DOI: 10.29409/ijcmg.v17i1.361

Iraqi Journal
of Cancer

Cancer Research | Editorial .
and Medical

Genetics
Review article: The Role of Probiotic Strains in Can-

cer Prevention

Mokhtar Jawad Al-Imam', Anwer Jaber Faisal', and Ahmed Majeed Al-Shammari'
1 Iraqi Center for Cancer and Medical Genetics Research, Mustansiriyah University, Baghdad, Iraq

Abstract

Probiotics are living microorganisms that confer health benefits when administered in adequate amounts. One main way
that probiotics may help fight cancer is by changing bacteria in the gut. Some types of probiotics have been shown to stop the
growth of harmful bacteria, make chemicals that stop cancer cells from spreading, and boost the production of short-chain
fatty acids that fight inflammation and cell growth. Probiotics may also strengthen the intestinal epithelial barrier, stopping
the movement of compounds that can cause cancer and stopping chronic inflammation, which is known to increase the risk
of cancer. Probiotics can also change the way your immune system works. For example, some types can make natural killer
cells, dendritic cells, and T cells work harder, which is very important for finding and killing cancer. Some probiotics have
also been shown to lower oxidative stress and DNA damage. This makes it less likely that genetic changes that can cause
cancer will occur. Although more research needs to be done on how probiotics can help prevent cancer, several clinical
studies have shown encouraging results, especially when it comes to colorectal cancer. The burgeoning field of probiotics and
cancer prevention holds potential for transforming our understanding of the role of the gut microbiome in cancer development
and progression. Continued research is essential to optimize the use of probiotics as a complementary approach to cancer

prevention and treatment.
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Introduction

Cancer remains one of the leading causes of death world-
wide, with the incidence of neoplastic syndrome continu-
ing to rise despite advances in treatment. Researchers are
looking for new treatments and prevention approaches to
combeat this disease [1]. Although genetic factors undoubt-
edly influence cancer risk, the immune status of the body
also has a substantial impact on it. This syndrome is relat-
ed to probiotics, bacteria, and commensal bacterial flora,
both of which are found largely in the digestive tract. Pro-
biotic strains, such as Bifidobacterium and Lactobacillus,
are well known for their health benefits and are frequently
found in fermented milk products consumed routinely
[2]. This article evaluates the numerous studies that have
been conducted to date on the association between the gut
microbiota and cancer development. The potential use of
probiotic strains in the prevention and treatment of cancer
has been examined in a growing body of research [3].
Mechanisms of probiotics in cancer prevention:
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1. Modulation of the composition of the gut microbiota

To maintain homeostasis, the healthy gut microbiota
must be appropriately balanced and diverse. Dysbiosis,
defined as an imbalance between pathogenic and benefi-
cial bacteria in the gut microbiota, can arise. In addition
to increasing the risk of colorectal cancer and inducing a
persistent inflammatory response, dysbiosis can increase
the synthesis of chemicals that cause cancer [4]. In addi-
tion, associated with the start of gastrointestinal malignan-
cies is the production of harmful and genotoxic bacterial
compounds by the gut microbiota. These substances can
induce mutations by interacting with intracellular signal-
ing and binding to specific cell surface receptors. These
elements may be related to the capacity of probiotics to
actively exclude harmful microbes through resource com-
petition and adherence to the gut mucosa [5]. The distal
part of the colon contains few nutrients. Numerous gut
microbes suffer as a result of probiotics’ competition for
growth-promoting substances. In a process known as bio-
film development, probiotic strains compete with patho-
genic bacteria for the ability to adhere to and colonize
biological membranes [6]. A microbiological biofilm is
created when bacteria adhere to surfaces and extracellu-
lar polymers develop, increasing adhesion and acting as
a structural matrix [7]. Biofilms have a variety of proper-
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ties, including structure, genetic diversity, complex inter-
actions, together with the existence of things outside of
cells, including proteins, phospholipids, polysaccharides,
and nucleic acids. The adaptation to the environment re-
sults in the secretion of various substances. In a biofilm,
the spaces between bacteria are filled with polysaccharide
polymer molecules, which are crucial to complete adhe-
sion. Therefore, microorganisms collaborate or polymer-
ize to become more concentrated [8]. Polysaccharides are

most abundant in the early stages of biofilm production
and aid in the adhesion of the first cells to the surface. In
contrast, proteins first accumulate on the cell surface be-
fore being released and making contact with the target sur-
face. It often consists of a combination of proteins such as
collagen and elastin. One of the main causes of mortality
is cancer. Despite recent improvements in tumor therapy,
the number of patients affected by neoplastic syndrome is
still rising [9, 10] (Fig 1).

DYSBIOSIS which is characterized by an imbalance between
pathogenic and helpful bacteria in the gut microbiota

generation of toxic and
genotoxic bacterial
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Figure-1: The composition of the gut microbiota can be altered, but a healthy microbiome must be well balanced and
diversified. Dysbiosis, which is characterized by an imbalance between pathogenic and helpful bacteria in the gut mi-

2. Compounds with Anticarcinogenic Activity

Aliphatic organic acids with one to six carbon atoms are
known as short-chain fatty acids (SCFAs). Some examples of
SCFAs are acetic, propionic, butyric, valeric, and caproic ac-
ids. The metabolism of light-living bacteria in the large intes-
tine produces SCFAs as primary and secondary metabolites
[11]. The intestinal lumen should contain a total of 60 to 150
mM of SCFAs in a healthy individual, and the large intestine
should create 300 to 400 mM of these acids each day [12],
[13]. (Acetate), propionate, and (butyrate) are produced in
the colon in the following molar ratios: 60:25:15. However,
these ratios might alter and fluctuate. Only around 10 mmol
of their daily production, which ranges from 300 mM, are
excreted. This is due to the fact that (Short-chain fatty acids
(SCFAs) enter the colon at a concentration of 6 to 12 mol/

cm-2/h and are focused there [14]. Colonocytes also promote
the death of cancer cells. Butyric acid regulates the balance
of cell division, proliferation, and death in colonocytes. The
bacterial population of the gut microbiota naturally creates
SCFAs. However, the quantity created might not be enough
to stop the growth of colorectal cancer. The daily generation
of SCFAs may increase with the use of probiotics [15]. When
propionate and butyrate are present in the lumen of the large
intestine, they inhibit the growth of pathogens such as Salmo-
nella Typhimurium. Furthermore, it can block invasive genes
that cause Salmonella SPI/1 pathogen islands to enter cells
in the body. The fact that people with severe salmonellosis
are more likely to develop colon cancer in the ascending and
transverse areas makes salmonella an important consider-
ation. [16] (Fig 2).
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3. Impact of probiotics on mutagenic and cancer-causing
variables

In order to help prevent cancer, probiotics may have an im-
pact on extra mutagenic and carcinogenic chemicals. The im-
pact of free radicals and chemicals known to promote cancer
is further reduced by their ability to change the way several
enzymes involved in cellular detoxification operate. An an-
tioxidant enzyme called glutathione S. transferase (GST) is
crucial for neutralizing cancer-causing agents such as reac-
tive oxygen species (ROS) and xenobiosis [17]. GST protects
DNA from oxidative damage, which can cause mutations and
thus promote cancer growth. Polymorphisms in the GST gene
can influence the functionality of the enzymes generated,
which can indirectly affect the degree of DNA damage and
the chance of developing cancer [18]. Probiotics can increase
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Figure — 3: Probiotics may influence other mutagenic
and cancer-causing elements, such as enzymes, helping
to prevent cancer. (Created with BioRender.com)

the activity of this enzyme by using butyrate, which changes
the status of histone acetylation and thus increases GST pro-
duction [19]. Numerous glucuronides can be hydrolyzed by
the bacterial enzyme glucuronidase, which can release car-
cinogens into the colon and has a broad substrate specific-
ity, including PAH (for example, benzopyrene), a substantial
risk factor for colorectal cancer [20]. Through a number of
methods, including competitive exclusion of pathogenic mi-
croflora, the synthesis of antibiotic chemicals that prevent the
development of other microorganisms, probiotics control the
activity of bacterial enzymes in the colon, as well as the pro-
duction of acids that could lower the pH [21] (Fig 3).
4. Induction of apoptosis in cancer cells

Cancer cell proliferation and apoptosis determine the rate
at which it progresses. As cancer progresses, these cells pro-
liferate more than they die. Since apoptosis does not harm
neighboring cells or cause inflammation, and because con-
trolling cellular proliferation and apoptosis would destroy
cancer cells less aggressively, probiotics with these abilities
are of considerable interest [22]. Lactic acid bacteria (LAB),
for example, can activate apoptotic signaling pathways via
both an internal and an external, death receptor-dependent
manner. To test whether Lactobacillus acidophilus and Lac-
tobacillus casei were effective in inhibiting the prolifera-
tion of LS513 gastric cell lines, Baldwin et al. used cellular
apoptosis. According to research by Hwang et al., probiotics
block NF-B and mTOR signaling, leading to death in KATO3
gastric cancer cells [23]. Cousin et al. [24]. argue that bacte-
rial probiotics trigger a series of reactions that involve DNA
damage, cell cycle arrest, apoptotic bodies, caspase activa-
tion, chromatin condensation, mitochondrial transmembrane
potential inactivation, and bacterial probiotics. Because it in-
creases cell death caused by tumor necrosis factor in human
chronic myeloid leukemia cells, the probiotic Lactobacillus
reuteri has been linked to blood malignancies. (Fig 4).
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Figure 4: Mechanism of apoptotic induction of cancer cells by TNF-related apoptosis-inducing ligand (Created with

5. Degradation of Carcinogenic Compounds Present
in the Intestinal Lumen

The cell walls of some probiotic bacteria may come
into contact with cancer-causing chemicals. The cationic
exchange that takes place in some probiotics’ cell mem-
branes in bacteria and carcinogens is thought to be con-
nected to this. Probiotic bacteria have cell membranes
rich in negatively charged phospholipids and other
molecules. These negative charges can attract and bind
positively charged ions in the environment (e.g., cal-
cium, magnesium). When probiotics are ingested, they
can exchange cations from their cell membranes with
those of the intestinal environment. This exchange can
enhance the stability and integrity of the bacterial cell
membrane. Therefore, feces would eliminate bacteria
and cancer-causing substances [25]. Some strains of Bi-
fidobacterium longum, Lactobacillus acidophilus, and
Streptococcus salivarius have been shown to bind to and

release mutagens such as TrpP2 indole acetate, 5S-phenyl-
2-amino-l-methylimidazo [4,5-f] pyridine and 5-h pyrido
3-amino-1-methyl [4,3-b] [26], [27]. Lactobacillus bac-
teria removed dimethyl-nitrosamine the most vigorous-
ly, according to in vitro investigations by Rowland and
Grasso on the reactions of bacteria from the genera Lac-
tobacillus, Bifidobacterium and Streptococcus [28]. The
amine was converted to dimethylamine, which was then
transformed into various volatile metabolites. However,
Morotomi and Mutai found that Lactobacillus casei ef-
fectively detoxified cancer-causing heterocyclic amines,
a process that required live bacteria, suggesting that de-
toxification is likely mediated by bacterial metabolism or
enzymatic activity [29]. Because heat-inactivated bacte-
ria lacked this capacity, live bacteria were used in their
research. This might suggest that active bacteria create
metabolic products or accelerate activities that result in
amine detoxification (Fig 5).
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Figure 5: cell walls of probiotic bacteria contacted by carcinogenic substances. (Created with BioRender.com)

6. Immunomodulation

Cancer can weaken the immune system by spreading to the
bone marrow. The bone marrow produces blood cells that are
essential to fight infection [30]. Some cells of the immune sys-
tem can recognize cancer cells as abnormal and kill them. The
immune system is predominantly activated by bacteria from
the intestinal microbiota, which is required for the lymphoid
tissues of the immune system to grow [31]. The immunomod-
ulatory effects of the gut microbiota, which includes probiotic
microorganisms, are based on three seemingly independent
processes: Promoting and maintaining immunological toler-
ance to environmental antigens (for example, those contained
in food and air) [32]. A controlled immune response is induced
in response to bacterial and viral diseases. Protecting against
allergy and autoimmune reactions. Enhanced immunoglobin
synthesis, increased macrophage and lymphocyte activity, and
increased interferon production are other markers of probi-
otic immunological activation [33]. Because of an increase in
lysosomal digestive enzymes and free oxygen radicals*, the
constituents of the lactic acid bacteria cell wall activate mac-
rophages, which can rapidly destroy germs. Probiotic bacteria
may induce immunocompetent intestinal cells to release cyto-
kines [34]. Some probiotics can affect the immune system in a
way that kills cancer cells in their early stages by stimulating

phagocytes and keeping the immune system on high alert [35].
The adaptive immune response is based on antigen-specific T
and B cells, in contrast to the reaction of the innate immune
system to pathogen-associated molecular patterns (PAMPs),
which are present in many diseases. Immune system proteins,
called PAMP-binding recognition pattern receptors (PPRs),
initiate the first line of defense against viruses [36]. The Toll-
like receptors (TLRs) are the most studied PPRs. All sorts of
cells, from immune system cells like B cells and macrophages
to nonimmune cells like dendritic cells (DCs) and epithelial
cells (fibroblasts and endothelial cells), have transmembrane
proteins known as Toll-like receptors (TLRs). Probiotics help
reduce inflammatory responses in the intestines by lowering
TLR expression, inhibiting NF-B signaling in enterocytes, and
perhaps releasing substances that block TNF- from reaching
blood mononuclear cells [37]. NK cell function is also influ-
enced by probiotic bacteria. The probiotic Lactobacillus casei
subsp. casei can stimulate NK cell function more effectively
when dextran is present. The ability of intestinal epithelial
cells to secrete IL-15, a cytokine necessary for the function of
NK cells, may be related to this feature [38]. The studies show
that Lactobacillus casei Shirota increased NK cell activity,
which was associated with the generation of IL-12, a cytokine
linked to NK cell activity [39]. (Fig 6).
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Figure 6: The immunomodulatory effects of probiotics (Created with BioRender.com)

7. Improvement of the intestinal barrier

The composition and function of gut bacteria might af-
fect the way the barrier functions. Probiotics can alter in-
tracolonic pH, mucin formation, cellular junction proteins,
and other components of the intestinal barrier to decrease
intestinal permeability [40]. The action of bacterial en-
zymes that create carcinogenic chemicals is inhibited by a
lower intracolonic pH (acidity), which in turn reduces the
growth of pathogenic and putrefactive bacteria [41], [42].
When differentiating between internal and external pH
control, in particular, in order to thrive under acidic con-
ditions, probiotics can control their internal pH. Fast lac-
tic acid production gives them this effect by making their
internal pH higher than the ambient pH [43]. We found
that inhibition occurred exclusively when the pH of the
incubation medium was acidic, not neutral. Due to their
ability to control intracellular pH, probiotics can carry out

metabolic processes even in environments with low pH.
The rapid synthesis of lactic acid by cells makes this fea-
sible by raising the cytoplasmic pH to a level higher than
the environment that sustains life, which is alkaline [44].
In addition, molecules resistant to biological membranes
are protons and lactic acid molecules. Therefore, the cy-
toplasm is separated from its living environment by a pH
gradient (pH) [45]. Goblet cells use gel-forming glycopro-
teins as lubricants and a barrier between the body and the
outside environment; they build the mucin protective lay-
er. At least nine mucin (MUC) genes have been identified
in humans; these include MUC1, MUC2, MUC3, MUC4,
and MUCS5AC. The small and large intestines use MUC2
as their main mucin to form a gel, and this mucus gel is
primarily composed of structure (Fig 7). Throughout the
carcinogenic process, mucin and glycosylation production
is reduced [46], [47].
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Safety Assessment of Probiotics

As a kind of external active bacterium, it is crucial to deter-
mine whether probiotics have any harmful side effects. Infec-
tions throughout the body, adverse effects in the gastrointesti-
nal tract or skin, antibiotic resistance genes, undesirable effects
of probiotic metabolites, and ineffective activation of the im-
mune system are all examples of such problems. Those who are
most vulnerable include infants, the elderly, those in hospitals,
and those with compromised immune systems due to heredity
or disease [48]. The probability of bacteremia in those using
probiotics is around 1 in 5.6 million, according to studies that
use inaccurate statistical reporting. There is less than one in
one million chances of adverse effects when using yeast-based
probiotics; for further information, visit here [49], [50]. Most
of the patients had severe preexisting diseases, according to
another major epidemiological study, and infections caused by
Bifidobacteria and Lactobacillus accounted for 0.05% to 0.4%
of cases of infective endocarditis and bacteremia [51]. The risk
of infection and some characteristics were associated with the
kind and number of probiotics taken. Studies showed that com-
pared to the Bifidobacterium, Lactobacillus was the most infec-
tious bacterium [52].
Conclusions

Certification standards for the safety and effectiveness of pro-
biotics are weak. Although certain strains of probiotics have
shown promise in improving health, most of them have not
yet received scientific confirmation of their health-promoting
effects. Relevant advertising for probiotic products almost nev-
er mentions the possible risks. Multiple studies exploring the

potential protective effects of probiotic therapy against side ef-
fects associated with anticancer treatments found that patients’
immune systems were better protected when given a combina-
tion of probiotic strains. Patients with severely impaired immu-
nological function, especially those with neutropenia, should
be approached with caution. The rush for large-scale clinical
trials is necessary due to the fact that malignancies have a com-
plex pathophysiology, which means that different people will
have different treatment options and different strains will have
different effects. Finding the best strains for cancer prevention
and treatment requires comprehensive research into the asso-
ciations between various strains and clinical effects. Finding
out how to use probiotics and their products to control patients’
flora is the next challenge after identifying a helpful flora for
cancer prevention and therapy. However, more research is re-
quired to validate the relevance of gut flora as a cancer bio-
marker, as it seems to react to changes in the pathophysiologi-
cal environment, according to emerging research.
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