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GUT DYSBIOSIS AND COLORECTAL CANCER: FROM ONCOGENESIS HYPOTHESES
TO NON-INVASIVE DIAGNOSTICS
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Colorectal cancer (CRC) is one of the most prevalent malignant neoplasms that occupies the leading position in terms of cancer mortality. The main problem of
CRC is that the disease is diagnosed at the advanced stages (about 50% of cases identified are stage Ill and IV CRC), which results in high mortality. Dysbiotic
gut microbiota alterations represent one of the key risk factors of CRC. Three hypotheses of CRC emergence were formulated in order to explain the relationship
between dysbiosis and carcinogenesis: “alpha-bug”, keystone pathogen, and driver-passenger hypotheses. The driver—passenger model is the most promising,
it divides bacteria into “drivers” of cancer triggering inflammation and cell damage and the passenger bacteria modeling tumor microenvironment, accelerating
tumor growth, and exacerbating dysbiosis. Drivers and passengers can be markers of various carcinogenesis stages. Colonoscopy involving examination of the
surface of the rectum and colon is the most effective method to detect CRC, including the early stage disease. However, the wide use of this procedure is limited
by the fact that it is associated with discomfort for patients and the risk of possible sequelae. Non-invasive microbiota assessment based on the driver—passenger
model can become a safe and affordable alternative to the invasive diagnostics during preventive screening, since it makes it possible to improve survival rate due
to involvement of a larger number of patients.
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ONCBNO3 KULLEYHUKA U KOJTOPEKTAJIbHbIN PAK: OT M’MNOTES3 OHKOIMEHESA
K HEMHBASNBHOWN AUATHOCTUKE

E. B. MhasyHoBa, A. C. KypHocos, O. A. 3nobosckas =
LleHTp cTpaTernieckoro niaHMpoBaHNs 1 yNpaeieHst Meavko-61oNnorvHecKMI PUCKamin 300poBbio PefepanbHoro Meanko-6ronorideckoro areHTcTea, Mockea, Poccust

KonopekTtansHbii pak (KPP) — 0aHO 13 cambix pacnpoCTpaHeHHbIX 310ka4eCTBEHHbIX HOBOOBPa30BaHWA, 3aHMMatoLLEee IMAVPYIOLLIME MO3ULN MO CMEPTHOCTM
ot paka. OcHosHasa npobnema KPP — anarHoCcTvka 3abonesaHns Ha no3gHux ctagusx (okono 50% cnydvaes BbigBnatoT Ha Il n IV ctagunsax), 4To npusoanT K
BbICOKOW netanbHocT. OfHUM 13 KIto4eBbIX hakTopoB pricka KPP SBRSOTCS AMCOMOTUHECKME HAPYLLIEHWS KULLEYHOW MUKPOOGMOTbI. C Lenblo 06bACHUTL
B3aNMOCBSA3b AMCOMO3a 1 KaHLieporeHesa bbiin cchopMyIMpoBaHbl TpW MNoTe3bl BO3HMKHOBeHMS KPP: «Alpha-bug», «Keystone pathogen hypothesis» u «Driver-
Passenger». Mogenb «Driver-Passenger» Hanbonee nepcnekTvBHa 1 pasfensdeT bakTepun Ha «apanBepbl» paka, 3amnyckaioLye BoCnaneHe v NoBpeXxxaeHme
KNETOK, 1 «BGaKTepumn-naccakvpbl», MOAENVPYIOLLME MUKPOOKPYKEHE OMyXONW, yCUIMBatoLLvie ee POCT 1 ycyrybnsioLme ancbros. Oparisepsl 1 naccavpol
MOryT BbICTyNaTb Mapkepammn pasinyHbIX CTaauii OHKoreHesa. KonoHOCKOMMS MOBEPXHOCTU MPSAMON 1 060A0HHOM KUK — Havbonee aPdeKTBHbIA METOA,
ons o6Hapy>xeHns KPP, B TOM 4ncne Ha paHHUX ctaausx 3abonesaHns. OoHako NOBCEMECTHOE MPUMEHEHNE JaHHOW NMPOLEayPbl OrPaHNHMBAETCS CBA3AHHBIM
C Hell AnCKoMPOPTOM ANt NaLMEHTOB 1 PYCKOM BO3MOXHbIX MOCNEACTBUI. HevrHBasnBHOE vccnefoBaHne MMKpoOmnoTsl Ha OCHOBE Mofenn «Driver-Passenger»
MOXET CTaTb 6€30MacHON 1 JOCTYMHON ansTepHaTUBON MHBA3MBHOW AMArHOCTVIKE B XOAe MPOMUNaKTUHECKOrO CKPUHMHIE, MO3BOMSS MOBbLICUTE BbPKMBAEMOCTb
3a CYET BOBJEHEHUS BOMbLLEro YMcna NaLneHToB.

Kntouesble cnosa: KOJ'IOpeKTaJ'IbeII7I pakK, BocnanntesnbHble 3ab0neBaHnsa KLLeYH1Ka, MMKpOGMOTa, MIAKpO6I/IOM, AnarHoCTuKa, rmnoTedbl KaHLieporeHesa,
nepcoHamanpoBaHHasa MeguLHa, HerHBa3BHbIe UCCiegoBaHns, BbKMBaeMOCTb

Bknap aBToposB: E. B. [MasyHoBa — aHan1s nMtepatypbl, cOop AaHHbIx, HanmcaHre pykormen; A. C. KypHocos — pepaxtuposanue pykommey; O. A. 3nobosckas —
NAest PyKOMMCK, PEAAKTUPOBAHME PYKOMMUCK.
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CRC Statistics Eastern Europe. Among adults under 50, there is a tendency

towards an increase in CRC cases, especially rectal and colon

Colorectal cancer (CRC) is a malignant neoplasm of various
parts of the colon or rectum and one of the most common types
of pathological tumor processes (10% of all cancer cases) [1].
CRC ranks second or third among the most frequent causes
of cancer deaths: about 1.1-2 million new cases (600-935
thousand deaths per year) [2].

Given the trends, the forecast for detecting new CRC
cases in Western countries by 2030 is 2.2 million people, and
by 2040, about 1.6 million deaths annually will occur among
3.2 million patients [1, 3]. The highest mortality is recorded in

cancer, and subsequent deaths [3, 4], which, along with the
overall dynamics, is causing concern.

The dynamics of CRC incidence in the Russian Federation
corresponds to the global trend. For the period 2011-2021,
the average annual increase in the detection of colon and rectal
cancer is 2.14% and 1.47%, respectively [5]. In 2021, cancer
of various parts of the intestine accounted for a total of 12.2%
of all malignant neoplasms [4]. This trend can be explained
not only by a true increase in incidence but also, probably, by
improved screening quality [1].
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Along with an annual increase in CRC cases among young
people by 1-2.4%, there is a steady decrease in morbidity and
mortality among people aged =65 years, which is associated
with increased participation of the risk group in regular preventive
screening and once again confirms the need to develop new
strategies for early diagnosis and prevention [3, 4].

The prognosis for the course and outcome of the disease
depends on the diagnosed stage. Approximately 50% of CRC
detection cases occur collectively at stages Ill and IV of the
disease, leading to high mortality in the first year after detection
[1,4]. Early tumor diagnosis (at stages O, I, or ll) is accompanied
by 80% survival over five years, which decreases to 10% with
later diagnosis [6].

Most CRC cases are sporadic, and only 20-30% are caused
by hereditary syndromes [3]. The prevalence of sporadic cancer
cases over hereditary ones indirectly confirms the dominance
of various environmental factors as the main cause of the onset
and development of carcinogenesis [2].

Risk Factors

The emergence and development of CRC is a multifactorial
and multi-stage process, representing a complex interaction
of environment, lifestyle, genetic, epigenetic, and other factors
[2]. Among other risk factors, age, Western diet (especially
consumption of large amounts of red meat), smoking,
alcohol abuse, obesity, diabetes, and inflammatory bowel
diseases (IBD) are highlighted [3]. Dysbiotic disturbances in
the microbiota are also considered a key risk factor for CRC.
Every year, the global scientific community publishes new data
confirming the pathogenic and carcinogenic effects of dysbiotic
microbial communities [2, 3, 6-10].

Dysbiosis stimulates the emergence and development of
a cascade of various inflammatory reactions in the intestine,
up to IBD, which, along with the direct impact of pathogenic
and opportunistic microorganisms, is recognized as one of the
main causes of CRC [2, 6]. Patients diagnosed with IBD have a
higher risk of developing CRC: the probability of development
is 8.3-20% [11].

Thus, a comprehensive approach to studying intestinal
oncogenesis involves analyzing the three-way interaction
between the intestinal microbiota, the mucosal immune system,
and colonic epithelial cells [7, 8].

CRC Hypotheses and Microbiota

To approach understanding the potential mechanism of
carcinogenesis influenced by the microbiota, as well as the
development of dysbiotic disturbances in this process, three
models were successively proposed: "Alpha-bug", "Keystone
pathogen hypothesis", and "Driver-Passenger".

"Alpha-bug" Model

This model was based on a hypothesis that emerged as a
result of studies on the enterotoxigenic subtype of Bacteroides
fragilis (ETBF) and was proposed by Sears CL and Pardoll
DM [7]. According to this model, bacteria possessing unique
virulence factors not only directly trigger chronic inflammation
and carcinogenesis and negatively affect the immune system
but also contribute to dysbiosis by displacing commensal
bacteria with anti-tumor effects. Such bacteria were called
"alpha-bugs".

In the process of developing the "Alpha-bug" model,
various researchers supplemented it with the following taxa:
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Escherichia coli pks+, Enterococcus faecalis, Fusobacterium
spp., Streptococcus gallolyticus subsp. gallolyticus (S. bovis
biotype I) [2].

"Keystone pathogen hypothesis" Model

In their model, Hajishengallis G and co-authors point out
several shortcomings of the "Alpha-bug" hypothesis: focusing
only on individual toxigenic species, excluding the influence of
commensals from consideration (i.e., lack of a comprehensive
approach), analyzing oncogenesis starting from the dysbiotic
stage. Their proposed model suggests considering "keystone"
bacteria whose impact on the host organism is disproportionate
to their numbers. These "keystone" minor bacteria affect
homeostasis, microbiota composition, initiate inflammatory
processes, and dysbiosis. The hypothesis complements
the list of organisms included in the "Alpha-bug" model
with the following species: B. thetaiotaomicron, Citrobacter
rodentium, Klebsiella pneumoniae, Methanobrevibacter smithii,
Porphyromonas gingivalis, Proteus mirabilis [10].

"Driver-Passenger" Model

The "Driver-Passenger" model, also proposed by Tjalsma H
and colleagues, expands and unifies the first two concepts,
viewing carcinogenesis as a complex process induced
by driver bacteria and progressing under the influence of
passenger bacteria. Drivers cause inflammation and epithelial
cell damage, contributing to the onset of CRC, and create a
favorable environment for the development of opportunistic
and commensal passengers. Passengers are better adapted
to the tumor microenvironment, promote further progression
of carcinogenesis, can suppress the growth of drivers, and
exacerbate dysbiotic disturbances in the microbiota [12].

The functional role of driver bacteria shows significant
similarities with the characteristics of alpha-bugs and "keystone"
bacteria, which expectedly suggests common candidates.
Researchers propose the following bacteria: B. thetaiotaomicron,
Bifidobacterium bifidum, E. coli (dvnotun B2 v pks+), E. faecalis,
Eubacterium rectale, ETBF, P endodontalis, Ruminococcus
gnavus; Citrobacter spp., Morganella spp., Salmonella spp.,
Shigella spp.; Enterobacteriaceae, Porphyromonadaceae,
Pseudomonadaceae, Ruminococcaceae.

Taxa such as Clostridium septicum, P. gingivalis, S. gallolyticus
subsp. gallolyticus, Proteus spp., Fusobacterium spp., and
other E. coli pathotypes can be singled out into a separate
"driver-passenger" subgroup, as they combine properties of
both groups. For example, Fusobacterium spp. have a high
affinity for intestinal epithelial cells, especially tumor cells.
F. nucleatum can form biofilms between itself and other species,
such as C. difficile, Candida albicans, E. faecalis, P gingivalis,
Streptococcus spp. [3].

The group associated with late stages of carcinogenesis and
functioning as passengers includes: Akkermansia muciniphila,
Prevotella intermedia, Parvimonas micra, Peptostreptococcus
anaerobius, P. stomatis, Saccharomyces cerevisiae; Aspergillus
spp., Lactobacillus spp., Clostridium spp., Collinsella spp.,
Klebsiella spp., Mucor spp., Peptostreptococcus spp.,
Prevotella spp., Roseburia spp., Staphylococcus spp.,
Streptococcus spp., Veillonella spp.; Streptococcaceae. Both
drivers and passengers show proven associations with certain
stages and mechanisms of carcinogenesis, with elevated levels
of various interleukins and Th17-mediated immune response,
with some CRC subtypes, and with the mutational status of
tumor and adenoma cells [3, 13].
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Currently, the "Driver-Passenger" model is a comprehensive
concept that most closely reflects the dynamic, functional, and
temporal interactions within the microbial cormmunity at various
stages of CRC, compared to other hypotheses. The limitations
of this model lie in the heterogeneity and multifunctionality of the
microbiota, whose composition and quantity vary depending
on many factors, and currently do not take into account
the influence of commensal archaeal species and parasitic
infections [12].

Further research will help clarify microbiome-associated
mechanisms of CRC development and progression to create a
more universal model of oncogenesis.

Dysbiotic Disturbances of the Archaecome

Archaea are minor commensal representatives of the
microbiome that metabolize various compounds produced
during the anaerobic decomposition of organic substances
by intestinal bacteria. Throughout oncogenesis, archaeome
dysbiosis is observed: depletion of the methanogenic
component and an increase in the abundance of halophilic
species [14]. The role of archaea requires further study in the
context of the "Driver-Passenger" hypothesis.

Parasitic Infection as a CRC Driver

Common parasitic invasions of the gastrointestinal tract
include: amebiasis (Entamoeba histolytica), ascariasis (Ascaris
lumbricoides), balantidiasis (Balantidium coli), blastocystosis
(Blastocystis spp.), cryptosporidiosis (Cryptosporidium sp.),
giardiasis (Giardia lamblia), strongyloidiasis (Strongyloides
sp.), trichocephalosis (Trichuris trichiura), cystoisosporiasis
(Cystoisospora belli), cyclosporiasis (Cyclospora cayetanensis),
schistosomiasis (Schistosoma sp.), enterobiasis (Enterobius
vermicularis). Some of these are classified as normobiota,
but the vast majority of these organisms have been proven to
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