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Abstract

Background: The human gastrointestinal tract (GIT) population
of almost 200 common bacteria, viruses, and fungi supplies the host
with distinct metabolic activities and is critical in health and illness
state.

Aim: The review goal is to correlate between dysbiosis and oc-
currence of different GIT diseases conditions. Furthermore, we will
highlight on the effect of diet and probiotics on dysbiosis progression.

Method: Literature search was done and information was collect-
ed from trusted resources like PubMed and other journals.

Discussion: Microbiota have a wide range of effects on cancer risk,
including host metabolism, immunological function, host/microbial
sensing pathways, and cellular proliferation. Esophageal carcinoma
is the most common cause of cancer mortality globally. On the other
hand, gastric cancer is a complicated disease influenced by genetic,
molecular, and environmental factors, with H. pylori infection be-
ing the most prevalent cause. The development of colorectal cancer
(CRC) is highly challenging. Changes in gut microbiota patterns are
consistently related with CRC, with tumor signatures diverging from
adjacent normal tissue. The aetiology of inflammatory bowel dis-
ease (IBD) is known to be multifaceted, with an excessive immune
response to gut flora in genetically susceptible individuals. Further-
more, hepatocellular carcinoma (HCC) is the most common primary
liver cancer and the fourth largest cause of cancer deaths worldwide;
both its incidence and mortality rate are rising. All the previously
mentioned disease conditions are correlated with alterations in nor-
mal microbiota diversity and abundance. Diet habits and misuse of
antibiotics definitely affect gut commensal ecosystem.

Conclusion: Dysbiosis is mainly correlated with different GIT dis-
ease conditions. Dietary habits have an influence of normal state of
commensal gut microbiome. Probiotics showed to have a significant
effect in enhancing gut ecosystem, and support management of dif-
ferent GIT disease conditions.
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Introduction

The term “microbiota” refers to the complete community of
microorganisms that inhabit a certain region and includes not
only bacteria, but also fungus, viruses, archaea, and protozoans
[1]. The human gastrointestinal tract (GIT) population of near-
ly 200 common bacteria, viruses, and fungi provides unique
metabolic activities to the host and is profoundly essential in
health and diseases [2]. Furthermore, the gut microbiota helps
in production of energy and nutrients (such as vitamins and
short-chain fatty acids) that would otherwise be unavailable
to the host and are required for mucosal barrier homeostasis
[3]. The normal gut microbiota performs particular functions
in host nutrition metabolism, xenobiotic and drug metabolism,
gut mucosal barrier structural integrity, immune regulation, and
pathogenic defence. Several variables influence shaping of gut
flora. They include the method of delivery (vaginal or caesare-
an); nutrition during infancy (breast milk or formula feeds); and
diet throughout maturity (vegan or meat based); and the usage
of antibiotics or antibiotic-like substances originating from the
environment or the gut commensal ecosystem [4]. There is a
growing recognition of the gut microbiota’s role to tumor devel-
opment, with certain infectious agents known to generate 15 to
20% of cancers, while other malignancies are connected to the
collective gut microbiota with/without the presence of specific
trigger organisms [3]. COVID-19 infection can change gut mi-
crobiota, causing dysbiosis, and increase gut permeability, lead-
ing to the advancement of secondary bacterial infections and
bacterial pneumonia. Furthermore, dysbiosis has been linked
to the development of inflammatory bowel disease, cardiovas-
cularillness, and autoimmune disease. Dietary adjustments and
supplements can help to improve symbiosis [5].
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Figure 1: Physiological functions of gut microbiota. The gut micro-
biota contributes to host defense, nutrition and the development
of the immune system [6].

Materials and methods

Data search to investigate the association between gut mi-
crobiota dysbiosis and different gastrointestinal tract (GIT) can-
cer and diseases types. Furthermore, the effect of diet on mi-
crobiota diversity and GIT ecobalance is highlighted.

Discussion
Cancers of the Gastrointestinal tract

The impact of microbiota on cancer risk is multifaceted, in-
cluding host metabolism, immunological function, host/micro-

bial sensing pathways, and cellular proliferation [7]. Carbohy-
drate structures on gastrointestinal mucins, for example, serve
as binding sites and/or metabolic substrates for bacteria and
are essential factors in site-specific microbial colonization [8].
Increases in pro-inflammatory cytokine levels caused by mi-
crobes can cause epithelial DNA damage, including epigenetic
regulatory alterations, resulting in genetic instability. These
variables have an impact on cancer development, promotion,
and spread, as well as therapy [3].
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Figure 2: Overview on microbiota and cancers of the luminal Gl
tract. Bacterial species abundantly present (blue arrow) or deplet-
ed (red arrow) in esophageal, gastric, and colorectal cancers [3].

Esophageal Cancer is the leading cause of cancer death
worldwide, having two different histologic forms which are,
esophageal squamous cell carcinoma (ESCC), and esophageal
adenocarcinoma (EAC) [9]. Globally, ESCC prevalence is declin-
ing, however EAC cases are rapidly increasing, owing to broad
adoption of a Western diet and a rise in obesity, both of which
contribute to gastroesophageal reflux disease (GERD), the pri-
mary risk factor for EAC. Barrett esophagus (BE), a precancer-
ous lesion, usually precedes EAC [10]. When compared to nor-
mal esophageal tissue, ESCC, EAC, and BE have lower species
diversity/richness. Campylobacter, Streptococcus, Prevotella,
Veillonella, Leptotrichia, and Actinobacillus members with dif-
ferent microbial profiles linked with ESCC and EAC are more
consistently abundant in BE. Streptococcus species, Veillonella
parvula, and Porphyromonas gingivalis are the most prevalent
in ESCC, while Lautropia, Bulleidia, Catonella, Corynebacterium,
Moryella, Peptococcus, Treponema, and Cardiobacterium are
few [11].

Diet also influences microbiota composition in esophageal
carcinogenesis. A study indicated that the esophageal microbi-
ota of Sprague Dawley rats on a high-fat diet (HFD) differs from
that of rats fed a regular chow diet, with a rise in Clostridium
species and a decrease in Escherichia, Shigella, and Lactoba-
cillus genera [12]. Furthermore, it was shown that transgenic
interleukin (IL)2—IL1B mice fed a high-fat diet (HFD) developed
esophageal cancers faster than control mice. This acceleration
was linked to changes in the gut microbiota as well as immuno-
logical modifications such as enhanced Toll-like receptor (TLR)
expression, an increased ratio of neutrophils to natural killer
cells, and abnormal levels of T-cell recruitment factors like che-
mokin (C-C motif) ligands 6 and 12 (CCL6, CCL12), granulocyte
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colony-stimulating factor (G-CSF), and chemokine (C-X-C motif)
ligand 1 (CXCL1), resulting in an increase in immune cells that
express the C-X-C motif chemokine receptor 2 (CXCR2) [13].

Surgical changes to the upper gastrointestinal tract result in
functional changes that influence host metabolism and mucosal
homeostasis. Esophagojejunostomy to induce BE in rats’ chang-
es both TLR expression and the makeup of the esophageal
microbiota, with a substantial drop in Lactobacillus and a rise
in Clostridium, Enterococcus, and Streptococcus [14]. Further-
more, the addition of antibiotics exacerbates this impact, which
is reversed by the addition of rebamipide, a mucosal protective
drug used to treat peptic ulcer disease [15]. Riboflavin is an-
other component that might influence the equilibrium between
esophageal mucosal integrity and gut flora. In rats, riboflavin
deficiency is associated with esophageal epithelial atrophy and
decreased activity of xenobiotic metabolic pathways. Riboflavin
supplementation in rats has a direct effect on gut microbiota
composition, with a decrease in Firmicutes abundance and an
increase in Proteobacteria [16].

Gastric Cancer (GC) is a complex illness with genetic, molec-
ular, and environmental factors all impacting disease progres-
sion, with H. pyloriinfection being the most common cause [17].
Because of the acidic environment and other local antimicrobial
characteristics, it was long assumed that the stomach was sole-
ly inhabited by H pylori and was unsuitable to other microbes
[18]. Gastric carcinogenesis, however, is H pylori-independent
beyond a certain point in the evolution of mucosal changes
since colonization levels decline in individuals with intestinal
metaplasia and dysplasia, and is practically absent by the ad-
enocarcinoma stage. H. pylori may thus work in a hit-and-run
fashion, preparing the stomach mucosa for future oncogenic
alterations caused by other bacteria [19]. Helicobacter and, to
a much lesser extent, Streptococcus, Prevotella, and Neisseria
dominate microbiota profiles in patients with H pylori-induced
superficial gastritis or even glandular atrophy, resulting in de-
creased phylotype richness, diversity, and evenness compared
to patients with normal gastric mucosa [20]. As a result of the
loss of specialized glandular tissue and reduced acid production
in GC tissue, H pylori is eliminated and intestinal commensals
such as Lactobacillus, Enterococci, Carnobacterium, Parvimo-
nas, Citrobacter, Clostridium, Achromobacter, and Rhodococcus
are enriched. [21] as well as oral species; Fusobacterium nu-
cleatum, Veillonella, Leptotrichia, Haemophilus, and Campylo-
bacter. [22] Furthermore, species, including F nucleatum, are
associated with worse prognosis [23].

Colorectal Cancer (CRC) development is extremely difficult.
CRC is consistently associated with changes in gut microbiota
profiles, with tumor signatures deviating from neighboring nor-
mal tissue. Differences include decreased variety and changed
community structure, which become more pronounced as the
CRC advances [24]. Lower numbers of beneficial, potentially
protective taxa, such as butyrate-producing species from Clos-
tridium clusters IV and XIV, have been repeatedly documented
in CRC, whereas an increase in species such as Fusobacterium,
Bacteroides, Campylobacter, Escherichia, and Porphyromonas
has been linked to increased pro-oncogenic capacity [25]. Fir-
micutes, Actinobacteria phyla and the Lachnospiraceae family
are more commonly found in premalignant adenomas, while
Proteobacteria, Alcaligenaceae, Entero-bacteriaceae, and Sut-
terella species are more common in CRC [26]. F nucleatum is
commonly found in CRC tissue, both at the adenoma and ad-
enocarcinoma stages, along with other oral commensal species

such as Peptostreptococcus, Leptotrichia, and Campylobacter
species [27]. Enterotoxigenic Bacteroides fragilis (ETBF) and
Escherichia coli (which are found to promote colon carcino-
genesis in colitis-associated cancer rather than sporadic CRC),
Streptococcus gallolyticus subspecies gallolyticus, and Entero-
coccus faecalis have also been linked in CRC pathogenesis. The
presence of B fragilis/ETBF in CRC tissue also is likewise related
with a worse prognosis [28].

Inflammatory Bowel Disease and Crohn's Disease

Inflammatory bowel diseases (IBD), which mostly include
Crohn's disease (CD) and ulcerative colitis (UC), are a category of
chronic inflammatory gastrointestinal disorders [29]. Inflamma-
tory bowel diseases (IBD) pathophysiology is known to be com-
plicated, with an overactive immune response to gut microbiota
in genetically predisposed people. Patients with IBD show lower
biodiversity and relative abundance of butyrate-producing bac-
terial genera such as Faecalibacterium, Bifidobacterium, and
Lactobacillus [30]. Furthermore, several studies have shown
that the shape of mucosa-associated bacterial communities in
the gut differs from that seen in faeces, and changes in micro-
bial diversity have been observed between inflammatory and
non-inflammatory areas of the gut [31]. £. prausnitzii, a Clos-
tridium cluster IV member, has been shown to produce butyr-
ate, which has an anti-inflammatory effect. When compared to
healthy persons, F. prausnitzii, Blautia faecis, Roseburia inulini-
vorans, Ruminococcus torques, and Clostridium lavalense levels
are lower in CD patients [6].
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Figure 3: Dysbiosis in IBD and pathological outcomes of dysbiosis.
An unfavorable alteration of the composition and variety of the
gut microbiota is termed dysbiosis. Dysbiosis is observed in IBD
patients. Dysbiosis affects the host immune system and barrier
integrity, resulting in chronic inflammation and aberrant immune
\\7responses [6]. /

Clinical studies revealed that the genera Enterococcus and
Hydrogenophilus were more abundant in the faecal and muco-
sal samples of patients with ulcerative colitis (UC) and Crohn's
disease (CD) than in healthy controls, whereas Janibacter, Lac-
tobacillus, and Schlegelella were enriched in the mucosal sam-
ples of UC or CD patients, respectively. There were 16 and 234
differently abundant genera in faecal and biopsy samples from
UC patients, respectively, and 31 and 344 differentially abun-
dant genera in faecal and biopsy communities from CD patients,
respectively [31]. Consequently, the mucosal communities had
much more differentially abundant characteristics than the fae-
cal microbiota. Studies discovered that 50 and 63 Proteobacte-
ria genera were enriched in the mucosal microbiota communi-
ties of patients with ulcerative colitis (UC) and Crohn's disease
(CD), respectively, showing an expansion of Proteobacteria in
the gut of IBD patients, particularly during an active phase of
the disease [32]. The makeup of the gut flora is also affected
by IBD medication. When compared to untreated individuals,
mesalazine lowers faecal bacteria and the concentration of mu-
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cosal adherent bacteria [33]. Furthermore, it suppresses the de-
velopment of Mycobacterium avium subspecies paratuberculo-
sis, which has been connected to the pathogenesis of CD [34].
Another study found that mesalazine reduces gene expression
in Salmonella enterica serovar Typhimurium that is related with
bacterial invasiveness and antibiotic resistance, perhaps pro-
moting the onset of IBD following infection [35]. Patients with
inflammatory bowel disease (IBD) have a considerably higher
risk of colorectal cancer (CRC), owing to chronic intestinal in-
flammation's pro-neoplastic effects [36]. Colorectal cancer
(CRC) is a leading cause of death in both ulcerative colitis (UC)
and colonic Crohn's disease (CD), contributing for 10 to 15%
of all-cause mortality in inflammatory bowel disease patients
(IBD) [37].

The age at IBD diagnosis was a key risk factor for CRC com-
pared with background population, as those diagnosed at age
0 to 19 had a RR of 43.8 (95% Cl 27.2 to 70.7) compared with
those diagnosed at age 20 to 39 with a RR of 2.65 (95% CI 1.97
to 3.56); both were referenced against those diagnosed older
than 40 years [38]. In advanced disease stages or in cases that
are in need for intensive care unit, itopride (a prokinetic drug)
is well tolerated and effective in critically sick individuals with
Enteral feeding intolerance (EFI) which is a frequent problem.
Enteral feeding intolerance (EFI) is associated with poor clinical
outcomes leading to worse prognosis in terms of mortality [39].

Liver cancer: Hepatocellular carcinoma (HCC) is the most
prevalent primary liver cancer and the fourth leading cause of
cancer-related deaths globally; both its incidence and mortality
rate are increasing. HCC has a dismal prognosis, and treatment
choices are restricted. The liver is physically and physiologically
linked to the gastrointestinal system, which is our body's great-
est reservoir of microorganisms. A growing body of data sug-
gests that communication between the liver and the gut (and
its microbiome) plays a role in the development of chronic liver
disease to liver cancer [40]. The liver receives the majority of its
blood supply from the Gl tract via the portal circulation, which
is rich in important nutrients that support the metabolic activ-
ity of the liver in the Gut-Liver Axis. In turn, the intestine gets
several metabolites from the liver, such as bile acids, which are
generated in the liver and transferred into the gut, where they
influence the composition of the intestinal microbiome owing
to their antibacterial characteristics [41]. The intestinal barrier
is a multilayered defence mechanism that protects the body
from foreign infections. Finally, the gut-vascular barrier pre-
vents intestinal bacteria from spreading into the systemic cir-
culation. Despite this, food antigens and bacterial components
that have survived the intestinal mucosal/vascular barrier and
entered the liver can be found in the enterohepatic circulation.
As a result, the liver serves as the body's second firewall, rely-
ing on its powerful immune system to identify and clear gut-
derived toxins (including bacteria), safeguarding the host and
maintaining whole-body homeostasis [42]. The gut microbiota
promotes host health by being metabolically and immunologi-
cally active. This involves nutrition extraction from indigestible
fibres, tissue homeostasis preservation, and pathogen preven-
tion. This link is reciprocal; nutrition, lifestyle, age, antibiotics,
and disease progression may all influence the microbiota [43].
The liver influences the makeup of the gut microbiome by syn-
thesizing and transporting bile acids (which have antimicrobial
characteristics) into the intestine, where IgA antibodies are pro-
duced. The intestinal microbiota metabolizes liver-derived bile
acids into secondary products, which are then recycled into the
liver [44]. Following meal fermentation, the gut microbiota pro-

duces a range of metabolites, including trimethylamine (TMA),
vitamins, and short-chain fatty acids (SCFA), which regulate host
immunity, barrier function, and liver function [45].

During chronic illness, small intestine bacterial overgrowth
(SIBO) and changes in microbiome composition (i.e., dysbio-
sis) occurs, which is linked with increased intestinal perme-
ability (leaky gut) permit endotoxins into the systemic circula-
tion, which corresponds with disease development [40].

The abundance of Enterobacteriaceae and Proteobacte-
ria was higher in colonic biopsies from alcoholic liver disease
(ALD) patients than in biopsies from healthy individuals, but
Bacteroidetes and Firmicutes were lower; In ALD patients, the
presence of potentially harmful bacteria such as Enterobac-
teriaceae, Veillonelaceae, and Streptococcus was higher, but
Lachnospiraceae was lower. Patients' microbiome makeup var-
ied according to illness severity; levels of Bifidobacteria and
Streptococci were greatest in severe alcohol hepatitis cases,
but Enterobacteria was enriched in all instances [40]. When
compared to nonalcoholic steatohepatitis (NASH)-cirrhotic
patients, microbiome study revealed that hepatocellular carci-
noma (HCC) patients from the NASH aetiology had a different
makeup. The hepatocellular carcinoma (HCC) microbiome was
associated with lower diversity, significantly higher abundances
of anti-inflammatory bacterial genera (e.g., Bifidobacterium
and Blautia), and significantly higher abundances of the genera
Enterococcus, Ruminococcus, Bacteroides, Phascolarctobacte-
rium, and Oscillospira [46].

Furthermore, clinical studies indicated that the microbi-
ome composition of patients with HCC progressing from vi-
ral hepatitis differed from that of nonrelated viral hepatitis-
HCC patients and controls; viral hepatitis-HCC patients had a
higher species richness and were enriched in Prevotella when
compared to both nonrelated viral hepatitis-HCC patients and
healthy controls. When compared to viral hepatitis-HCC pa-
tients, nonrelated viral hepatitis-HCC patients were dominated
by proinflammatory bacterial genera such as Enterococcus and
Escherichia-Shigella, with reduced abundances of Ruminococ-
cus and Faecalibacterium [47]. Activation of the Toll-Like Recep-
tor (TLR4) signalling pathway in response to Lipopolysaccharide
(LPS), as well as the direct toxic effects of secondary bile acids
(microbial metabolites) in the liver, have been found in clinical
studies to increase HCC development [48]. Secondary bile acids
have also been demonstrated to influence immunological func-
tion and the development of HCC. Deoxycholic acid (DCA), for
example, led to liver inflammation by boosting the senescence-
associated secretory phenotype (SASP), ultimately leading to
the development of obesity-related HCC. A further investigation
found that DCA activated mTOR, which caused nonalcoholic
steatohepatitis (NASH)-associated HCC [40]. Changes in the bile
acid pool following antibiotic therapy (a decrease in secondary
bile acid and an increase in primary bile acid) resulted in im-
proved antitumor immunity (NKT cell activation after primary
bile acid production; ToMCA). Antibiotics also dramatically low-
ered DCA levels and, as a result, liver inflammation and the de-
velopment of NASH-related HCC [40].

Hepatocellular carcinoma (HCC) may develop or recur in
chronic hepatitis C (CHC) genotype 4 cirrhotic individuals on so-
fosbuvir/daclatasvir and ribavirin. Liver cirrhosis was showed to
be the cause of HCC development [49].
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CTabIe 1: Summary of Microbiome dysbiosis and disease clinical outcomes.

Disease

Microbiota dysbiosis

Clinical Outcome

Esophageal Cancer

Most prevalent
Streptococcus species,
Veillonella parvula,
Porphyromonas gingivalis
Depleted

Lautropia, Bulleidia,
Catonella, Corynebacterium,
Moryella, Peptococcus,
Treponema, Cardiobacterium

-Barrett esophagus (BE).

-Esophageal squamous cell carcinoma (ESCC).

-Esophageal adenocarcinoma (EAC).

Gastric Cancer

Abundant

Fusobacterium nucleatum,
Veillonella, Leptotrichia,
Haemophilus, Campylobacter
Lactobacillus, Enterococci,
Carnobacterium, Parvimonas,
Citrobacter, Clostridium,
Achromobacter, Rhodococcus
Depleted

H pylori

-Loss of specialized glandular tissue and reduced acid production.
-Gastric carcinoma.

Colorectal Cancer

Abundant

Fusobacterium, Bacteroides
Campylobacter

Escherichia

Porphyromonas
Proteobacteria

Alcaligenaceae
Entero-bacteriaceae

Sutterella

Enterotoxigenic Bacteroides fragilis
Escherichia coli

Depleted

Clostridium clusters IV and XIV

-Increased pro-oncogenic capacity.

-Colorectal carcinoma.

Inflammatory Bowel
Disease and Crohn's
Disease

Abundant

Escherichia coli
Enterococcus
Hydrogenophilus
Janibacter, Lactobacillus
Schlegelella

Depleted
Faecalibacterium,
Bifidobacterium,
Lactobacillus

F. prausnitzii,

Blautia faecis,
Roseburia inulinivorans,
Ruminococcus torques,
Clostridium lavalense

-Induction of mucosal inflammation.

-Alteration of mucosal permeability.

-Crohn's Disease.

-Ulcerative colitis.

Liver Cancer

Abundant
Enterobacteriaceae
Proteobacteria
Veillonelaceae
Streptococcus
Ruminococcus,
Phascolarctobacterium,
Oscillospira.
Depleted
Lachnospiraceae
Bifidobacterium
Blautia

-Increased intestinal permeability (leaky gut) permit endotoxins

into the systemic circulation

- Hepatocellular carcinoma (HCC)
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Dietary effect on gut microbiota

Dietary prebiotics have been defined as “a selectively fer-
mented ingredient that results in specific changes in the com-
position and/or activity of the gastrointestinal microbiota, thus
conferring benefit(s) upon host health” [50]. Fermentation of
dietary prebiotics in the gut involves metabolic cross-feeding
where the products of fermentation by one or more bacterial
species provide the substrate(s) for other bacterial species. This
complex cooperative activity of the gut microbiota is essential
for good health. Bacterial fermentation of amino acids and pro-
teins, which occurs mainly in the distal colon, generates a range
of metabolites, many of which have a toxic potential. These in-
clude hydrogen sulphide, branched-chain fatty acids (BCFAs),
phenol, indole, p-cresol, indoxylsulfate, p-cresylsulfate, and
ammonia [51]. Several studies have demonstrated modulation
of colonic microbiota by prebiotic inulin or inulin-type fructans.
Real-time polymerase chain reaction (PCR) identification of se-
lected bacterial species in the feces of human volunteers after
inulin ingestion showed that the prevalence of Faecalibacte-
rium prausnitzii and two Bifidobacterium species, B. adolescen-
tis and B. bifidum, increased significantly [52].
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Lactation causes substantial alterations in the gut micro-
biota, followed by a subsequent shift with the introduction
of solid meals. Until roughly 2-3 years of age, the newborn is
vulnerable to limited bacterial diversity and a high rate of mi-
crobial flux. This time is essential for the formation of the gut
microbiota, with abnormalities associated to an increased risk
of autoimmune disorders and metabolic problems later in life
[53]. Dietary preferences are acknowledged as a significant en-
vironmental element influencing the host's microbial commu-
nity makeup. Long-term dietary habits have a greater impact
on Firmicutes, Bacteroides, and Prevotella ratios in the gut
than short-term alterations [54]. A rigorous vegan or vegetar-
ian diet, on the other hand, is related with a significant drop
in the number of Enterobacteriaceae, Bacteroides, and Bifido-
bacterium species [55]. The capacity of the gut microbiota to
adjust quickly to dietary changes may be representative of our
volatile hunter-gatherer nutritional intake, which was predi-
cated on the requirement for dietary flexibility with periods of
feast and famine [56]. One longitudinal study involving daily gut
microbiota investigations of two individuals over the course of a
year found that changes in fibre intake are positively correlated

with a change in abundance of 15% of the microbial community
the following day [57]. These relatively rapid changes to the gut
microbiota could be a ‘shock reaction’ to an influx of incoming
nutrients, possibly causing a transient disruption of microbial
composition. The ability of the gut microbiota to cope with this
stress is part of the inherent plastic nature of the normal mi-
crobiota. In this way, the gut microbiota is able to adapt and
adopt a new beneficial or detrimental state when faced with
a continuous perturbation [53]. Children fed with a high-fiber,
plant-based diet in Burkina Faso had a markedly divergent gut
microbial composition compared with their European counter-
parts, whose daily diet was richer in sugar, fat, and protein [58].

In addition, a diet rich in red meat aggravated dextran sodium
sulfate (DSS)-induced colitis in mice, resulting in higher disease
activity and histopathological scores. Therefore, alterations in
the gut microbiota community composition and function as a
result of westernized diet may trigger and maintain autoimmu-
nity by promoting the emergence of pathogens [31]. Among the
13 enriched genera in the UC mucosal microbiota, Clostridium
XI had the greatest number of correlations with diet, being cor-
related to 10 dietary nutrients, while among the 13 genera with
decreased abundance, Dorea had the most correlations, with
13 dietary nutrients. In the CD group Schlegelella was positively
correlated with nine dietary nutrients, while Coprococcus had
the greatest number of negative correlations, with associations
observed for a further nine dietary nutrients. In the fecal mi-
crobiota 23 genera (17 increased and six decreased) in UC and
18 genera (7 increased and 11 decreased) in CD samples were
significantly correlated with diet [31].

The genera Acinetobacter, Bacteriovorax, Bdellovibrio,
and Brevundimonas were significantly correlated with diet and
were enriched in the UC and CD groups. In patients with CD Aci-
netobacter was negatively correlated with protein, vitamin B1,
phosphorus, and copper. Bacteriovorax was positively related
to calcium, while Bdellovibrio was positively related to vitamin
D [31]. Among the dietary groups, fish and shellfish consump-
tion had the greatest number of correlations with mucosa-as-
sociated microbiota in patients with IBD. In addition, cereal and
fruits were correlated with most genera in the fecal microbiota
of patients with IBD. With respect to dietary nutrients, the in-
take of vitamin A and total energy had the greatest number of
correlations with fecal and mucosal microbiota communities,
respectively, in patients with UC [31]. In faeces, vitamin A was
linked to Chryseobacterium, Odoribacter, Phenylobacterium,
and Rhizobium. In mucosal microbiota communities, energy
intake was linked to Blautia, Clostridium XI, Dorea, Fusicateni-
bacter, Odoribacter, Roseburia, and Schlegelella. Vitamin D
consumption had the most associations with both the mucosal
and faecal microbiota in CD patients, and it was also favorably
connected to the abundance of Fusicatenibacter in both muco-
sal and faecal samples. Overall, gut microbiota was clearly con-
nected to food and nutrient consumption in IBD patients [31].

A 2018 systematic review and meta-analysis of 64 research
examined the influence of fibre on gut flora. Dietary fibre strat-
egies, notably fructans and galacto-oligosaccharides (GOS),
were observed to enhance the number of Bifidobacterium and
Lactobacillus species in the faeces but had no effect on alpha-
diversity [59]. It was discovered by Liu et al. that eating fructo-
oligosaccharide (FOS) and GOS for 14 days enhanced Bifido-
bacterium while decreasing butyrate-producing bacteria in 35
healthy people. However, after a 28-day washout phase, the gut
microbiota was demonstrated to revert to its pre-intervention
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baseline condition, demonstrating that the observed microbial
modifications are lost within the 28-day washout period if these
prebiotic fibres are not consumed [60]. A clinical study showed
that nicotinamide at 1000 mg daily was tolerated, decreased
metabolic anomalies, and increased quality of life in diabetic
nonalcoholic fatty liver disease patients while having no effect
on liver fibrosis or steatosis [61]. Burton et al., also found that
there was an absence of the probiotic bacterial strains related
to the two-week consumption of probiotic yoghurt after a three
week wash-out period (n = 14) [62]. In a study by Kellingray et
al., increased consumption of Brassica was associated with re-
duced relative abundance of sulphate-producing bacteria and
members of Rikenellaceae, Ruminococcaceae, Mogibacteriace-
ae, and Clostridiales [63]. Findings have indicated the benefit of
probiotics in aiding the treatment of infectious- and antibiotic-
associated diarrhea, insulin resistance in diabetes, and remis-
sion and maintenance of inflammatory bowel disease, amongst
others [53].

Probiotics have been defined as “live microorganisms which,
when administered in adequate amounts, confer a health ben-
efit on the host”. Many probiotic bacteria are traditionally used
in the fermentation of food but are now predominantly ingested
by the public as supplement-like probiotic products that contain
live bacteria. After consumption probiotics have the capacity to

colonize and proliferate within the gastrointestinal tract there-
by influencing the gut ecosystem [53]. Plant-based foods such
as fruit, vegetables, legumes, grains and nuts contain dietary fi-
bre. While fibre as a whole is generally accepted to be beneficial
to gastrointestinal health, specific dietary fibre types including
inulin, FOS and GOS are also considered to be prebiotic; defined
as “a substrate that is selectively used by host microorganisms
conferring a health benefit” [64]. Extensive research has shown
that probiotics have anti-proliferative or pro-apoptotic actions
in Gl malignancies, with colonic cancer cells and gastric cancer
cells being the most widely examined [65]. Previous research
found that L. rhamnosus GG strain suppressed the growth of
both human gastric cancer cells and colonic cancer cells, where-
as Bifidobacterium adolescentis SPM0212 decreased the prolif-
eration of three human colon cancer cell lines, including HT-29,
SW 480, and Caco-2. Bacillus polyfermenticus, L. acidophilus
606, LGG/Bb12, and LGG/Bifidobacterium animalis subsp. lactis
were among the other probiotic products or strains that shown
anticancer activity against human colon cancer cells [66]. Few
randomized controlled trials have been conducted to investi-
gate the effect of probiotics on the prevention and inhibition
of intestinal carcinogenesis [67]. Probiotics' advantages extend
beyond the prevention of intestinal malignancies to the pre-
vention of symptoms and problems in cancer patients having
colorectal surgery and receiving intestinal cancer therapy [68].

(Table 1: Probiotic microorganisms used in human nutrition [66].

\

)
_/

Type Lactobacillus

Type Bifidobacterium

Lactic Acid Bacteria

Other Microorganisms

L. acidophilus

adolescentis @

Enterococcus faecium @

Bacillus clausii @

L. amylovorus ® animalis @ Lactococcus lactis ) Escherichia coli Nissle 1917
L. casei @, ® Streptococcus thermophiles Saccharomyces cerevisiae (boulardi)®
L. gasseri @ breve )

L. helveticus @ infantis @

B.
B.
B. bifidum @
B.
B.
B.

L. johnsonii ® longum @

L. pentosus ®

L. plantarum ®

L. reuteri @

L. rhamnosus @, ®)

(a) Mostly as pharmaceutical products;
(b) mostly as food additives

Conclusion

Dysbiosis is correlated to the incidence of different types
of gastrointestinal tract cancer and disease conditions. Dietary
habits have an influence of normal state of commensal gut mi-
crobiome. Probiotics and dietary supplements have a significant
effect in enhancing gut microbiome diversity and abundance.
Besides, supporting in management of different gastrointestinal
tract disease conditions.
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