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Dynamics of the gut microbiome community structure in colorectal
carcinogenesis
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@ Multi-step colorectal carcinogenesis and gut microbiota

In Japan, the mortality rate from colorectal cancer (CRC) has increased significantly over the
past 30 years, and in 2014, CRC surpassed gastric cancer to become the most prevalent cancer type
in Japan'. Japan is one of the countries with the highest CRC incidences in the world. Westernized
dietary habits are considered to be one of the causal factors, but the underlying mechanism has
not been clarified®**. Most sporadic CRCs develop from polypoid adenomas and are preceded by
intramucosal carcinoma, which can progress into malignant forms”®, This developmental process is
known as the adenoma-carcinoma sequence.

Roughly 40 trillion bacteria are estimated to inhabit the human body’, and disturbances of
intestinal bacteria are related to various diseases, such as inflammatory bowel disease”. In sporadic
cancer cases, Fusobacterium nucleatum, a periodontal pathogen, was reported to be associated
with non-colitis-associated CRC among cases of sporadic CRC’. The underlying mechanisms were
studied in mouse models and human cell lines. Later, with the advent of next-generation sequencing
technologies that produce large amounts of metagenome data, more CRC-associated gut bacteria
were identified”’. Additionally, some gut bacterial products such as deoxycholic acid and colibactin
have been known to be genotoxyc'*

However, it has not been fully elucidated whether changes in the intestinal microbiota are a cause
or a result of carcinogenesis, or whether the microbiota contributes to cancer progression. Current
knowledge on the potential links between diet and intestinal residues as a trophic resource for the
gut microbiota and carcinogenesis is only fragmental. To address this issue, we established a large
human cohort study in Japan, in which we collected fecal samples and a food frequency questionnaire
from the same subjects and conducted multi-omics analyses to comprehensively study dietary
habits and metagenome and metabolome data in relation to CRC". Here we introduce some of the

knowledge we obtained from our study.

@ The intestinal microbiota and its involvement in colorectal cancer in a Japanese

population

Large cohort studies have identified several bacteria and their metabolites that
are assoclated with CRC, mostly in stage I-IV cases; however very limited data are
available for intramucosal carcinoma (stage 0), the very early stage of CRC. In order
to address these challenges, we have established a large Japanese cohort, where we
collected fecal samples from 631 participants, including patients with multiple polypoid
adenomas, intramucosal carcinoma (stage 0), stages I-1V, and healthy controls,



undergoing colonoscopy check at the National Cancer Center Hospital, Tokyo, Japan'.
From 28 of these patients in stages I-1II, fecal samples were collected before and after
surgical tumor resection. In addition, data on lifestyle were obtained from a detailed
questionnaire which includes questions on food frequency as well as known CRC risk
factors (age, sex, smoking habits, and alcohol consumption). Firstly, we found that F.
nucleatum abundance was significantly elevated continuously from stage 0 to more
advanced stages. This suggests that F. nucleatum contributes in the very early stage of
the adenoma-carcinoma sequence, which was in line with the above-mentioned findings
in mouse models and human cell lines. On the other hand, P. anaerobius, P. stomatis,
and P. micra were predominantly enriched in stage I/II and stage III/IV, and their
abundances decreased after tumor resection, which implies that these species might not
cause carcinogenesis, but are adapted to the cancerous environment. Secondly, we found
that Atopobium parvulum and Actinomyces odontolyticus, whose relative abundances
were higher than those of other CRC-associated bacteria, were significantly increased
in multiple polypoid adenomas and/or in stage 0, but were not increased as significantly
in more advanced stages. Thirdly, butyrate producers (i.e., Lachnospira multipara
and Eubacterium eligens) and Bifidobacterium longum were depleted in several CRC
stages.

A metabolome analysis in our Japanese cohort study displayed higher concentrations
of DCA In the feces of patients with multiple polypoid adenomas. The findings in the
above-mentioned studies and ours support that DCA might be involved in very early
carcinogenesis. DCA 1s a secondary bile acid produced by a specific group of gut
bacteria. Primary bile acids are generated from cholesterol in the liver and secreted
into the intestine. A number of animal studies in the past few decades have shown the
carcinogenic effect of DCA in gastroenterological organs. It is of great importance that
this was also verified by in human feces.

Previous findings have revealed that intestinal bacteria are involved in the development
and progression of CRC through various mechanisms. In particular, F. nucleatum has
been shown to promote cancer by acting on signal transduction pathways involved in
epithelial cell proliferation and cancer immune mechanisms. In our large-scale cohort
study, we collected metagenome and metabolome data to evaluate how the intestinal
microbial composition and metabolomic profile change as CRC progresses. We showed
that CRC-associated bacteria (e.g., F. nucleatum) and microbial metabolites (e.g.,
DCA) are increased at CRC onset. Immunological studies have largely elucidated the
carcinogenic mechanisms of gut microbiota, whereas biochemical research on their
metabolites and the carcinogenic effects thereof is limited. Furthermore, research on how
dietary habits are related to the intestinal bacteria that promote cancer development
has just begun. Further metagenome and metabolome studies might provide answers to
these questions.
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