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Abstract
Introduction: Copy number variation is a significant characteristic of colorectal cancer progression. RBFOX1 (A2BP1) is the
gene with the highest frequency of copy number loss in colorectal cancer, but current research related to it and colorectal cancer
is relatively scarce.
Methods: Data from TCGA and other sources were used to analyze the copy number variation and mRNA expression levels of
RBFOX1, as well as their correlation with clinical pathological data. Immunohistochemistry and immunofluorescence experi-
ments were used to analyze the expression of RBFOX1 protein in colorectal cancer cells and tissues.
Results: RBFOX1 has a high frequency (22.4%) of copy number loss and diverse copy number variations in colorectal cancer tissues.
High-level RBFOX1 deletion is prone to occur in the right-sided colon and tissues with high microsatellite instability. The copy num-
ber variation of RBFOX1 and mRNA expression are not correlated. In tumor tissues, RBFOX1 mRNA shows a characteristic of
reduced expression, which is significantly related to BRAF mutation (P= 4.7e-05, P= 0.03). Low expression of RBFOX1 is prone
to occur in the right-sided colon and tissues with high microsatellite instability. The protein encoded by RBFOX1 is expressed in
normal intestinal tissues, but shows a characteristic of absence in some colorectal cancer tissues.
Conclusion: In the right-sided colon and tissues with high microsatellite instability, RBFOX1 shows copy number loss and low mRNA
expression. This characteristic is closely related to BRAF gene mutation, and the protein of RBFOX1 is absent in some colorectal
cancer tissues.
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Introduction
Colorectal cancer is a prevalent malignant tumor that poses a
significant threat to human health.1 It is a heterogeneous dis-
ease, and a single fixed treatment approach cannot benefit all
patients. Therefore, the current research focus is on classifying
different tumor patients into subtypes based on characteristics
such as gene mutations, chromosomal structural changes, and
epigenetic factors, in order to provide more targeted and pre-
cise treatments for patients of different subtypes.2 Among all
molecular classifications, copy number variation (CNV) is
an extremely important indicator. For instance, in consensus
molecular subtypes, CMS2 and CMS4 exhibit significant
copy number alterations.3 Additionally, through the use of
tumor organoids, scientists have discovered that individual
and multiple mutations of genes such as APC and TP53 do
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not seem to cause distant metastasis of tumors, whereas the
combination of these gene mutations with chromosomal
instability can lead to significant metastasis. These findings
highlight the crucial role of chromosomal instability, particu-
larly CNV, in the progression of colorectal cancer.4,5

In our previous work, we utilized data from TCGA and other
sources to analyze the characteristics of the most prominent copy
number amplification region, 20q, in colorectal cancer. We iden-
tified several oncogenes located within this region.6,7 The study of
20q and its relationship with colorectal cancer has gained increas-
ing attention from researchers, and some studies have found that
the presence of copy number amplification in 20q can divide colo-
rectal cancer into two distinct subtypes.8 However, it is surprising
that large data visualization websites for colorectal cancer, such as
Cbioportal9 and COSMIC,10 show that the frequency of deep
deletion of copy number in the 16p13.3 region ranks first, signifi-
cantly higher than 20q. Nevertheless, there is relatively limited
comprehensive research on the relationship between the
16p13.3 region, the RBFOX1 gene located within it, and colorec-
tal cancer. Therefore, in this article, we will utilize large-scale data
and experimental analysis to investigate the CNV characteristics,
copy number alterations, mRNA expression levels, and their cor-
relation with clinical pathological data of the RBFOX1 gene in
colorectal cancer. We will also employ experimental methods
such as immunohistochemistry and immunofluorescence to ana-
lyze the expression of RBFOX1 protein in colorectal cancer cells
and tissues. These studies will provide preliminary theoretical
support for understanding the relationship between RBFOX1
and colorectal cancer.

Methods

Download of Colorectal Cancer Data and Copy Number
Evaluation of RBFOX1
Twocolorectal cancer datasets, namelyColorectalAdenocarcinoma
(TCGA, Firehose Legacy) and Colon Cancer (CPTAC-2
Prospective, Cell 2019), were downloaded from The cBioPortal
for Cancer Genomics official website.9 These two large datasets
include copy number data, mRNA expression data, and clinical
information of colorectal cancer samples. Putative copy-number
calls on colorectal cancer datasets were determined using GISTIC
2.0. The values assigned are as follows:−2=homozygous deletion;
−1=hemizygous deletion; 0=neutral / no change; 1=gain; 2=
high level amplification.11

Clinical Sample Collection
Colorectal cancer and adjacent tissue samples were obtained
from surgical specimens at the Department of Colorectal and
Anal Surgery, Zhongnan Hospital of Wuhan University, from
April 2024 to October 2024. These specimens were immedi-
ately fixed in 4% formaldehyde after being excised. Paraffin
sections of normal colorectal tissue, human brain tissue, and
colorectal cancer tissue microarrays were sourced from the

Pathology Department of Zhongnan Hospital of Wuhan
University. The use of all these samples has been approved
by the ethics committee of Wuhan University (Approval No.
2024042 K), and informed consent was obtained from all
patients prior to surgery.

Immunohistochemistry
The selected paraffin blocks were sliced into sections with a
thickness of approximately 4μm and baked in a constant tem-
perature oven at 80 °C for half an hour. Then, the sections
were dewaxed in water; antigen retrieval was performed in a
high-pressure cooker with citrate repair solution (diluted 50X)
for 1.5 min, followed by rinsing with running water until
room temperature. The sections were outlined with an immuno-
histochemistry pen, rinsed with PBS, and then incubated at
room temperature for 10 min with hydrogen peroxide solution
(DAKO). The liquid was poured off, and the sections were
rinsed with PBS three times. Blocking solution with sheep
serum (Beijing Zhongshan) was added dropwise, and the sec-
tions were incubated for half an hour. The liquid was poured
off, and the sections were rinsed with PBS three times.
A2BP1 Polyclonal antibody (Proteintech, USA, 22647-1-AP)
was added dropwise and incubated at 37 °C for 1 h. The liquid
was poured off, and the sections were rinsed with PBS three
times. HRP-labeled secondary antibody (DAKO, ready-to-use)
was added dropwise and incubated at room temperature for
30 min. The liquid was poured off, and the sections were rinsed
with PBS three times. DAB chromogenic reagent A and B
(DAKO) were added for color development for 3 min, and
the color development was observed under a microscope. The
color development was terminated by rinsing with PBS, fol-
lowed by counterstaining with Mayer’s hematoxylin for
5 min, rinsing with water, and bluing. The sections were dehy-
drated with ethanol, air-dried, and then sealed with coverslips.

Gene Mutations and the Expression Level of RBFOX1
The correlation analysis of common colorectal cancer mutation
genes, including TP53, APC, KRAS, SMAD4, BRAF, PI3KA,
etc, and the expression level of RBFOX1 was conducted using
the Gene Mutation module of TIMER2.0.12 The Gene Mutation
module can analyze the log2 fold changes of the differential
expression of RBFOX1 for each cancer type, according to the
writing characteristics of Nature magazine.

Microsatellite Instability Evaluation
The microsatellite instability evaluation of colorectal cancer
samples from TCGA and CPTAC was comprehensively pre-
dicted through MSIsensor13 and PreMSIm.14 For the results
predicted by MSIsensor, tissues with an MSI score <10 are
defined as microsatellite stable (MSS), and those with an MSI
score ≥10 are defined as microsatellite unstable (MSI-H). In
the results predicted by PreMSIm, 1 represents MSI-H, while
0 represents MSS colorectal cancer tissue.
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Cell Culture
Colorectal cancer cells HT-29 (ATCC accession number:
HTB-38)and SW480(ATCC accession number: CCL-228)
were cultured with L15 culture medium (KeyGEN BioTECH,
Nanjing, China)+ 10% fetal bovine serum (FBS) (Biological
Industries, Israel), colorectal cancer cells HCT116 were
cultured with McCoy’s 5A culture medium (KeyGEN
BioTECH, Nanjing, China or Gibco, USA)+ 10% FBS. All
cells were cultured in a cell incubator at 37 °C with 5%
CO2.All cells were donated by the Department of
Gastroenterology, Zhongnan Hospital of Wuhan University.

Immunofluorescence
Small round slides were soaked in 70% ethanol for more than
5 min, dried under a sterile ultra-clean table, and washed three
times with disposable PBS. The washed slides were placed in a
24-well plate, and then the experimental cells were inoculated.
After the cells were placed in the cell incubator overnight, the
following experiments were performed when the cell fusion
degree was 50% to 80%. The culture medium was aspirated
clean, and the fixative polyformaldehyde was added to the
24-well plate. The cells were fixed overnight. The next day,
the fixative was discarded, and the cells were washed 2–3 times
with washing solution on a shaker, each time for 5 min. Then,
the cells were sealed with sealing solution on a shaker for
1 h. After removing the sealing solution, the diluted A2BP1
Polyclonal antibody (Proteintech, USA, 22647-1-AP) was
applied at 4 °C overnight. After overnight incubation, the pri-
mary antibody was washed off with washing solution, and after
washing, the washing solution was discarded and the fluores-
cently labeled secondary antibody was added and incubated
for more than 1 h. The cells were washed three times with wash-
ing solution on a shaker (5 min each time), and light avoidance
operation was noted. DAPI was dropped onto the slide to stain
the cell nucleus for about 15 min. After washing three times, the
cover slide in the 24-well plate was taken out, air-dried, and
placed on the slide. The cells were sealed with anti-fluorescence
quenching agent, and the cell fluorescence could be observed
and recorded under a fluorescence microscope.

Statistical Analysis
The chi-square test and two-tailed unpaired Student’s t-test
were carried out using GraphPad Prism 9.5 software. The
overall survival (OS) and disease-free survival (DFS) curves
were generated using the log-rank test in accordance with the
Kaplan-Meier method, utilizing R 4.2.1 software. A simple
linear regression model was employed to analyze the correl-
ation between the expression of mRNA and the CNV of
RBFOX1. All data were replicated at least three times
independently. The threshold for statistical significance was
set at P < 0.05.

Results

RBFOX1 Exhibits High Frequency Copy Number
Deletions in Colorectal Cancer Tissues
Online visualization images from Cbiopartal show that RBFOX1
has the highest frequency of copy number deletions in colorectal
cancer (Figure 1A). We then downloaded TCGA data to further
analyze the copy number characteristics of RBFOX1. The results
show that deep copy number deletions are not the only feature of
this gene. In 616 cases of colorectal cancer tissues, deep copy num-
ber deletions account for 22.40% (138/616), low-level copy num-
ber deletions account for 14.61% (90/616), and 46.10% (284/616)
didnot undergocopynumber changes.Additionally, somecolorec-
tal cancer tissues also exhibited copy number amplifications, with
low-level copy number amplifications accounting for 16.23%
(100/616), and high-level copy number amplifications accounting
for 0.65% (4/616) (Figure 1B). To validate this trend, we used the
Colon Cancer (CPTAC-2 Prospective, Cell 2019) dataset for simi-
lar analysis. The results showed that deep copy number deletions
accounted for 23.81% (25/105), low-level copy number deletions
accounted for 14.29% (15/105), 58.10% (61/105) did not undergo
copy number changes, low-level copy number amplifications
accounted for 2.86% (3/105), and high-level copy number amplifi-
cations accounted for 0.95% (1/105) (Figure 1C). These results
indicate that RBFOX1 exhibits high frequency copy number dele-
tions in colorectal cancer, but also presents diverse characteristics.

RBFOX1 Copy Number Variation is Correlated with
Clinical Pathology
Given the different copy number characteristics of RBFOX1, we
divided RBFOX1 into four groups according to the changes in
copy number(Group A represent high-level copy number deletions
group, Group B represent low-level deletion group, Group C
represent normal group, Group D represent copy number amplifi-
cation group), and statistically analyzed the correlation between
these four groups and 13 clinical information. The results from
Table SI and Table 1 show that tumor location and microsatellite
instability are the two most statistically significant clinical patho-
logical indicators. Specifically, compared to the normal group,
low-level deletion group, and copy number amplification group,
high-level copy number deletions are more likely to occur in the
right-sided colon. High microsatellite stability is more likely to
occur in the group with high-level RBFOX1 deletions compared
to the normal group, the group with mild copy number deletions,
and the group with copy number amplifications. Both copy num-
ber amplification and deletion seem to lead to tumor progression.
Compared to the normal copy number group, low-level copy num-
ber deletions are more likely to occur in later stages, with lymph
node metastasis, low microsatellite instability, and invasion of
the peritoneal tissue. Compared to the normal copy number group,
copy number amplifications are more likely to occur in later stages,
with lymph node metastasis, low microsatellite instability, and tis-
sues where both blood vessels and lymph nodes are invaded by the
tumor. In addition, we found some other potentially important
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statistical differences. In tissues where the lymph nodes are
invaded by the tumor, different levels of copy number changes
are more easily observed. We performed survival analysis on the
progression-free survival and overall survival between the four
groups, and tested them with the Log-rank test. The results
show that there is no statistical significance between the four
groups in DFS (P=0.84) and OS (P= 0.095). Survival analysis
was also performed between each of the two groups (results not
shown), and no correlation was found between RBFOX1 CNV
and the prognosis of colorectal cancer (Figure 1D).

The Copy Number Variation of RBFOX1 and mRNA
Exhibit Independent Characteristics
Based on the characteristics of RBFOX1 copy number, we fur-
ther analyzed the CNV-mRNA synergy of the RBFOX1 gene.
Among 376 colorectal cancer tissues that included both mRNA
and CNV values, the results showed that the two were not
related (Figure 2A). Surprisingly, we found that compared
with tissues without copy number changes, tissues with copy
number loss, especially deep copy number loss, had increased

Figure 1. Copy Number Variation of RBFOX1 and Its Correlation with DFS and OS. A. Online Data from Cbioportal shows that RBFOX1 has
the Highest Frequency of Copy Number Deletions in Colorectal Cancer. B And C. Analysis of RBFOX1 Copy Number Situation in Colorectal
Adenocarcinoma (TCGA, Firehose Legacy) and Colon Cancer (CPTAC-2 Prospective, Cell 2019) Data. D. KM Survival Curve of Progression-
Free Survival and Overall Survival Among the Four Groups.
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mRNA expression (P < 0.05), and copy number amplification
also had the characteristic of increased mRNA expression
(Figure 2B). This seems to be a contradictory conclusion. To
better understand the CNV-mRNA characteristics of the
RBFOX1 gene, we separately analyzed the correlation of
4 groups of CNV-mRNA, and the results showed that CNV
and mRNA were not related (Figure 2C-F). These results indi-
cate that the copy number changes of RBFOX1 in colorectal
cancer cannot lead to corresponding changes in mRNA dosage.
We then analyzed the expression level of RBFOX1 in tumor
and normal tissues, and the results showed that the mRNA of
RBFOX1 was down-regulated in tumor tissues (Figure 2G).
According to the expression level of mRNA, colorectal cancer
samples were divided into high mRNA expression group and
low mRNA expression group, and the correlation between these
two groups and 13 clinical samples was statistically analyzed.
The results showed that low expression of RBFOX1 tended
to occur in the right-sided colon and tissues with high microsat-
ellite instability (Table 2). In addition, we also analyzed the cor-
relation between the expression level of RBFOX1 and common
mutation genes in colorectal cancer. The results showed that the
expression of RBFOX1 was reduced in colorectal cancer tissues
with BRAF mutations, but it was not related to TP53, APC,
KRAS and SMAD4 (Figure 2H).

The Protein RBFOX1 is not Expressed in Some
Colorectal Cancers
The immunofluorescence of the protein database15 shows that
RBFOX1 presents a certain degree of difference in cancer cells
of different tissues. In human osteosarcoma cells U-2 OS,
RBFOX1 has a uniform nuclear distribution characteristic. In
human glioma cells U251, the protein has a nuclear distribution
characteristic, but the nuclear intensity is significantly stronger
than the cytoplasm. In human rhabdomyosarcoma cells RH-30,
RBFOX1 protein is mainly distributed in the cell nucleus and

Golgi apparatus (Figure 3A). Next, we analyzed the character-
istics of RBFOX1 protein in colorectal cancer cells. The
COSMIC Tumor Cell Project reveals that copy number losses
are present in multiple colorectal cancer cell lines, including
HCT-116 and HT-29(Figure 3B). Immunofluorescence shows
that RBFOX1 protein is mainly distributed in the nucleus in
well-differentiated tumors such as HT-29 and SW480, while
in poorly differentiated tumors such as HCT116, the protein
is mainly distributed in the nucleus, and a small amount of it
is distributed in the cytoplasm (Figure 3C). The immunohisto-
chemistry results of the protein database15 show that the protein
is mainly distributed in the glandular cells of the normal intes-
tine and shows a moderate intensity of cytoplasmic distribution
characteristics, but the expression of this protein was not
detected in 11 cases of colon cancer tissues (0/21, 0%)
(Figure 4A). To confirm this conclusion, we collected a normal
brain sample as a positive control from the clinic, analyzed the
intestinal tissue of a patient who underwent total colectomy due
to chronic transmission constipation, three right colon cancers
and adjacent tissues, and performed RBFOX1 immunohisto-
chemical staining on the colorectal cancer chip. The results
showed that RBFOX1 in brain tissue is mainly located in neu-
rons and nuclear staining, which indicates that the antibody has
specificity (Figure 4C). The constipation intestinal tissue and
adjacent tissues showed the same characteristics as the protein
database (Figure 4D/E), but we found that the cancer tissues
all had protein staining (Figure 4E, Table SII). In two high-
throughput pathological tissue chips (consisting of 69 cases of
colorectal cancer tissues,), three cases of cancer tissues lacked
expression, and other cancer tissues all had expression
(Figure 4B).

Discussion
RBFOX1 encodes an RNA-binding protein that regulates the
specific splicing of many crucial neuronal transcription factors.

Table 1. Perform Statistical Analysis of the P Values for Inter-Group Comparisons Based on the Grouping Results Shown in Table SI, A
Represent High-Level Copy Number Deletions Group,B Represent Low-Level Deletion Group,C Represent Normal Group, D Represent Copy
Number Amplification Group.

　 A versus B A versus C A versus D B versus C B versus D C versus D

C or R
age 0.6578 0.2586 0.9256 0.3514 0.7298 0.166
sex 0.2248 0.8511 0.1686 0.1304 0.0177 0.1649
site 0.0003 0.0039 <0.0001 0.1081 0.853 0.0592
N0 versus N1+N2 0.196 0.3365 0.0646 0.0225 0.6555 0.0029
T2+T1 versus T3+T4 0.6607 0.0805 0.2815 0.3102 0.3006 0.6844
M 0.2635 0.9905 0.2689 0.1997 0.9632 0.2001
STAGE I+II versus III+IV 0.2416 0.1947 0.0636 0.0159 0.5687 0.0011
Vascular invasion 0.8485 0.0582 0.2011 0.0663 0.3448 0.0012
Lymphovascular invasion 0.875 0.0317 0.142 0.0466 0.2487 0.0003
Perineural Invasion 0.0304 0.8633 0.2827 0.018 0.2736 0.28
Weight 0.506 0.0535 0.9184 0.1879 0.4565 0.0345
Patient Height 0.6069 0.6653 0.668 0.91 0.3533 0.3632
MSI-S versus MSI-H <0.0001 0.0007 <0.0001 0.0086 0.5568 0.0014
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Variations in its copy number can lead to severe diseases,
including mental retardation, epilepsy, schizophrenia, and aut-
ism spectrum disorders.16–19 It has been found that RBFOX1
interacts with SCA2, a key gene causing spinocerebellar ataxia
type 2,20 and recent findings suggest that RBFOX1 may be a
new locus involved in the pathogenesis of Alzheimer’s dis-
ease.21 Additionally, some studies indicate that this protein
may be knocked down in gliomas and other tumors.22–24

In colorectal cancer, the RBFOX1 gene exhibits a high fre-
quency of copy number deletions. Interestingly, the variation in
the copy number of this gene in colorectal cancer tissues is
diverse, with some tissues showing low levels of copy number
deletions and amplifications. This feature is distinctly different
from the copy number changes of other chromosomes. For
instance, in colorectal cancer tissues, genes on 8q and 20q
show significant copy number amplifications, which are

Figure 2. Characteristics of RBFOX1mRNA inColorectal Cancer.A.CorrelationAnalysis of Total RBFOX1CopyNumberVariation andRBFOX1
mRNA Expression. B. Differences in RBFOX1 mRNA Expression Among the Four Groups, with Significant Differences Between Groups A And C
(****Represent P < 0.0001), andSignificantDifferencesBetweenGroupsCAndD(***DenotesP < 0.001).C-F.CorrelationAnalysisofCopyNumber
Variation andCorrespondingmRNAExpression in EachGroupAmong the FourGroups., C: (GroupA–High–Level CopyNumberDeletionsGroup),
D(Group B– Represent Low-Level Deletion Group), E(Group C–Normal Group), F(Group D –Copy Number Amplification Group). G. Relative
mRNA Expression of RBFOX1 in Colon Adenocarcinoma and Rectal Adenocarcinoma, Indicating that RBFOX1 mRNA Expression in Colorectal
Cancer is Lower than in Normal Tissues. H. Correlation between BRAF Gene Mutation and RBFOX1 mRNA in Colon Cancer and Rectal Cancer
Tissues. I. Correlation Between PIK3CA Gene Mutation and RBFOX1 mRNA in Colon Cancer and Rectal Cancer Tissues.
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singular and almost devoid of deletion mutations.25–27

Furthermore, when analyzing the correlation between
RBFOX1 copy number changes and clinical information, we
found that both copy number amplifications and deletions
seem to lead to tumor progression. These findings suggest
that although RBFOX1 exhibits significant copy number dele-
tions in colorectal cancer, it may not be a typical tumor suppres-
sor gene (TSG). Multiple studies have shown that RBFOX1 on
chr-16 p region is often affected by heterozygous and homozy-
gous deletions, but its homozygous deletion frequency is much
lower than that of classical TSGs, and no somatic mutations
have been observed in the RBFOX1 coding region, indicating
that it is not a classical TSG.28,29

In the analysis of the correlation between copy number and
clinical pathological data, we made an important finding that the
high-frequency copy number deletions of RBFOX1 mainly
occur in the right-sided colon and in tissues with microsatellite
instability. This suggests that the CNV of RBFOX1 may not be
an isolated random event. In tumor tissues, changes in DNA
copy number often accompany changes in mRNA and pro-
tein,30 but we found that the copy number values of RBFOX1
do not correlate with mRNA expression levels. Moreover,
regardless of copy number deletions or amplifications, the
expression level of RBFOX1 is elevated, suggesting that the
expression level of RBFOX1 in the progression of colorectal
cancer does not seem to be regulated by copy number changes.
This is distinctly different from our previous research on 20q.
Genes on 20q in the progression of colorectal cancer follow a
highly correlated CNV-mRNA-protein change pattern.6,7

Interestingly, we found that compared to normal tissues, the
expression level of RBFOX1 is significantly reduced in

colorectal cancer tissues, and low expression of RBFOX1
mainly occurs in the right-sided colon and in tissues with
high microsatellite instability.31

Importantly, we found that in colorectal cancer tissues, the
expression level of RBFOX1 is significantly correlated with
BRAF mutations, but not with TP53, APC, KRAS, and
SMAD4. Combined with the analysis in the article, deep
copy number deletions mainly occur in the right-sided colon
and in tissues with high microsatellite instability. In subgroup
analysis, there is a certain degree of significance in the CNV dif-
ferences of RBFOX1 in females, and BRAF gene mutations are
mainly related to females, usually on the right side of the colon
and in the late stage, and are related to high microsatellite
instability. These findings indicate that in colorectal cancer,
the RBFOX1 gene is significantly correlated with BRAF muta-
tions in colorectal cancer. Some studies have shown that
RBFOX1 may inhibit the occurrence of gliomas by regulating
many genes, one of which is that RBFOX1 partially inhibits
the occurrence of gliomas by affecting the selective splicing
of a recognized tumor suppressor factor TPM1.23 Therefore,
we speculate that the selective splicing of RBFOX1 may be
involved in the mutation of the BRAF gene, resulting in such
a high degree of clinical pathological characteristic correlation
between the two.

RBFOX1 is mainly expressed in neurons, heart, and skeletal
muscle.32 RBFOX1 not only acts as a splicing regulator in the
nucleus but is also selectively spliced to produce a cytoplasmic
form. Hu and colleagues’ IHC results show that compared to
normal tissues, RBFOX1 is expressed at lower levels in human
gliomas.23 Neel and colleagues’ immunohistochemistry results
show that RBFOX1 is expressed at low levels in the intestine,
and the expression of this protein is reduced in colorectal can-
cer.22 Our database and IHC studies show that RBFOX1 protein
is only expressed in some colorectal cancer tissues, which may
be related to the patient’s BRAF gene mutation.

In this article, we have only preliminarily explored the correl-
ation between the RBFOX1 gene and colorectal cancer. Although
compared to other oncogenes or TSGs, RBFOX1 does not seem
to be typical, and some studies show that in tumors, the RBFOX1
region is prone to copy number deletions and does not have a cer-
tain correlation with tumor suppression. However, its changes
mainly occur in the right-sided colon and in tissues with high
microsatellite instability. This feature not only reflects the charac-
teristics of BRAF mutations in colorectal cancer tissues but is also
significantly correlated with this mutation. These findings suggest
that RBFOX1 may be related to colorectal cancer. The gene data-
base Genecard shows that RBFOX1 is a colorectal cancer-related
“elite” gene and ranks 66th.

It is worth noting that this paper also has some shortcomings
and limitations. Our validation was conducted solely on clinical
specimens from a single-center study with a limited sample
size, necessitating further verification through multi-center
studies with larger sample cohorts in subsequent research
phases. Current investigations into RBFOX1 and colorectal car-
cinoma remain relatively limited. Discrepancies observed in
immunohistochemical analyses compared with previous

Table 2. Analyze the Correlation Between the mRNA Expression
and 13 Clinical Information in the Colorectal Adenocarcinoma
(TCGA, Firehose Legacy) Dataset.

　 High Low P value

<50 19 38 0.1889
≥50 136 183
male 87 120 0.7254
female 68 101
Left hemicolon 92 99 0.017
Right hemicolon 51 94
T12 25 42 0.4782
T34 129 178
N0 81 125 0.3916
N1+N2 73 94
I, II 74 118 0.5288
III,IV 69 96
NO vascular_invasion 105 144 0.9922
YES vascular_invasion 32 44
NO Lymphovascular_invasion 99 129 0.2935
YES Lymphovascular_invasion 38 64
NO perineural 65 101 0.225
YES perineural 28 30
MSS 151 171 <0.0001
MSH 4 47
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studies, despite our utilization of brain tissue as positive con-
trols, may potentially stem from antibody specificity issues
and tumor heterogeneity in clinical sample acquisition.
Independent validation of this antibody across different

research centers is therefore warranted. Although our findings
suggest a potential association between RBFOX1 and colorec-
tal carcinogenesis, it remains unclear whether this represents a
primary causative event or a secondary epiphenomenon

Figure 3. Immunofluorescence Analysis of RBFOX1 Protein in Tumor Cells. A. Immunofluorescence from the Human Protein Atlas Database
shows that RBFOX1 has Different Nuclear-Cytoplasmic Distribution Characteristics in Cancer Cells of Three Different Tissues. (https://www.
proteinatlas.org/search/RBFOX1) B. COSMIC Cancer Cell Engineering shows Copy Number Deletions in Multiple Colorectal Cancer Cells.
C. Immunofluorescence shows that RBFOX1 Protein is Mainly Distributed in the Nucleus of Well-Differentiated Tumor Cells HT-29 and
SW480, While in Poorly Differentiated HCT116, The Protein shows Nuclear-Cytoplasmic Distribution Characteristics.
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Figure 4. Immunohistochemical Analysis of RBFOX1 Expression Level in Normal and Cancerous Colorectal Tissues. A. Immunohistochemical
Results from The Human Protein Atlas Database Show that the Protein is Mainly Distributed in the Glandular Cells of the Normal Intestine and
shows Low Cytoplasmic Distribution Characteristics, But the Expression of this Protein is not Detected in Colorectal Cancer Tissues, Here are
Two Representative Tissues. N1958 Representative an Immunohistochemical Results of RBFOX1 of 84 Years Old Female Patient in Normal
Colon Tissue, 1958 is the Patient ID, N1857 Representative an Immunohistochemical Results of RBFOX1 of 47 Years Old Male Patient in
Normal Colon Tissue, C4724 Representative an Immunohistochemical Results of RBFOX1 of 70 Years Old Female Patient in Adenocarcinoma
Tissue, C4724 Representative an Immunohistochemical Results of RBFOX1 of 82 Years Old Female Patient in Colon Adenocarcinoma Tissue.
(https://www.proteinatlas.org/search/RBFOX1). B. Immunohistochemical Results of RBFOX1 in Two High-Throughput Pathological Tissue
Chips (Consisting of 69 Colorectal Cancer Tissues). C. A Normal Brain Sample was Used as a Positive Control., On the Left is a 100x
Microscopic Image of the Brain, And on the Right is a 200x Magnified Image of a Localized Area on the Left. D. Immunohistochemical Results of
RBFOX1 in Intestinal Tissue from a Case of slow Transit Constipation Undergoing Total Colectomy. E. Immunohistochemical Results of
RBFOX1 in Three Right-Sided Colorectal Cancers and Adjacent Tissues. N Means Normal, C Means Cancer.
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resulting from genetic mutations, epigenetic alterations, or
chromosomal instability. This critical distinction requires fur-
ther validation through comprehensive cellular experiments
and animal models to elucidate the precise mechanistic role
of RBFOX1 in colorectal tumorigenesis.

Conclusion
In the right-sided colon and tissues with high microsatellite
instability, RBFOX1 shows copy number loss and low
mRNA expression. This characteristic is closely related to
BRAF gene mutation, and the protein of RBFOX1 is absent
in some colorectal cancer tissues.
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