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Abstract

Introduction: The gut microbiome maintains the mucus membrane barrier’s integrity, and it is modulated by the host’s

immune system.

Aim: To detect the effect of microbiota modulation using probiotics, prebiotics, symbiotics, and natural changes on colorectal

cancers (CRCs).

Material and methods: A PubMed search was conducted to retrieve the original and in vivo articles published in English
language from 2010 until 2021 containing the following keywords: 1) CRCs, 2) CRCs treatment (i.e. surgical, chemotherapy, radio-
therapy and/or immunotherapy), and 3) microbiota probiotic(s), prebiotic(s), symbiotic(s), dysbiosis and/or nutritional treatment.
A total of 198 PubMed records/articles were initially identified. 108 articles were excluded at the initial screening, and another
29 articles were excluded after reviewing the abstracts, and finally 61 studies were analysed for this systematic review.

Results: The gut microbiota metabolites and (SCFAs) short-chain fatty acids (i.e. acetate and butyrate) have a protective effect
against CRCs. SCFAs reduce the inflammatory cytokines, inhibit colonocyte proliferation, and promote malignant cell apoptosis.
Butyrate maintains the integrity of the mucus membrane barrier and reduces intestinal mucosal inflammation. Reduced butyric
acid level and increased inflammatory cytokines were observed after reduced Bacteroides fragilis and Bacteroides vulgatus

species in the colon. Akkermansia muciniphila bacterium decreased in patients with CRCs.

Conclusions: Prebiotics (i.e. inulin and resistant starch, SCFAs producers) and consumption of unprocessed plant products
are useful for developing and maintaining healthy gut microbiota. The pro-, pre- and/or symbiotics may be useful when carefully
selected for CRC patients, to restore beneficial gut microbiota and support treatment efficacy.

Introduction

Approximately 10-20% of colorectal cancer (CRC)
patients have a family history of the same disease[1],
and 5-7% of CRCs have a clear genetic origin[2]. Hered-
itary CRC syndromes are divided into CRC with polyp-
osis and CRC without polyposis (i.e. Lynch syndrome)
[3]. Risk factors for CRCs include inflammatory bowel
disease (i.e. Chron’s and ulcerative colitis) [4].

The chronic inflammation (i.e. Chron’s and ulcerative
colitis) is associated with release of inflammatory cyto-
kines with subsequent chronic DNA and cell damage[3].
The chronic DNA/cell damage and/or genetic mutations
predispose to the development of premalignant polyps

or lesions[5]. The premalignant polyp can be further
differentiated into either adenoma-carcinoma (70-90%)
or serrated CRC (10-20%). The non-polyposis CRC had
lower incidence than the polyposis type [3].

The microbiome includes microorganisms found in
the host’s epithelial and/or mucus membrane barriers,
acquired since birth by vertical transmission, modulated
throughout the life of the host by the environment, and
reacting with the host in a complex way [6, 7].

The microbiome maintains the health of the epi-
thelial and/or mucus membrane barriers, involved in
the development of diseases and it is modulated by
the host’s immune system[8]. The gut microbiota me-
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tabolites, short-chain fatty acids (SCFAs) [9] (i.e. acetate
and butyrate) [10] produced by the bifidobacteria have
a protective effect against CRC[11]. SCFAs reduce the in-
flammatory cytokines [11], inhibit colonocyte prolifera-
tion, and promote malignant cell apoptosis[12].

Butyrate maintains the integrity of the mucus mem-
brane barrier, regulates the occlusion of the mucosal
cell junction, and reduces intestinal mucosal inflamma-
tion [13].

Butyrate-producing bacteria such as genus Butyr-
icicoccus, can protect against colitis in irritable bowel
syndrome [14]. SCFA-producing bacteria are essential for
healthier microbiota profiles[15].

Reduced butyric acid level and increased inflamma-
tory cytokines were observed after reduced Bacteroides
fragilis and Bacteroides vulgatus species in the colon[16].
Akkermansia muciniphila bacterium decreased in patients
with ulcerative colitis[17] and in those with CRC[18].

Dysbiosis means a pathological change and/or im-
balance of intestinal microbiota composition, which is
associated with tumour development [19, 20]. Intestinal
microbiota imbalance (decreased beneficial microbiota
and increased pathogenic organisms) is frequently ob-
served in CRC patients, caused by intensive use of an-
tibiotics [21].

Chronic inflammation and disruption of the intesti-
nal mucosal are the most important risks for CRC [22].
H,S-producing bacteria are associated with CRC devel-
opment. H,S-producing bacteria can oxidize and reduce
local intestinal SCFAs[23].

H.,S is toxic to colonocytes, it oxidizes the butyrate,
damages intestinal mucosal epithelium, and promotes
chronic inflammation with a subsequent DNA damage
[24]. Additionally, H,S disrupts the balance between
cell proliferation and apoptosis [25]. High H,S concen-
trations were observed during stool examination of
100 patients with CRCs [26]. Other studies reported in-
creased Fusobacterium nucleatum species (H,S-produc-
ing species) in colonic tumour tissue [27, 28].

The bacterial species associated with development
of CRCs include B. fragilis, E. coli (Escherichia coli), Pep-
tostreptococcus spp., Streptococcus bovis, and Entero-
coccus faecalis [29, 30]. B. fragilis and E. coli produces
local onco-toxins (i.e. B. fragilis toxin and colibactin)
[31], which increased the tumour growth and mortality
from CRCs in animal studies [31].

Although the value of nutrition is frequently un-
derestimated, the available data show that nutrition is
crucial in shaping the gut microbiota. The type of food
is the main way to interact and modify gut microbio-
ta [32]. Nutritional diseases such as malnutrition and
obesity produce major alternations in gut microbiota.
A plant-based food can change our microbiota faster
than other therapeutic measures. The Mediterranean
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diet increases the beneficial gut microbiota and the SC-
FAs [33]. The high-fibre diet decreases the risk of CRCs
through increased gastrointestinal motility and de-
creased contact of pro-cancerous metabolites/toxins to
the gut mucosal barrier, and production of SCFAs when
fermented by the gut bacteria [34].

Probiotics are “living bacteria that have a benefi-
cial health effect when given in suitable amounts” [35].
The benefits of probiotics range from the maintenance
of intestinal mucosal barrier integrity to the preven-
tion of irritable bowel disease [36]. Probiotics modify
the gut microbiota, reduce inflammatory cytokines, and
secrete anti-cancer metabolites [37]. Additionally, probi-
otics modulate T-lymphocyte and dendritic cell activities
[38]. In vitro [39] and clinical studies [40-42] reported
beneficial health effects of probiotics. Akkermansia mu-
ciniphila (A. muciniphila), is one of the probiotics that
has a beneficial health effect on obesity [43] and/or ep-
ithelial tumours [44].

Moreover, lactic acid-producing bacteria have been
used for their immunomodulatory effect [45] and Lacto-
bacillus salivary and Lactobacillus fermemtum combined
with Lactobacillus acidophilus reduced CRC cell prolifer-
ation in experimental studies [46, 47].

Prebiotics are defined as “substances utilized by
the host’s organism that have a beneficial health effect”
[48]. Inulin is an example of the prebiotics and dietary
fibres (i.e. inulin-type fructans) found in garlic, onion,
and asparagus [49]. Inulin-type fructans are not digest-
ed in the small intestine and are fermented in the colon
to produce lactic acid and SCFAs [50, 51]from the CRC
protective bacteria (i.e. Bifidobacteria [52], Bacteroides
[53], and A. muciniphila) [43].

Resistant starch is another example of prebiotic (not
digested in the small intestine and fermented in the co-
lon), found in cereals, legumes, vegetables, and seeds.
Resistant starch produces protective SCFAs (butyrate)
and reduces the colonic PH [54].

Symbiotics are “a mixture of living bacteria (probiot-
ics) and substances utilized by the host’s organism (pre-
biotics), and both have a beneficial health effect” [55].

An example of a symbiotic associated with de-
creased incidence of CRC includes a combination of Bi-
fidobacterium animalis subspecies lactis (B. lactis) as
a probiotic and resistant starch (prebiotic) [55].

The role of microbiota has been studied with differ-
ent cancer treatments, including radiotherapy [56], che-
motherapy [57], and immunotherapy [58]. Most studies
have focused on the microbiota’s role in immunother-
apy because of its promising role in immune response
modulation [58].

Paulos et al. [56] reported the microbiota’s role in
immune response modulation. Paulos et al. [56] found
that the Gram-negative bacteria lipopolysaccharide
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(LPS) increases the activity of dendritic cells and TCD8+
lymphocytes, with subsequent melanoma regression
after radiotherapy.

Immunotherapy is still ineffective in a large propor-
tion of CRCs, due to the host’s genetics and/or cancer
phenotype [59]. Immunotherapy induces the host’s im-
mune response through T-lymphocytes. Therefore, it is
important to identify the ideal microbiota to improve
the efficacy of immunotherapy during CRC treatment.
The beneficial microbiota during immunotherapy treat-
ments for epithelial tumours include Clostridiales, Ru-
minococcacae, Enterococci, Collinsella, Alistipes, A. mu-
ciniphila, B. fragilis, and Bifidobacteria [60].

The aim of surgeries in CRC is total tumour resec-
tion with safety margins around. The risk of tumour
recurrence significantly decreases if the CRC is totally
resected with tumour-free margins around [61].

However, the incidence of local recurrence in CRCs
is 15%, which is due to the histological and biological
characteristics of the primary tumour and/or the degree
of deep invasion [62, 63]. Mostly the tumour recurrence
occurs at the anastomosis site due to loss of the in-
testinal mucosal barrier’s integrity and the presence
of collagenolytic organisms [64]. A high-fat diet increas-
es the recurrence of CRCs at the anastomosis site in
preclinical studies [65] due to overproduction of collag-
enolytic organisms at the anastomosis site [65]. There-
fore, low collagenolytic organisms after CRCs surgeries
is a healthy colonic microbiota for successful CRC sur-
geries and prevention of recurrence.

Although, the value of nutrition is frequently under-
estimated in medical fields, the available data showed
that nutrition is crucial in shaping the gut microbiota.

Aim
This systematic review aimed to detect the effect

of microbiota modulation using probiotics, prebiotics,
symbiotics, and natural changes on CRCs.

Material and methods

Inclusion criteria: A PubMed search was conducted
to retrieve the original and in vivo articles published
in English language from 2010 until 2021 containing
the following keywords: 1) CRCs, 2) CRCs treatment (i.e.
surgical, chemotherapy, radiotherapy, and/or immuno-
therapy), and 3) microbiota probiotic(s), prebiotic(s),
symbiotic(s), dysbiosis, and/or nutritional treatment.

Exclusion criteria: in-vitro studies, commentaries, let-
ters to the editor or correspondence, editorials comments,
duplicate publications, retractions, and reviews (narrative,
systematic, and/or meta-analyses) were excluded.

Results

A total of 198 PubMed records/articles were initial-
ly identified. 108 articles were excluded at the initial
screening because of the article type (i.e. commentaries,
letters to the editor or correspondence, editorials com-
ment, duplicate publications, retractions, reviews). After
reviewing the abstracts, another 29 articles were ex-
cluded due to cancers other than CRCs, in vitro studies,
non-English language, and conferences presentations.
Finally, 61 studies were eligible and were analysed for
this systematic review (Figure 1).

Table | contains a summary of the reviewed studies
including authors and publication year, cancer origin,
type of the study, intervention, effect of intervention on

Figure 1. The PRISMA flow chart

o
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the microbiota and tumour, and possible mechanisms
that explain the effect of intervention.

The quality of the reviewed studies was as-
sessed using the CONSORT and STROBE checklists.
The CONSORT checklist is a 25-item checklist focusing
on the article/study design, analysis, and interpretation.
The STROBE checklist is a 22-item checklist evaluating
different sections/parts of the observational studies.

Discussion

The microbiota works as a natural defence, and it
modulates the host’s immune response against tumour
development and progression [8]. Although the value
of nutrition is frequently underestimated, the available
data showed that nutrition is crucial in shaping the gut
microbiota. Therefore, this systematic review aimed to
detect the effect of microbiota modulation using probiot-
ics, prebiotics, symbiotics, and natural changes on CRCs.

Lactobacillus combined with Bifidobacterium is one
of the most studied probiotic combinations in CRCs.

Although Yuan et al. [66] found that the combina-
tion of Bifidobacterium and Lactobacillus cannot im-
prove the response to 5-FU treatment in CRCs, Lacto-
bacillus acidophilus combined with Bifidobacterium
longum and Enterococcus faecalis (Bifico cocktail) was
approved in China in preclinical studies for reduction
of colon tumour growth [67, 68].

Moreover, the combination of 3 strains of Lactobacil-
lus with one strain of Bifidobacterium decreased the in-
cidence of CRCs in a preclinical study [69].

The use VSL#3 (Lactobacillus, Bifidobacterium, and
Streptococcus) with a Western diet and metformin de-
creased the development of CRCs in a murine model
[70] compared to VSL#3 alone [71].

Chang et al. [72] reported improved microbiota and
inflammatory parameters when Lactobacillus casei was
used in combination with FOLFOX (5-FU, leucovorin, and
oxaliplatin) in CRCs associated with colitis in an animal
model, Chang et al. [72] found that Lactobacillus casei
inhibits healthy intestinal epithelial death while FOLFOX
increases malignant cell apoptosis.

Lactobacillus casei BL23 strain were protective
against CRCs in a mouse model, it downregulates in-
flammatory cytokines (interleukin-22), and it has an
immunomodulatory and anti-proliferative effect [73].

Gao et al. [74] found the Lactobacillus reuteri (i.e.
a histamine-producing probiotic) reduced the cancer-as-
sociated inflammatory cytokines and the number and
size of CRCs in an animal model.

The therapeutic effect of interleukin-2 (IL-2) as
an immunotherapy was significantly augmented by
the oral use of Akkermansia muciniphila (A. muciniphila)
in CRC-bearing mice [75].

Gastroenterology Review 2024; 19 (1)

Shi et al. [75] found that tumour volume decreased
and survival rate increased in mice with CRCs af-
ter the use of IL-2 and A. muciniphila. Therefore, the
SCFAs producing probiotics and A. muciniphila could
have a useful therapeutic effect for patients with CRCs.

Pectin is SCFAs producing prebiotic [76], reduces
the ammonia [77], and improves glucose metabolism
[78]. Pectin is a metabolite derived from plant wall
metabolite, which serves as an energy source for SC-
FA-producing bacteria after fermentation in the colon
[79]. Moreover, pectin is protective against colorectal,
prostate, and breast cancers [80]. Pectin increases
the SCFA-producing bacteria (i.e. acetate) and increas-
es the expression of interferon-y-producing TCD8+ [81].

Galacto-oligosaccharides that are originated from
lactulose reduced the CRC development and modulated
the microbiota in preclinical studies [82]. Fructo-oligo-
saccharides (inulin) reduced the volume of implanted
colonic tumours in an animal model [83]. They inhibit
the tumour development through butyrate production
and microbiota modulation [84].

The normal colonocytes use butyrate as the main
energy source [85, 86]. Additionally, butyrate inhibits
histone deacetylase and increases malignant colono-
cytes apoptosis [34].

Wu et al. [87] found that polymethoxyflavones were
effectively prevent carcinogen-induced CRCs in an ani-
mal model through modulation of gut microbiota and
increased butyrate-producing bacteria.

Hu et al. [88] found that resistant starch was able
to protect against colitis-associated CRCs in rats by
increasing SCFA-producing bacteria. Zhang et al. [89]
found that Canmei herbal formula (containing Mume
sieb, Marci Hieronymi, and more than 41 active ingre-
dients — mainly DL-arginine, L-carnitine, and L-tyrosine)
reduced the colitis associated with CRCs in an animal
model through modulation of the colon microbiota.

Symbiotics can increase the efficacy of CRC treat-
ments. They decrease the invasiveness of CRCs and in-
crease the SCFA-producing microbiota [90].

Zheng et al. [91] found that symbiotics containing
dextran and Clostridium butyricum (C. butyricum) regu-
late the gut microbiota and increase the SCFA-producing
microbiota. Further studies regarding the ideal symbiotic
and its proper therapeutic dose for CRCs are warranted.

Prebiotics can be extracted from mushrooms, green
tea [92], and fruits [93]. Probiotics can be extracted
from fruit [94], dairy products (i.e., yogurt, milk, and
cheese) [95], and dairy products fermentation [96].
A high-soluble-fibre diet can inhibit intestinal mucosal
erosions, decrease its degradation, and enhance the in-
testinal mucosal barrier [3]. Anthocyanins (i.e. black-
berries) decrease local colonic inflammation, improve
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the gut microbiota, and reduces the incidence of CRCs
[93, 97].

Marine extract containing certain shellfish may have
anticarcinogenic effects [98, 99]. Terasaki et al. [100]
found that fucoxanthin (algae-derived product) present
in Undaria pinnatifida decreased the number of CRC-ad-
enocarcinomas in an animal model. Nutmeg can de-
crease the development of adenomatous polyposis co-
li-induced CRCs (API-induced CRCs) [101].

The Mediterranean diet prevents certain types
of cancer [102] and reduces the incidence of CRCs
by 11% [103]. The Mediterranean diet combined with
a high-fat diet improves the gut microbiota [104].

Bajramagic et al. [42], in a randomized controlled tri-
al (RCT) including 78 patients, studied the effect of pro-
biotics in reducing the post-operative side effects after
surgeries for stage Ill adenomatous CRCs. They found
that the probiotics mixture containing Lactobacillus,
Bifidobacterium, and Streptococcus strains decreased
the common post-operative side effects after CRC sur-
gery, especially post-operative paralytic ileus.

Zhang et al. [105] found that a probiotic mixture
containing Bifidobacterium longum, Lactobacillus aci-
dophilus, and Enterococcus faecalis in CRCs decreases
the Fusobacterium (Gram-negative, anaerobic bacteria)
associated with CRCs and decreases post-operative in-
fection after CRC surgeries.

The probiotic containing L. plantarum, L. acidophilus,
and Bifidobacterium longum reduces post-operative di-
arrhoea, fever, and infection [106].

The Lactobacillus johnsonii (Lal) reduces the patho-
genic microorganisms and colonic inflammation after
CRC surgeries[5].

The pre-operative use of probiotic mixture contain-
ing Enterococcus, Clostridium, and Bacillus significantly
reduced post-operative incisional infections after CRC
surgeries [107].

The intake of phytochemicals increases the Firmic-
utes and Lactobacillus levels and decreases the risk
of CRCs [108].

Xie et al. [109] in a RCT found that pre-operative
use of non-digestible oligosaccharides in patients who
underwent radical surgeries for CRCs improved their im-
mune response. Xie et al. [109] explained the improved
immune response by the positive effect of non-digest-
ible oligosaccharides on the gut microbiota.

The symbiotic (simbioflora®) containing oligo-
saccharides, Lactobacillus, and Bifidobacterium lactis
strains significantly reduced post-operative infection
after CRC surgeries [110].

The Bifidobacterium, Lactobacillus, and inulin strains
improved SCFA-producing microbiota in patients who
underwent stage I-Ill CRC surgeries [84].

Nuhnez-Sanchez et al. [111, 112] found that intake
of pomegranate extract changed the expression of cer-
tain genes [111] and microRNAs [112] in CRCs, highlight-
ing the role of diet modification in changing the gene
expression in CRCs.

This systematic review found the gut microbiota
metabolites, SCFAs (i.e. acetate and butyrate) produced
by the lactic acid-producing, and Bifidobacteria have
a protective effect against CRCs. SCFAs reduce the in-
flammatory cytokines, inhibit colonocytes prolifera-
tion, and promote malignant cell apoptosis. Butyrate
maintains mucus membrane barrier integrity, regulates
mucosal cell junction occlusion, and reduces intestinal
mucosal inflammation. The beneficial effect of pro-,
pre-, and/or symbiotics on CRCs should be confirmed
in future studies.

Conclusions

Prebiotics (i.e. inulin and resistant starch, SCFA pro-
ducers) and consumption of unprocessed plant prod-
ucts are useful for developing and maintaining healthy
gut microbiota. The pro-, pre-, and/or symbiotics may
be useful when carefully selected for CRC patients,
to restore the beneficial gut microbiota and support
the treatment efficacy. The beneficial effect of pro-,
pre-, and/or symbiotics on CRCs should be confirmed
in future studies.
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