfiler” to predict the function and pathways
that FBXO45 might be involved in. The correlation

© Journal of Gastrointestinal Oncology. All rights reserved.

analysis was performed and genes most correlated
with FBX045 in ESCA were identified (Figure 54,5B).
The top 300 genes most positively correlated with
FBX045 were screened into the enrichment analysis.
The functional enrichment results showed that FBXO45
was mainly associated with proteasomal protein catabolic
process and the regulation of DNA (deoxyribonucleic acid)
metabolic processing in the biological process (BP) category
(Figure 5C); spindle, chromosomal region, and focal
adhesion in the cellular component (CC) category
(Figure 5D); and ATPase (adenosine triphosphate) activity
and ubiquitin-protein transferase activity terms in the
molecular function (MF) category (Figure SE). KEGG
analysis showed that FBXO45 might participate in the cell
cycle, as well as the Wnt (Wingless/Integrated), mTOR
(mammalian target of rapamycin), and Hippo signaling
pathways (Figure 5F).

PPI network construction

We further constructed the PPI network using the
STRING database. A total of 10 proteins were closely
associated with FBXO45 protein, of which MYCBP2 and
SKP1 were most associated with FBXO45 (Figure 6).

Immune cell infiltration analysis

To verify the immune-regulation function of FBXO45, we
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Figure 3 Expression of FBXO45 in tumor or normal tissues. (A) FBXO45 expression in tumor tissues from TCGA cohort; (B) FBXO45

expression in normal tissues from the GTEx cohort.

downloaded the infiltration levels of 24 immune cells from
the ImmuCellAI database, and compared the immune cell
infiltration levels in the high and low FBXO45 expression
groups. We found that the infiltration levels of CD4 T cells,
CDS8 T cells, and NK cells were lower in the high FBXO45
expression group in ESCA (Figure 7).

We also performed correlation analysis between
FBXO45 expression and the immune cell infiltration level
(Figure 84). Through the correlation analysis, we observed
that FBXO45 expression was negatively correlated with

© Journal of Gastrointestinal Oncology. All rights reserved.

immune killer cells, including NK cells and CD8" T cells, in
ESCA (Figure 8B,8C). These results revealed that patients
with high FBXO45 expression might be in a relatively
immunosuppressive environment. FBXO45 was mainly
expressed in the cytoplasm of ESCA cells (Figure 9).

Discussion

ESCA is a common gastrointestinal tumor. Although
some progress has been made in cancer-related treatment
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A Expression of FBXO45 in ESCA based on individual cancer
stages
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SPRYD3

Figure 6 The PPI network. The PPI network of FBXO45 was constructed using the STRING database. PPI, protein-protein interaction.

technology in recent years, the 5-year survival rate of
ESCA is still very low (11-13). Recent studies have shown
that the remodeling of the TIME by cancer cells plays
an important role in the development of ESCA, thereby
weakening the response of ESCA patients to treatment and
leading to worse survival status (14,15). Thus, identification
of essential genes that could affect the TIME is urgently
needed.

FBXO45, a substrate-recognition subunit of E3 ligases,
is a member of the F-box protein family. FBXO45 is
reportedly involved in the progression of numerous tumors.
However, the role of FBXO45 in ESCA and its correlation
with the TIME remains unclear. In our study, we first
assessed the expression of FBXO45 and found that FBXO45
expression was higher in tumor tissues compared with
normal tissues in ESCA. In addition, FBXO45 expression
was relatively higher in worse tumor stages. We also
observed that FBXO45 was highly expressed in esophageal
squamous cell carcinoma, compared to esophageal
adenocarcinoma.

Furthermore, we conducted enrichment analysis of
FBXO45. The functional enrichment results revealed
that FBXO45 was mainly associated with proteasomal
protein catabolic process and regulation of DNA metabolic
processing in BP category; spindle, chromosomal region,

© Journal of Gastrointestinal Oncology. All rights reserved.

and focal adhesion in the CC category; and ATPase activity
and ubiquitin-protein transferase activity terms in the MF
category. KEGG analysis revealed that FBXO45 might
participate in the cell cycle, as well as the Wnt, mTOR,
and Hippo signaling pathways. These results suggested that
FBX045 might be an oncogene that is involved in multiple
cancer-promoting pathways.

Through the PPI network, we found that SKP1 was
closely associated with the FBXO45 protein. It was
previously reported that SKP1 is an oncogene in many
tumor types, including colorectal (16), breast (17), skin (18),
lung (19), and bladder (20) cancers. SKP1 is also involved
in ESCA (21-23). We believe that the interaction between
FBXO45 and SKP1 may be one of the mechanisms through
which FBXO45 promotes the progression of ESCA.

In addition, we further explored the role of FBXO45 in
the TIME. Our results suggested that FBXO45 expression
was negatively correlated with immune killer cells, including
NK cells and CD8" T cells, in ESCA. These results
demonstrated that patients with high FBXO45 expression
might be in relatively immunosuppressive environment.

In conclusion, our findings showed that FBXO45 acts
as an oncogene in ESCA. High FBXO45 expression may
contribute to an immunosuppressive microenvironment

in ESCA.
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Figure 8 The correlation between FBXO45 expression and immune cell infiltration level. (A) The correlation between FBXO45 and
indicated immune cells in ESCA. The red line represents a positive correlation and the green line represents a negative correlation; the

darker the color, the stronger the correlation; (B) the correlation between FBXO45 expression and NK cells; (C) the correlation between

FBXO45 expression and CD8 T cells.

20 pm

Figure 9 Immunohistochemistry and immunofluorescence of FBXO45 in ESCA. FBXO45 was mainly expressed in the cytoplasm in ESCA.
ESCA, esophageal cancer.
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