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Abstract

Background To investigate the expression of EBV products and frequency of gallstone disease (GD) among different
microsatellite status in colorectal cancer (CRC) with BRAFY*%F mutation.

Methods We collected 30 CRC patients with BRAFY5%F mutation and 10 BRAF (—) CRC patients as well as 54 healthy
subjects. Tumor tissue samples were collected to detect the mutation of BRAF, KRAS, and TP53. Microsatellite status
was determined by immunohistochemistry and PCR. EBER in situ hybridization was performed to detect EBV. In addi-
tion, we also collected clinical information about the patients.

Results We found that although EBV products were detected in CRC, there were no significant differences in the EBV
distribution between the different BRAF groups. Our study demonstrated that BRAF/*%F mutation and BRAF /%%

with MSI were significantly more frequent in the right CRC. Furthermore, the KRAS mutation rate in the BRAF-wild-
type group was proved to be significantly higher than that in the BRAF mutation group. In addition, we revealed

that BRAF mutation and MSI were independent risk factors of TNM stage. The frequency of GD was higher in CRC
patients than in general population, and although there was no significant difference between CRC with or without
BRAFY5%% mytation, the highest frequency of GD was found in MSS CRC with BRAF'6%%F mutation.

Conclusions EBV plays a role in CRC, but is not a determinant of different microsatellite status in CRC with BRA
mutation. The frequency of GD in MSS CRC with BRAF'®%E mutation is significantly higher than that in the general
population.
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silencing, which is considered an early event in the SSAD-
carcinoma transformation [1]. The remaining approxi-
mate 25% of CRC patients carrying BRAFY***F mutation
showed a high level of CDKN2A (p16) promoter meth-
ylation along with a high level of CIMP without MLH-1
promoter methylation indicating microsatellite stabil-
ity (MSS) [2]. There was no difference in the survival
rate of CRC patients carrying BRAFY*°F mutation with
MSI-H when compared to those with unmutated BRAF;
however, BRAFY*F mutated CRC with MSS was highly
malignant and lack of effective treatment, resulting in a
very poor prognosis [3, 4].

There are few studies on the mechanisms of methyla-
tion of MSS CRC with BRAFV**F mutation. The molecu-
lar characteristics of MSS CRC with BRAFV*F mutation
are highly similar to Epstein-Barr virus-associated gas-
tric cancer (EBVaGC) [5]. EBV-positive tumors have a
high prevalence of DNA hypermethylation, and almost
all EBVaGCs display CDKN2A (p16INK4A) promoter
hypermethylation without MLH1 hypermethylation
characteristic of MSI-associated CIMP, exhibiting MSS
[6]. Thus, we speculate that there may be some correla-
tion between MSS CRC with BRAFV*%F mutation and
EBV infection.

Study reports of EBV-associated CRC are almost none;
thus, the role of EBV in CRC is still uncertain. In general,
EBV plays a role in the pathogenesis of colon cancer, and
a chronic inflammatory environment can facilitate the
carcinogenicity of EBV [7]. However, most of the existing
researches have some defects in the study design, such as
inappropriate sample properties and sample size, which
lead to the inconclusive role of EBV in the development
of CRC.

It is especially noteworthy that many of the risk factors
for gallstone disease (GD) include factors that are well-
established as risk factors for CRC (obesity, high-energy
intake, alcohol consumption, and diabetes) [8]. Bile acids
(BAs), particularly secondary BAs, can cause oxidative
stress, DNA damage, apoptosis, and mutation and were
speculated to be strong carcinogens or promoters of CRC
[9, 10].

The aim of this study was to compare the expression of
EBV products and the frequency of GD among different
microsatellite status in CRC with BRAFV*F mutation
and to investigate the role of EBV and GD in the patho-
genesis of MSS CRC with BRAFY®°F mutation.

Materials and methods

Patient selection and patient characteristics

From January 2018 to December 2020, 30 CRC patients
with BRAFY®%E mutation and 10 BRAF (—) CRC patients
after surgical resection as well as 54 healthy subjects were
collected from Shanghai General Hospital. In addition to
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the collection of tissue specimens, we also collected clini-
cal information about the patients, especially the gall-
stone situation. All CRC patients underwent preoperative
hepatobiliary ultrasound and upper abdominal-enhanced
CT scan. And all healthy subjects were community
routine physical examination population and received
B-ultrasound examination of liver, biliary, and pancreas.
The diagnosis of gallstones relies on imaging findings or
a history of cholecystectomy for gallstones. Our research
was approved by the Ethics Committee for Clinical
Research of Shanghai General Hospital and was con-
ducted in accordance with the Declaration of Helsinki.

Detection of BRAFV°°E mutation

The mutations of BRAFV*F were detected by qPCR. The
nucleic acid was extracted by a QIAamp DNA Mini Kit
(Kaijie Biological Engineering Co., Ltd.), and OD260/
0OD280 was used for quality control. BRAF Exon 15-spe-
cific primer (forward primer 5-TCATAATGCTTGCTG
TGATAGGA-3"and reverse primer 5-GGCCAAAAA
TTTAATCAGTGGA-3") was designed, and real-time
PCR was performed and analyzed by ABI 3730 DNA
sequencer.

Determination of MSI

The total genomic DNA was extracted by a QITAmp DNA
Mini Kit, and OD260/0D280 was used for quality con-
trol. The microsatellite genomic DNA was detected by
Promega multiplex quantitative PCR. Five single-nucle-
otide sites (BAT-25, BAT-26, Mono-27, NR-21, Nr-24)
and two control sites (PentaC, PentaD) were used as the
reference for MSI analysis. All five stable sites indicated
MSS, one unstable site indicated low-degree microsatel-
lite instability (MSI-L), and two or more unstable sites
indicated high-degree microsatellite instability (MSI-H).
The tissues were also fixed with paraformaldehyde and
embedded in paraffin for section staining. Four MMR
proteins (MLH1, PMS2, MSH2, and MSH6) were stained
by immunohistochemistry. High expression of the four
MMR proteins was considered as MSS. The absence of
expression of any MMR proteins indicates that the tissue
is MSL

Detection of EBV

EBER in situ hybridization was performed according to
the instructions of EBER in situ hybridization kit. The
procedure was as follows: first, 4-pm-thick paraffin-
embedded tissue sections were dewaxed and hydrated by
xylene and gradient alcohol; second, protease digestion;
third, digoxin-labeled EBER probe hybridization; then,
incubation with HRP-labeled anti-digoxin antibody; and
finally, DAB chromogenic. EBV positivity was defined as
20% or more of EBER expression in tumor cells. Staining
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results of all tissue sections were independently inter-
preted by two full-time pathologists.

Detection of KRAS

After total genomic DNA isolation, in vitro amplifica-
tion of codons 12 and 13 of proto-oncogene KRAS was
carried out in a total volume of 25-ul reaction mixture
containing 15-pl amplification mixed with biotin-labeled
primers, 4.5-pl Taq dilution buffer, 2.5-U Taq polymerase,
and 50-100-ng genomic DNA. PCR condition of KRAS
codons 12 and 13 mutations is as follows: initial dena-
turation step of 94 °C for 15 min, followed by 35 cycles
of denaturation at 94 °C for 1 min, annealing at 70 °C for
30 s and 58 °C 50 s, elongation at 72 °C for 1 min, and
a final elongation at 72 °C for 7 min. To detect KRAS
codons 12 and 13 mutations, we modified the artificial
RFLP/PCR approach used by previous investigators [11].

Detection of TP53

PCR single-stranded conformation polymorphism
(PCR-SSCP) was applied to identify the TP53 mutation
in exons 5-8. The PCR products (2 pL) were mixed with
10 pL of gel loading solution (9.5% deionized formamide,
20-mM EDTA-Na, 0.05% xylene cyanol and bromphenol
blue) and then denatured at 95 °C for 5 min. Nondena-
turing 7.5% polyacrylamide gels were used for electro-
phoresis at 260—300 V for 3—12 h, with the temperature
controlled at 22 °C using a temperature controller. The
gels were visualized by silver staining and photographed.
The migrated band was removed from the gel, and the
DNA was extracted. Suspected mutations obtained by
SSCP in the TP53 gene were then confirmed by sequence
analysis.

Statistical analysis

Continuous data are expressed as arithmetic mean and
standard deviation (SD) or median and range. Student’s
two-sided ¢-test was used to compare the means of the
two groups. All categorical data are presented as abso-
lute and relative frequencies and compared to controls
using the chi-square test (Fisher’s exact test, Pearson’s
chi-squared test, or continuity-modified chi-square
test). A p-value<0.05 was defined as significant for all

Table 1 Patient characteristics and EBV distribution
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other statistical tests. Calculations were performed using
GraphPad Prism (version 8.0.1).

Results

Patient characteristics and EBV distribution
Characteristics of all 40 included patients are described
in Table 1. Most of the patients were men (62.5%). Fif-
teen tumors were in the left colon (37.5%) and 25 in the
right colon (62.5%). The age of the BRAF-positive MSI
group (70.67 £8.83) was older than that of the BRAF-
positive MSS group (68.07+10.42) and the BRAF-wild-
type group (66.60+9.38). The expression of EBV in
CRC tissues was detected by EBER in situ hybridization
(Fig. 1A). Five patients were EBV positive (12.5%), and
35 patients were EBV negative (87.5%). However, there
were no significant differences in the EBV distribution
between the different BRAF groups. The results showed
that BRAFV?F mutation was significantly more frequent
in the right CRC (p=0.0237, Fig. 1B, C). Furthermore,
BRAFY%F with MSI CRC was also significantly more fre-
quent in the right colon compared with BRAFY%F with
MSS CRC (p=0.0352, Fig. 1D, E).

BRAF and KRAS mutations in CRC patients

As shown in Table 2, all KRAS in BRAF-positive group
were wild type. There were 10 cases in BRAF-wild-type
group, including 3 wild-type cases and 7 KRAS mutation
cases. The KRAS mutation rate in the BRAF-wild-type
group was significantly higher than that in the BRAF-
positive group (p <0.0001, Fig. 2A, B).

BRAF and TP53 mutations in CRC patients

Most data about TP53 were lost. In BRAF-positive MSI
group, 6 cases had complete data, among which 1 case
was TP53 mutation positive, 3 cases had a minor expres-
sion of TP53 mutation, and 2 cases had no TP53 muta-
tion. In the BRAF-positive MSS group, 3 patients with
complete data were all TP53 mutation positive, and all
located in the right colon. The difference between the left
and right colon was probably related to the excessive lack
of this data in this study. The cases in BRAF-wild-type
group were too fewer and incomplete to perform any
comparative analysis.

Gender Location Age (years) EBV

Male Female Left Right <60 >60 Mean+SD Positive Negative
BRAF+MSI 10 5 1 14 2 13 70.67+£8.83 2 13
BRAF +MSS 8 7 7 8 12 68.07+£10.42 2 13
BRAF (-) 7 3 7 3 2 8 66.60+9.38 1 9
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Fig. 1 A The expression of EBV in CRC tissues was detected by EBER in situ hybridization. Scale bars: 100 um and 50 um. B and C The location
of CRC tumors with or without BRAF mutation. D and E The location of BRAFY®%F with MSI CRC tumors or BRAFY6%F with MSS CRC tumors. *p < 0.05
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Table 2 BRAF and KRAS mutation in CRC patients Table 3 BRAF mutation and TNM in CRC patients
KRAS mutation TNM stage (UICC)
(+) (=) | Il m v
BRAF (+) 0 30 BRAF +MSI 2 1A 2 0
BRAF (-) 7 3 BRAF+MSS 1 2 12 0
BRAF (-) 2 2 3 3

BRAF mutation and TNM stages of CRC patients

Our results shown in Table 3 suggested that the TNM
stages of patients in different groups were signifi-
cantly different (p=0.0002, Fig. 3A, B). Further analysis
revealed that BRAF mutation (p=0.0108, Fig. 3C, D) and
MSI (p=0.0011, Fig. 3E, F) were independent risk factors
of TNM stages.

BRAF mutation and gallstone in CRC patients

As shown in Table 4, the gallstone rate in the CRC
patients (25.0%) and BRAF-positive MSS group (33.3%)
was markedly higher than that in the healthy subjects
(9.3%) (Fig. 4A—C). However, no significant differences
were found between patients in the BRAF-positive MSS
group, BRAF-positive MSI group, and the BRAF-wild-
type group regarding gallstone (p=0.6412). Moreover,
further analysis exhibited that the gallstone rate in the
BRAF mutation group (26.7%) was significantly higher
than that in the healthy subjects (9.3%) (Fig. 4D).

Discussion

BRAF, a member of the Raf kinase family, is a cytosolic
protein kinase and is activated by membrane-bound
RAS. Mutated BRAF activates a signaling pathway, which
causes cell proliferation and inhibits apoptosis. The most
common mutation is a single glutamic acid to valine

substitution at codon 600 causing the V600OE point muta-
tion, and the frequency of BRAF mutation is 11% [12].
The BRAFY®®® mutation in CRC was associated with
advanced TNM stage, poor differentiation, mucinous
histology, MSI, and CIMP. This mutation was also associ-
ated with female gender, older age, proximal colon, and
MLH1 methylation [13]. In BRAF-mutated human CRC
cell lines and tumors, MAFG is bound to the promot-
ers of MLH1 and other CIMP genes and recruits a core-
pressor complex that includes its heterodimeric partner
BACH]I, the chromatin remodeling factor CHDS, and the
DNA methyltransferase DNMT3B, resulting in hyper-
methylation and transcriptional silencing [14].

There are two types of serrated polyps from which
BRAF-mutated cancers originate. The most common one
is the sessile serrated adenoma, which occurs predomi-
nantly in the proximal colon in old women [15]. For some
unknown reason, 25% of them did not have the silenced
MLH1 gene and eventually developed BRAF-mutated
MSS cancer [2]. In this study, it was also found that the
majority of BRAF-mutated CRC was located on the right
side of the colon, whereas BRAF MSS CRC accounted for
half of the left and right sides, probably due to the size
of the samples studied. Although the presence of a BRAF
mutation had no prognostic effect in MSI-H cancer, it
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Fig.2 A, B The KRAS mutation of CRC tumors with or without BRAF mutation. ***P < 0.001
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Fig.3 A, BThe TNM stages of CRC patients in different groups. C, D The TNM stages of CRC patients with or without BRAF mutation. E, F The TNM
stages of BRAFY%F with MSI CRC tumors or BRAFYO%F with MSS CRC patients. *P < 0.05, **P < 0.01, ***P < 0.001
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Table 4 BRAF mutation and gallstone in CRC patients and
healthy subjects

Gallstone

Y N
BRAF +MSI 3 12
BRAF +MSS 5 10
BRAF (-) 2 8
Healthy subjects 5 49

was strongly associated with a poorer prognosis in MSS
cancer [3]. This is consistent with our findings that there
was an association between BRAF MSS bowel cancer
and its late-stage diagnosis. The accumulation of genetic
abnormalities in these cancers also occurs via CIMP, with
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methylation of different gene promoters rather than in
MSI-H cancers, and the silencing of p16 and Wnt path-
way genes has been postulated. Mutation of TP53 is more
common than BRAF-mutated/CIMP-H/MSI-H carci-
nomas [16]. Methylation of MGMT, which codes for a
DNA repair protein, has also been identified and may be
of particular relevance in BRAF mutated/MSS CRC [17].
Although most of TP53 data in this study were incom-
plete, it can be seen that in the BRAF MSS group, all 3
cases with complete data were TP53 positive, and in the
BRAF MSI group, only one of the 6 cases with complete
data was TP53 positive. In addition, KRAS are all wild
type in the BRAF mutant group, which is consistent with
other findings that BRAF and KRAS are mutually exclu-
sive [18]. In the BRAF-wild-type group, 7 out of 10 cases
were KRAS mutants, and 4 of them were located on the
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Fig.4 AThe number of gall-stone subjects in different groups. B The percentage of gall-stone in CRC patients and healthy subjects. C The
percentage of gall-stone in each group. D The percentage of gall-stone in CRC patients with or without BRAF mutation and healthy subjects.

*P<0.05
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right side, indicating that KRAS mutants dominated in
the right colon, which is one of the reasons why advanced
left CRC can benefit from cetuximab and have a better
prognosis than advanced right CRC [19].

Why are there two classes of tumors at this site? Fac-
tors involved in this bifurcation are currently unknown.
Genes that happen to be methylated in colon and other
cell lines not only share distinct functional properties
(cell signaling, cell adhesion, cell-cell communication,
and ion transport) but also have common sequence
motifs in their promoters. This suggests that de novo
methylation is not a random process but occurs through
a specific instructive mechanism [20]. The origins of
the colon from the embryonic midgut and hindgut may
provide an explanation [1]. Several factors may also con-
tribute to the abnormal hypermethylation, such as exog-
enous carcinogens, generation of reactive oxygen species,
and host genetic differences. The level of DNA methyla-
tion is affected by environmental factors. Smoking and
chronic inflammation increase DNA methylation [21,
22]. COMT genes catalyze the methylation of various
endobiotic and xenobiotic substances preventing qui-
nine formation and redox cycling, which might protect
DNA from oxidative damage. A significant association
was found between COMT polymorphism (homozygous
variant) and P16 methylation [23]. Another potential dif-
ference is the impressively increased risk of a positive
family history of colorectal cancer associated with the
BRAF V600E mutation in microsatellite-stable cancers,
suggesting that future exploration of the genetic and/or
environmental factors which relate to this association
may be fruitful [24].

Gastric cancer (GC) is classified as EBV-positive
and MSI-high GC in TCGA [5]. EBVaGC and MSI-GC
encompass similar epigenetic traits, including high
levels of DNA methylation in CpG islands; however,
EBV-positive, and MSI-high GC are mutually exclu-
sive. Sporadic MSI-high GCs are attributable to their
MSI with hypermethylation of the promoter CpG island
locus and the associated inactivation of the MLH1 gene
[25]. All EBV-positive tumors displayed CDKN2A (p16,
INK4A) promoter hypermethylation but lacked the
MLH1 hypermethylation characteristic of MSI-associ-
ated CIMP [5]. The methylation phenotypes of MSS CRC
with BRAFV®F mutation and EBVaGC are highly similar.
Is EBV infection one of the etiologies of MSS CRC with
BRAFY®%E mutation? The role of EBV in the pathogen-
esis of colon lymphoma and other sites such as GC is well
established, but its role in CRC is still unclear [26]. EBV
has been found to be associated with CRC, but not with
CpG island methylation (including MLH1 and P16) [27].
In the tumor stroma, there may be more EBV in tumor-
infiltrating lymphocytes (TILs) than in tumor cells [27].
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Other studies found that only TILs were EBV positive
in CRC samples. Since the design of the analyzed stud-
ies, the sample size, and the methodology used for EBV
detection varied markedly, they may not lead to mean-
ingful conclusions [26]. The current study cannot deter-
mine the effect of EBV on the microsatellite status of
BRAFYF mutant CRC. To this end, we took BRAF Y60
mutant CRC as the research object, with microsatel-
lite status as the grouping standard; EBV gold standard
EBER assay was used to detect EBV products in tissues.
The results suggested that although EBV products were
detected in CRC, they were not correlated with MSI
status.

GD has been proposed to increase the risk of CRC [28].
It is especially noteworthy that many of the risk factors
for GD include factors that are well-established as risk
factors for CRC (obesity, high-energy intake, alcohol con-
sumption, and diabetes) [8]. A high consumption of fat
and meat, typically characteristics of the diet in western
countries, is positively associated with the risk of CRC and
linked to comprehensive shifts in gut microbial co-metab-
olism, including bile acids [29]. This study also found a
high correlation between GD and CRC. Although no sig-
nificant differences were found between patients in the
BRAF-positive MSS group, BRAF-positive MSI group, and
the BRAF-wild-type group regarding GD, the frequency of
GD in CRC reached 25% (10/40), which was higher than
the frequency of GD in the general population. Among
them, MSS CRC with BRAFY®F mutation group had the
highest frequency of GD (33%). A necropsy analysis found
that there was a positive association between gallstones
and CRC in females only, particularly for right-sided CRC
(odds ratio 6.79, 95% CI 1.14—46.46) [30].

Bile acids (BAs), particularly secondary BAs, can cause
oxidative stress, DNA damage, apoptosis, and mutation
and were speculated to be strong carcinogens or promot-
ers of CRC [9, 10]. Downregulation of the farnesoid X
receptor promotes colorectal tumorigenesis by facilitat-
ing enterotoxigenic Bacteroides fragilis colonization [31].
Although the detection of BAs was not performed in this
study, in another study reported by our team, deoxycholic
acid (DCA) level in the bile of patients with GD was sig-
nificantly higher than that of the control group, and the
expression of FXR in the liver was lower than that of the
control group [32]. This is consistent with the findings in
CRC, indirectly indicating a high correlation between GD
and CRC. DCA acts as FXR antagonist under conditions
of genetic instability (e.g., APC loss, B-catenin accumula-
tion), inhibiting FXR function in intestinal epithelial cells
and resulting in enhanced WNT signaling and cell cycle
progression [33].

This study found an association between GD and
BRAFY®®  mutant CRC, although there was no



Tian et al. World Journal of Surgical Oncology ~ (2023) 21:264

significant difference. The relationship, if any, between
BAs and consensus molecular subtypes of CRC remains
to be explored. The concentration of bile salts higher in
the proximal colon and the bile acid profiles was hypoth-
esized to be linked to the increased risk of proximal can-
cer [34]. When exposed a longer time to dietary DCA,
83% of mice developed sessile adenomas in the proximal
colon at 10 months [35]. The changes that occur in the
gut-microbiota-liver axis may be of particular interest to
proximal colon cancer [36, 37].

The primary cause of CIMP remains unclear. Although
they are irrefutably correlated, no mechanistic relation-
ship between CIMP-H and BRAF mutations has been
established [16]. Whether BRAF mutation predisposes
genes to hypermethylation or hypermethylation and
silencing of an unknown gene or gene leads to BRAF
mutation or simply that a synergy exists between BRAF
mutation and DNA methylation is unclear [11]. Con-
sidering the small number of samples in this study, the
relationship between EBV and GD and BRAF mutated
CRC still needs to be confirmed in a large sample study.
However, in patients with gallstone-associated colon
cancer, any association with consensus molecular sub-
types (BRAF mutated) should be explored to identify if
specific pathways are involved [38]. Given the associa-
tion between GD and BRAF mutation in CRC, the role of
environmental factors, especially BAs, in methylation is
also worth studying.

As a preliminary study, we acknowledge that there are
some unavoidable defects in our research. One of the
limitations in this study is the small sample size, which
might limit the universality of the results. This partly
results from the low incidence of CRCs with BRAFY600F
mutation, which accounts for about 10% of CRC patients
[12, 39]. More convincing conclusions have yet to be
confirmed by further validation in a larger sample. We
should not only collect more samples in our hospital but
also collaborate with other hospitals and conduct multi-
center studies.

The mechanisms of two different microsatellite states
in CRCs with BRAFV®%F mutation, a topic that is a
worldwide challenge, are still inconclusive [40]. This is
the purpose of this study, to explore the clue of poten-
tial mechanisms from intestinal environmental factors.
Indeed, we acknowledge that our existing results are far
from revealing the specific mechanisms. In the next step
of future researches, various experimental techniques in
molecular biology are essential. According to our results,
we design to investigate the effect of DCA on BRAFY6F
mutation in CRC cells in vitro and in vivo. However,
EBV was detected in a very low percentage of our BRAF
mutant CRC samples, and there was no difference in
distribution. In our opinion, study of the role of EBV in
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CRCs with BRAFY*F mutation and further RT-PCR or
WB of EBV products is not necessary.

The combination of bioinformatic analysis and biologi-
cal experimental results is the trend of researches in the
last several years. We have found a cancer-promoting
axis in CRC through this way [41]. Rational application
of bioinformatics analysis can help us to screen more
promising research directions. In our future research
program, KEGG database is used to explore the underly-
ing correlation of BRAF mutation with different micro-
satellite states and microsatellite loci, and WB analysis
of samples is applied to verify the results of bioinformat-
ics analysis. As an advanced and powerful technology,
single-cell sequencing is well suited for studies about
molecular signaling pathway mechanisms of cancer [42].
In a recent phase 2 trial, single-cell RNA sequencing was
applied to confirm a potential mechanism underlying the
cooperativity observed between BRAF/MAPK inhibi-
tion and immune response [43]. Nevertheless, there are
few single-cell sequencing studies on mechanisms of two
different microsatellite states in CRCs with BRAF Y0
mutation. In consideration of the cost of single-cell
sequencing, we offer some suggestions for possible future
studies based on our experiences [42]. Before sequenc-
ing, the experimental scheme should be well designed,
for instance, collecting samples from surgical specimens
of BRAFY®E mutation CRC patients with different
microsatellite states or from animal tumor models with
different treatment groups. Furthermore, experienced
bioinformatic analysis technicians contribute to obtain-
ing targeted results, in view of the numerous data gen-
erated after sequencing. Finally, in order to identify the
authenticity of data from bioinformatic analysis in a bio-
logical context, functional validation is an indispensable
step [44].

In conclusion, this study explored the intestinal envi-
ronmental factors among different microsatellite status
in CRC with BRAFY®F mutation. Although the gener-
alizability of some results is limited, on account of the
sample size, we still provide promising directions for
studies in this field. Inspiringly, with the applications of
single-cell sequencing technologies and the combination
of bioinformatic analysis and biological experiments, it is
undoubtedly reasonable to foresee that our understand-
ing about the mechanisms of two different microsatellite
states in CRCs with BRAFY?F mutation will be signifi-
cantly advanced in the future.

Authors’ contributions

Jian Qin and Lin Yuan conceived the project and designed the studies; Binle
Tian and Guiming Chen performed the experiments; Xiaogin Shi and Liren
Jiang collected data for the study; Tao Jiang and Qi Li analyzed the data;
Binle Tian wrote the paper; Jian Qin and Lin Yuan revised the manuscript; All
authors read and approved the final paper.



Tian et al. World Journal of Surgical Oncology ~ (2023) 21:264

Funding

This work was supported by the National Natural Science Foundation of China
(No.81370561; No. 82073214), Outstanding discipline leaders of Shanghai
Municipal Commission of Health and Family Planning (No. 2018BR39), and
Bethune Charitable Foundation.

Availability of data and materials
All data generated or analyzed during this study are included in this published
article and available from the corresponding authors on request.

Declarations

Ethics approval and consent to participate

Human studies were approved by the Medical Experiment Ethics Committee
at Shanghai General Hospital affiliated to Shanghai Jiao Tong University in
accordance with the Declaration of Helsinki. Written informed consent was
obtained from all individual participants included in the study.

Consent for publication
All authors have given consent to the publication of this study.

Competing interests
The authors declare no competing interests.

Received: 23 April 2023 Accepted: 12 July 2023
Published online: 25 August 2023

References

1. Cancer Genome Atlas N. Comprehensive molecular characterization of
human colon and rectal cancer. Nature. 2012;487(7407):330-7. https://
doi.org/10.1038/nature11252.

2. Chirieac LR, Shen L, Catalano PJ, Issa JP, Hamilton SR. Phenotype of
microsatellite-stable colorectal carcinomas with CpG island methylation.
Am J Surg Pathol. 2005;29(4):429-36. https://doi.org/10.1097/01.pas.
0000155144.53047.7d.

3. Blaker H, Alwers E, Arnold A, Herpel E, Tagscherer KE, Roth W, et al. The
association between mutations in BRAF and colorectal cancer-specific
survival depends on microsatellite status and tumor stage. Clin Gastroen-

terol Hepatol. 2019;17(3):455-62 e6. https://doi.org/10.1016/j.cgh.2018.04.

015.

4. Fennell LJ, Jamieson S, McKeone D, Corish T, Rohdmann M, Furner T,
et al. MLH1-93 G/a polymorphism is associated with MLH1 promoter
methylation and protein loss in dysplastic sessile serrated adenomas with
BRAF(V600E) mutation. BMC Cancer. 2018;18(1):35. https://doi.org/10.
1186/512885-017-3946-5.

5. Cancer Genome Atlas Research N. Comprehensive molecular characteri-
zation of gastric adenocarcinoma. Nature. 2014;513(7517):202-9. https://
doi.org/10.1038/nature13480.

6. Geddert H, Zur Hausen A, Gabbert HE, Sarbia M. EBV-infection in cardiac
and non-cardiac gastric adenocarcinomas is associated with promoter
methylation of p16, p14 and APC, but not hMLH1. Anal Cell Pathol
(Amst). 2010;33(3):143-9. https://doi.org/10.3233/ACP-CLO-2010-0540.

7. Rickinson AB. Co-infections, inflammation and oncogenesis: future direc-
tions for EBV research. Semin Cancer Biol. 2014;26:99-115. https://doi.
org/10.1016/j.semcancer.2014.04.004.

8. Wang F,Wang J, LiY,Yuan J, Yao P, Wei S, et al. Gallstone disease and
type 2 diabetes risk: a Mendelian randomization study. Hepatology.
2019;70(2):610-20. https://doi.org/10.1002/hep.30403.

9. Jansen PL. Endogenous bile acids as carcinogens. J Hepatol.
2007:47(3):434-5. https://doi.org/10.1016/jjhep.2007.06.001.

10. Ocvirk S, O'Keefe SJ. Influence of bile acids on colorectal cancer risk:
potential mechanisms mediated by diet - gut microbiota interac-
tions. Curr Nutr Rep. 2017;6(4):315-22. https://doi.org/10.1007/
$13668-017-0219-5.

11. Nagasaka T, Sasamoto H, Notohara K, Cullings HM, Takeda M, Kimura
K, et al. Colorectal cancer with mutation in BRAF, KRAS, and wild-type
with respect to both oncogenes showing different patterns of DNA

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

Page 10 of 11

methylation. J Clin Oncol. 2004;22(22):4584-94. https://doi.org/10.1200/
JCO.2004.02.154.

Van Cutsem E, Kohne CH, Lang |, Folprecht G, Nowacki MP, Cascinu S,

et al. Cetuximab plus irinotecan, fluorouracil, and leucovorin as first-line
treatment for metastatic colorectal cancer: updated analysis of overall
survival according to tumor KRAS and BRAF mutation status. J Clin Oncol.
2011;29(15):2011-9. https://doi.org/10.1200/JC0O.2010.33.5091.

Chen D, Huang JF, Liu K, Zhang LQ, Yang Z, Chuai ZR, et al. BRAFV600E
mutation and its association with clinicopathological features of
colorectal cancer: a systematic review and meta-analysis. PLoS One.
2014;9(3):290607. https://doi.org/10.1371/journal.pone.0090607.

Fang M, Ou J, Hutchinson L, Green MR. The BRAF oncoprotein functions
through the transcriptional repressor MAFG to mediate the CpG island
methylator phenotype. Mol Cell. 2014;55(6):904-15. https://doi.org/10.
1016/j.molcel.2014.08.010.

Bettington M, Walker N, Rosty C, Brown |, Clouston A, McKeone D, et al.
Clinicopathological and molecular features of sessile serrated adenomas
with dysplasia or carcinoma. Gut. 2017;66(1):97-106. https://doi.org/10.
1136/gutjnl-2015-310456.

Bettington M, Walker N, Clouston A, Brown |, Leggett B, Whitehall V. The
serrated pathway to colorectal carcinoma: current concepts and chal-
lenges. Histopathology. 2013;62(3):367-86. https://doi.org/10.1111/his.
12055.

Ogino S, Kawasaki T, Kirkner GJ, Suemoto Y, Meyerhardt JA, Fuchs CS.
Molecular correlates with MGMT promoter methylation and silencing
support CpG island methylator phenotype-low (CIMP-low) in colorectal
cancer. Gut. 2007;56(11):1564-71. https://doi.org/10.1136/gut.2007.
119750.

Deng G, Bell |, Crawley S, Gum J, Terdiman JP, Allen BA, et al. BRAF muta-
tion is frequently present in sporadic colorectal cancer with methylated
hMLH1, but not in hereditary nonpolyposis colorectal cancer. Clin Cancer
Res. 2004;10(1 Pt 1):191-5. https://doi.org/10.1158/1078-0432.ccr-1118-3.
Takahashi Y, Sugai T, Habano W, Ishida K, Eizuka M, Otsuka K, et al. Molecu-
lar differences in the microsatellite stable phenotype between left-sided
and right-sided colorectal cancer. Int J Cancer. 2016;139(11):2493-501.
https://doi.org/10.1002/ijc.30377.

Jass JR. Classification of colorectal cancer based on correlation of clinical,
morphological and molecular features. Histopathology. 2007;50(1):113—
30. https://doi.org/10.1111/j.1365-2559.2006.02549.x.

Castells A, Castellvi-Bel S, Balaguer F. Concepts in familial colorectal
cancer: where do we stand and what is the future? Gastroenterology.
2009;137(2):404-9. https://doi.org/10.1053/j.gastro.2009.06.015.

Usui G, Matsusaka K, Mano Y, Urabe M, Funata S, Fukayama M, et al.

DNA methylation and genetic aberrations in gastric cancer. Digestion.
2021;102(1):25-32. https://doi.org/10.1159/000511243.

Wani HA, Majid S, Bhat AA, Amin S, Farooq R, Bhat SA, et al. Impact of
catechol-O-methyltransferase gene variants on methylation status of P16
and MGMT genes and their downregulation in colorectal cancer. Eur J Can-
cer Prev. 2019;28(2):68-75. https://doi.org/10.1097/CEJ.0000000000000485.
Samowitz WS, Sweeney C, Herrick J, Albertsen H, Levin TR, Murtaugh

MA, et al. Poor survival associated with the BRAF V600E mutation in
microsatellite-stable colon cancers. Cancer Res. 2005:65(14):6063-9.
https://doi.org/10.1158/0008-5472.CAN-05-0404.

Kim'Y, Shin YJ, Wen X, Cho NY, Li M, Kim YJ, et al. Alteration in stemness
causes exclusivity between Epstein-Barr virus-positivity and microsatel-
lite instability status in gastric cancer. Gastric Cancer. 2021;24(3):602-10.
https://doi.org/10.1007/510120-020-01146-5.

Bedri S, Sultan AA, Alkhalaf M, Al Moustafa AE, Vranic S. Epstein-Barr virus
(EBV) status in colorectal cancer: a mini review. Hum Vaccin Immunother.
2019;15(3):603-10. https://doi.org/10.1080/21645515.2018.1543525.
Karpinski P, Myszka A, Ramsey D, Kielan W, Sasiadek MM. Detection of viral
DNA sequences in sporadic colorectal cancers in relation to CpG island
methylation and methylator phenotype. Tumour Biol. 2011;32(4):653-9.
https://doi.org/10.1007/513277-011-0165-6.

Chen YK, Yeh JH, Lin CL, Peng CL, Sung FC, Hwang IM, et al. Cancer risk

in patients with cholelithiasis and after cholecystectomy: a nationwide
cohort study. J Gastroenterol. 2014;49(5):923-31. https://doi.org/10.1007/
500535-013-0846-6.

O'Keefe SJ, Li JV, Lahti L, Ou J, Carbonero F, Mohammed K, et al. Fat, fibre
and cancer risk in African Americans and rural Africans. Nat Commun.
2015;6:6342. https://doi.org/10.1038/ncomms7342.


https://doi.org/10.1038/nature11252
https://doi.org/10.1038/nature11252
https://doi.org/10.1097/01.pas.0000155144.53047.7d
https://doi.org/10.1097/01.pas.0000155144.53047.7d
https://doi.org/10.1016/j.cgh.2018.04.015
https://doi.org/10.1016/j.cgh.2018.04.015
https://doi.org/10.1186/s12885-017-3946-5
https://doi.org/10.1186/s12885-017-3946-5
https://doi.org/10.1038/nature13480
https://doi.org/10.1038/nature13480
https://doi.org/10.3233/ACP-CLO-2010-0540
https://doi.org/10.1016/j.semcancer.2014.04.004
https://doi.org/10.1016/j.semcancer.2014.04.004
https://doi.org/10.1002/hep.30403
https://doi.org/10.1016/j.jhep.2007.06.001
https://doi.org/10.1007/s13668-017-0219-5
https://doi.org/10.1007/s13668-017-0219-5
https://doi.org/10.1200/JCO.2004.02.154
https://doi.org/10.1200/JCO.2004.02.154
https://doi.org/10.1200/JCO.2010.33.5091
https://doi.org/10.1371/journal.pone.0090607
https://doi.org/10.1016/j.molcel.2014.08.010
https://doi.org/10.1016/j.molcel.2014.08.010
https://doi.org/10.1136/gutjnl-2015-310456
https://doi.org/10.1136/gutjnl-2015-310456
https://doi.org/10.1111/his.12055
https://doi.org/10.1111/his.12055
https://doi.org/10.1136/gut.2007.119750
https://doi.org/10.1136/gut.2007.119750
https://doi.org/10.1158/1078-0432.ccr-1118-3
https://doi.org/10.1002/ijc.30377
https://doi.org/10.1111/j.1365-2559.2006.02549.x
https://doi.org/10.1053/j.gastro.2009.06.015
https://doi.org/10.1159/000511243
https://doi.org/10.1097/CEJ.0000000000000485
https://doi.org/10.1158/0008-5472.CAN-05-0404
https://doi.org/10.1007/s10120-020-01146-5
https://doi.org/10.1080/21645515.2018.1543525
https://doi.org/10.1007/s13277-011-0165-6
https://doi.org/10.1007/s00535-013-0846-6
https://doi.org/10.1007/s00535-013-0846-6
https://doi.org/10.1038/ncomms7342

Tian et al. World Journal of Surgical Oncology

30.

31.

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

(2023) 21:264

McFarlane MJ, Welch KE. Gallstones, cholecystectomy, and colorectal
cancer. Am J Gastroenterol. 1993:88(12):1994-9.

Guo S, Peng Y, Lou Y, Cao L, Liu J, Lin N, et al. Downregulation of the
farnesoid X receptor promotes colorectal tumorigenesis by facilitat-

ing enterotoxigenic Bacteroides fragilis colonization. Pharmacol Res.
2022;177:106101. https://doi.org/10.1016/j.phrs.2022.106101.

Cai J,Wang Z, Chen G, Li D, Liu J, Hu H, et al. Reabsorption of bile acids
regulated by FXR-OATP1A2 is the main factor for the formation of choles-
terol gallstone. Am J Physiol Gastrointest Liver Physiol. 2020;319(3):G303—
8. https://doi.org/10.1152/ajpgi.00385.2019.

Ocvirk S, O'Keefe SID. Dietary fat, bile acid metabolism and colorectal
cancer. Semin Cancer Biol. 2021;73:347-55. https://doi.org/10.1016/j.
semcancer.2020.10.003.

Gervaz P, Bucher P Morel P. Two colons-two cancers: paradigm shift and
clinical implications. J Surg Oncol. 2004;88(4):261-6. https://doi.org/10.
1002/j50.20156.

Payne CM, Holubec H, Bhattacharyya AK, Bernstein C, Bernstein H.
Exposure of mouse colon to dietary bile acid supplement induces sessile
adenomas. Inflamm Bowel Dis. 2010;16(5):729-30. https://doi.org/10.
1002/ibd.21079.

Dejea CM, Wick EC, Hechenbleikner EM, White JR, Mark Welch JL, Rossetti
BJ, et al. Microbiota organization is a distinct feature of proximal colorec-
tal cancers. Proc Natl Acad Sci U S A. 2014;111(51):18321-6. https://doi.
0rg/10.1073/pnas.1406199111.

Cao H, Xu M, Dong W, Deng B, Wang S, Zhang Y, et al. Secondary bile
acid-induced dysbiosis promotes intestinal carcinogenesis. Int J Cancer.
2017;140(11):2545-56. https://doi.org/10.1002/ijc.30643.

Soreide K. Gallstone disease and cancer risk: finding the bug in the
system. Gastroenterology. 2017;152(8):1825-8. https://doi.org/10.1053/j.
gastro.2017.04.028.

Tie J, Gibbs P, Lipton L, Christie M, Jorissen RN, Burgess AW, et al.
Optimizing targeted therapeutic development: analysis of a colorectal
cancer patient population with the BRAF(V600E) mutation. Int J Cancer.
2011;128(9):2075-84. https://doi.org/10.1002/ijc.25555.

Yamamoto H, Imai K. Microsatellite instability: an update. Arch Toxicol.
2015;89(6):899-921. https://doi.org/10.1007/500204-015-1474-0.

Tian B, Zhou J, Chen G, Jiang T, Li Q Qin J. Downregulation of ZNF280A
inhibits proliferation and tumorigenicity of colorectal cancer cells by
promoting the ubiquitination and degradation of RPS14. Front Oncol.
2022;12:906281. https://doi.org/10.3389/fonc.2022.906281.

Tian B, Li Q. Single-cell sequencing and its applications in liver cancer.
Front Oncol. 2022;12:857037. https://doi.org/10.3389/fonc.2022.857037.
Tian J, Chen JH, Chao SX, Pelka K, Giannakis M, Hess J, et al. Combined
PD-1, BRAF and MEK inhibition in BRAF(V600E) colorectal cancer: a
phase 2 trial. Nat Med. 2023;29(2):458-66. https://doi.org/10.1038/
$41591-022-02181-8.

Olsen TK, Baryawno N. Introduction to single-cell RNA sequencing. Curr
Protoc Mol Biol. 2018;122(1):e57. https://doi.org/10.1002/cpmb.57.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1016/j.phrs.2022.106101
https://doi.org/10.1152/ajpgi.00385.2019
https://doi.org/10.1016/j.semcancer.2020.10.003
https://doi.org/10.1016/j.semcancer.2020.10.003
https://doi.org/10.1002/jso.20156
https://doi.org/10.1002/jso.20156
https://doi.org/10.1002/ibd.21079
https://doi.org/10.1002/ibd.21079
https://doi.org/10.1073/pnas.1406199111
https://doi.org/10.1073/pnas.1406199111
https://doi.org/10.1002/ijc.30643
https://doi.org/10.1053/j.gastro.2017.04.028
https://doi.org/10.1053/j.gastro.2017.04.028
https://doi.org/10.1002/ijc.25555
https://doi.org/10.1007/s00204-015-1474-0
https://doi.org/10.3389/fonc.2022.906281
https://doi.org/10.3389/fonc.2022.857037
https://doi.org/10.1038/s41591-022-02181-8
https://doi.org/10.1038/s41591-022-02181-8
https://doi.org/10.1002/cpmb.57

	Preliminary exploration of the effects of environmental factors on the microsatellite status of BRAF-mutated colorectal cancer
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Patient selection and patient characteristics
	Detection of BRAFV600E mutation
	Determination of MSI
	Detection of EBV
	Detection of KRAS
	Detection of TP53
	Statistical analysis

	Results
	Patient characteristics and EBV distribution
	BRAF and KRAS mutations in CRC patients
	BRAF and TP53 mutations in CRC patients
	BRAF mutation and TNM stages of CRC patients
	BRAF mutation and gallstone in CRC patients

	Discussion
	References


