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Abstract

Many studies of colorectal cancer and gut microbiota have been reported since Fusobacterium nucleatum (F. nucleatum) was reported to be involved in carcinogenesis
and cancer development. The reports range from inflammation to carcinogenesis / development, avoidance from the immune system, effects on oncogenes / tumor
suppressor genes, cell growth promotion, and tumor cell adhesion. There is a report suggesting that F nucleatum is involved in the development of cancer, which is a
poor prognosis due to large amounts of bacteria as the stage progression. In addition, £ nucleatum has been reported to be associated with CIMP-high, microsatellite
instability and MLH1 hypermethylation. This is a report suggesting that F nucleatum may be involved not only in the carcinogenic pathway from adenomas but
also in the carcinogenic pathway from serrated adenomas. In addition, £ nucleatum is an indigenous bacterium in the oral cavity and is also a causative bacterium of
periodontal disease, but there is a report that the strains of colorectal cancer and F. nucleatum in the oral cavity are the same, and its carcinogenic mechanism is drawing
attention. In this review, I will outline the relationship between colorectal carcinogenesis and colorectal cancer development and F nucleatum, and also address the

issues.

Introduction

The first full-scale report on the relationship between colorectal
cancer and gut microbiota was reported by Moore WE, et al. In 1995
[1]. They analyzed the intestinal flora of patients with colorectal polyps,
those with a habit of eating Western food, and those who did not, and
reported 15 species of gut microbiota as colorectal cancer risk bacteria.

Since 2010, there have been many reports on the relationship
between Fusobacterium nucleatum (F. nucleatum) and colorectal cancer.
Individually, among the intestinal bacteria thought to be associated
with the development of colorectal cancer, we will outline E nucleatum
in particular, and how E nucleatum is involved in carcinogenesis
and cancer development. It also touches on molecular biological
mechanisms and oral bacteria and describes future issues for colorectal
cancer research (and prevention of colorectal cancer).

Relationship between intestinal bacteria and colorectal cancer

Although F nucleatum is known as a periodontal disease bacterium
[2], large amounts of E nucleatum were detected in colorectal cancer
specimens by the qPCR method, and its association with lymph node
metastasis was also reported [3]. It has also been reported that the
diversity of gut microbiota in colorectal cancer tissues was smaller than
that of normal mucosal tissues distant from cancer tissues [4]. Gao Z,
et al. have a high occupancy rate of Firmicutes phylum in colorectal
cancer tissue, but Proteobacteria phylum is predominant in normal
mucosal tissue, and at the genus level, Lactococcus and Fusobacterium
occupancy rate is high in colorectal cancer tissue, and Pseudomonas and
Escherichia-Shigella has been reported to have a lower occupancy rate
than healthy human mucosal tissue [5]. In addition, there are two main
colon carcinogenic pathways, the classical pathway and the serrated
pathway, but in the former adenoma, the diversity of intestinal bacteria
(a-Diversity) decreased, the latter serrated lesions were not diverse, and
differences in gut microbiota changes due to carcinogenic pathways
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have been reported [6]. Thus, colorectal cancer is strongly influenced
by intestinal bacteria. In particular, E nucleatum has been detected in
colorectal cancer tissues and feces of colorectal cancer patients with
reproducibility by the PCR method, and many reports have been made
on its relationship with colorectal cancer.

Colorectal carcinogenesis and development of colorectal
cancer due to F. nucleatum

It has been reported that FadA and Fap2 expressed in F. nucleatum
are involved as the mechanism for colorectal carcinogenesis and
colorectal cancer development in E nucleatum. To outline these
reports, FadA attaches to cells via the cell adhesion factor E-cadherin,
invades cells, activates B catenin signals, and expresses Wnt genes,
transcription factors, inflammation-related genes and oncogenes.
Fap2 suppresses tumor immunity by lymphocytes and overexpresses
sugar chains (D-galactose-p (1-3) -N-acetyl-D-galactosamine:
NGal-GalNAc) in colorectal cancer tissues is recognized by Fap2,
invades cells through it, and suppresses the expression of the tumor
suppressor gene (RASAI) through the expression of miRNA21, which
is involved in the development of colorectal cancer. In addition, as a
report of the mechanism involved in colon carcinogenesis, TLR4 is
expressed on the cell membrane and intracellular B-catenin against
LPS (lipopolysaccharide), which is a bacterial cell component of E
nucleatum, due to E nucleatum infection. There is a report describing
the carcinogenesis cascade mediated by activation of P-catenin, in
which B-catenin activity is described to occur via p21-activated kinase
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(PAK) (TLR4 / P-PALI cascade) [7]. In a report describing tumor
growth mediated by FadA and E-cadherin, FadA is not capable of
growing normal cells without gene mutation [8]. However, it is a well-
known fact that some normal cells are accompanied by gene mutations.
Furthermore, the expression of E-cadherin is also expressed in tissues
other than cancer, and its expression level is not constant even in cancer
and adenoma [9]. From these facts, there is a theory that disagrees with
F. nucleatum of tumor growth mediated by FadA and E-cadherin. In
addition, many E nucleatum are found not only in the cancerous part of
the large intestine but also in the normal colon mucosa and feces [10-
11], and all the tissues in which F. nucleatum is found do not become
cancerous. Similar to the above-mentioned FadA, E-cadherin-mediated
tumor growth theory, the TLR4 / P-PAKI1 cascade carcinogenesis
theory is not absolute, and the details of the mechanism of E nucleatum
colon carcinogenesis have not been clarified. The above is the current
situation.

On the other hand, an inflammation is deeply involved in colorectal
carcinogenesis, and F nucleatum may be involved in colorectal
carcinogenesis by inducing inflammation. As a supporting report, FadA
has been reported to have an inflammatory effect [12], and even though
E nucleatum infecting colorectal cancer model mice does not cause
enteritis, COX-2 IL-6, and TNF-a is enhanced compared with the non-
infected model [13]. It has also been reported that in a mouse model of
colorectal cancer infected with E nucleatum, tumor growth was rapid
and blood cytokines were also elevated. In this report, it is stated that
the microRNA that causes inflammation of the large intestine and is
involved in carcinogenesis is miR21 [14]. Furthermore, it was stated
that inhibition of miR21 in F nucleatum-infected colorectal cancer
model mice suppresses tumor growth, and that miR21a knockout mice
are involved in cancer growth because the number and size of tumors
are small and the survival time is long. In addition, the target of miR21 is
the tumor suppressor gene RASAI, and it is said that miR21 is involved
in tumor growth by suppressing the expression of RASAI [15]. It is also
stated that the detected amount of F. nucleatum and the expression level
of miR21 correlate with each other in humans.

Next, the avoidance of F nucleatum infection from the immune
system will be described. This is an important mechanism involved
in the development of colorectal cancer. It has been reported that the
number of lymphocytes in E nucleatum-infected colorectal cancer
tissue decreases according to the amount of E nucleatum detected
[16]. If there are many T cells in the cancer tissue, the T cells attack
the cancer cells, suppress the development of the cancer, and have a
positive effect on the prognosis of life. It suppresses T cell migration
and adversely affects the prognosis of life. Although details of T cell
migration have not been clarified, there is the report which describing
the possibility of promoting apoptosis and suppressing T cell migration
and Dap2 in T cells including NK cells [17]. It has been also reported
that binding to the expressed TIGT (Tell immunoglobulin and ITIM
domain) suppresses the cytotoxic effect of NK cells on tumors (ITIM:
immunodominant tyrosine-based inhibitory motifs) [18]. Avoidance
from the immune system has also been reported in mouse models of
colorectal cancer [14]. The report states that infection of colorectal
cancer model mice with F. nucleatum increases intestinal bone marrow-
derived immunosuppressive cells (MDSCs). MDSCs, along with
regulatory T cells (Tregs), are cells which suppress excessive immune
responses.

As mentioned above, it is thought that E nucleatum infection
prevents the accumulation of T cells, NK cells, dendritic cells which
accumulate in the tumor to attack the tumor, and the colorectal cancer
developments.
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F. nucleatum and colorectal cancer in feces and tissues

Both the digital PCR method and the conventional PCR method
have reported that the prognosis for life is poor in proportion to the
amount of DNA in F. nucleatum in colorectal cancer tissue [11,19].
In Germany, Czech Republic, and Ireland, it has been reported that
the prognosis of colorectal cancer is poor in cases with high DNA
of E nucleatum in feces [20] Yachida, et al. reported an increase in
E nucleatum as the depth of invasion of colorectal cancer increased.
In addition, it has been reported that Atopobium paruulum and
Actinomyces odontolyticus increase at the stage of carcinogenesis and
decrease as they develop, which may play a role in the mechanism of
carcinogenesis [21].

On the other hand, E nucleatum in feces of patients with colorectal
cancer, patients with high-grade adenoma, patients with low-grade
adenoma and healthy subjects were analyzed by PCR method, and a
large amount was detected in colorectal cancer patients, but the others
were the same as those of healthy subjects. Therefore, some groups
have reported that F nucleatum may be involved in the development
of colorectal cancer rather than its involvement in carcinogenesis [22].
There is also a report that it was detected in large amounts in patients
with colorectal cancer and high-grade adenoma, but not significantly
increased in villous adenoma and low-grade adenoma [20].
Summarizing these reports, the role of E nucleatum in carcinogenesis
may be limited. The microbial flora of feces and colon tissue is different.
Large amounts of E. nucleatum in feces does not necessarily mean large
amounts of E nucleatum in tissues [20]. Considering the specificity
with the disease, it is considered that the microbial flora of the large
intestine mucosal tissue, which reflects the host factors, is involved
in the pathology [23]. Detection of E nucleatum in feces is relatively
homeostatic and abundant in patients with colorectal cancer [24].
Because of these reasons, there is an opinion that the amount of E
nucleatum detected in feces should be used for the screening method
for colorectal cancer, but there are many problems that must be solved
in order to establish the evaluation as a biomarker in the future.

Serrated adenoma / polyp (SSA / P) and F. nucleatum

I describe the carcinogenic mechanism and gene mutation of
Fusobacterium nucleatum-induced serrated adenoma / polyp (SSA/P),
and the problems that need to be elucidated in the future. I have already
reported on these matters [25].

The carcinogenic pathways of colorectal cancer include the classical
pathway in which adenoma grows to colorectal cancer and the serrated
pathway in which colorectal cancer grows from serrated adenoma. In
the former adenoma, the diversity of gut flora (a-diversity) is reduced,
but not in SSA/P, and there is a difference in the change of gut flora
depending on the carcinogenic route [6]. The serrated pathway is a
concept recently proposed by Torlakovic, et al. [26]. Sessile serrated
adenoma / polyp (SSA/P) predominates in the right-side colon [27]
and SSA/P is caused by mutations in the BRAF gene. In SSA/P, DNA
methylation is observed genome-wide, and pl6 and IGFBP7 are
methylated to shift cells from the resting phase to the proliferative
phase [28]. In addition, the methylation of the mismatch repair gene
MLH1 suppresses MLH1 protein expression, causing microsatellite
instability (MSI), resulting in atypia from SSA/P. Tumors caused by
this atypia are called SSA/P with cytological dysplasia [29], and this
concept was also proposed at WHO in 2010. The initial SSA/P lesion,
which is the origin of colorectal cancer, has a flat, white-like color tone,
is difficult to distinguish endoscopically from normal mucosa, and is
often overlooked. Inaccurate endoscopic observations of SSA/P miss
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the detection of early-stage colorectal carcinoma [30]. The accurately
diagnose SSA/P endoscopically is a future clinical issue for colorectal
cancer. We have great expectations for endoscopic image analysis
systems that have made remarkable progress in recent years.

E nucleatum is known to induce gene mutations. In F. nucleatum-
infected colonic mucosal tissue, CpG island methylator phenotype-
high (CIMP-high), MSI positive, and MLHI hypermethylation are
observed. In addition, there is an interesting report that SSA/P is more
likely to be Fusobacterium genus-positive as the site of origin goes from
the sigmoid colon to the ascending colon to the cecum to the oral-side
deep colon [12]. This is not seen in classical colorectal carcinogenesis
pathway. Large amounts of F. nucleatum have also been reported to be
associated with MSI-high, MLH1 hypermethylated CIMP-high, and
BRAF mutations [19]. These reports are very interesting. In addition,
it has been reported that tumor immunity may be evaded in MSI-
high colorectal cancer [31]. However, not all mucosal tissues infected
with F nucleatum and high in MSI become cancerous and multiply,
and undiscovered factors and events that cause carcinogenesis may be
hidden, and details of carcinogenesis are still unclear. We would like to
pay attention to future research on the details of gene mutations caused
by E nucleatum, SSA/P carcinogenesis and BRAF gene mutations.

Oral bacteria and colorectal cancer

It has been reported that the same strain of E nucleatum was
detected in 40% or more of patients by comparing the saliva of patients
with colorectal cancer and the strains of colorectal cancer tissue by
arbitrarily primed PCR [32]. This report indicates that E nucleatum in
colorectal cancer may be derived from F nucleatum in the oral cavity.
However, by the time saliva F. nucleatum reaches the large intestine, it
must pass through the stomach in an acidic environment and the small
intestine, which is rich in bile acids. This raises the question of whether
E nucleatum really survives through the stomach and small intestine
until it reaches the large intestine. There are reports that answer this
question. It is reported that when E nucleatum was intravenously
injected into a mouse model of colorectal cancer, a large amount of
E nucleatum was detected in colorectal cancer tissue [33]. This report
shows that F nucleatum migrates to hematogenously and colonizes
colon tissue. Furthermore, it has been reported that bloodstream
disease occurs in the pathophysiology of periodontal disease in which
E nucleatum increases [34]. From the above reports, it is considered
that oral E nucleatum may reach the large intestine tissue through the
bloodstream. However, the mechanism of how a trace amount of F.
nucleatum in the blood proliferates after reaching the large intestine
tissue has not been clarified.

F. nucleatum and autophagy

Normally, it is known that when stress is applied to cells, autophagy
is promoted, and apoptosis escapes due to survival. F nucleatum-
positive cases are often found in cases of colorectal cancer recurrence,
chemotherapy resistance, and short time to recurrence. The reason for
this is that some groups have reported that F nucleatum may promote
autophagy and suppress apoptosis [35]. They report in vitro that the
autophagy-promoting effect of F. nucleatum surpasses apoptosis. There
is an interesting report describing the autophagy of F. nucleatum.

Conclusions and future tasks

I have summarized and outlined the research articles on the
relationship between E nucleatum, colorectal carcinogenesis and
colorectal cancer development which have been reported so far.
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The pathophysiology of F nucleatum and colorectal cancer is very
complex. Many related research articles have been reported, some of
which are negative about the involvement of . nucleatum in colorectal
carcinogenesis. The involvement of E nucleatum in colorectal
carcinogenesis remains unsolved and requires further analysis. On
the other hand, the report on the involvement of E nucleatum in the
progression of colorectal cancer is convincing. The representative are
reports on immune avoidance. It is unclear whether the immune evasive
action of F nucleatum is due to F nucleatum itself or synergistically
with gene mutations such as MSI, but it greatly contributes to the
development of colorectal cancer. In addition, suppression of apoptosis
by E nucleatum autophagy is also a factor involved in the development
of colorectal cancer. Elucidation of the more detailed mechanism for the
relationship between E nucleatum and the development of colorectal
cancer is awaited.

F. nucleatum has been reported to be involved not only in colorectal
cancer but also in esophageal cancer and pancreatic cancer [36].
We hope that the pathophysiology of E nucleatum infection will be
elucidated with the advent of new findings in the future.
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